Errata

Title & Document Type: 4945A 1MHz Transmission Impairment Measuring Set
Operating Manual

Manual Part Number: 04945-90023
Revision Date: May 1985

About this Manual

We’ve added this manual to the Agilent website in an effort to help you support your
product. This manual provides the best information we could find. It may be incomplete
or contain dated information, and the scan quality may not be ideal. If we find a better
copy in the future, we will add it to the Agilent website.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
Packard's former test and measurement, life sciences, and chemical analysis

businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent
8648A. We have made no changes to this manual copy.

Support for Your Product
Agilent no longer sells or supports this product. You will find any other available
product information on the Agilent Test & Measurement website:

www.agilent.com

Search for the model number of this product, and the resulting product page will guide
you to any available information. Our service centers may be able to perform calibration
if no repair parts are needed, but no other support from Agilent is available.

Agilent Technologies


http://www.agilent.com/
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'a'LIMITATION OF WAR’RANTY

inadequate maintenance by Buyer.

S SARETY

| : This product has been designed and tested according. to .International Sarety
e Requlrements To ensure ate operation end to keep the produ-.t safte, the tntormation
cautlons and warnings.in th]s manual must be heeded, .Refer to Srctlonl torl general

" satety coneideratione appllcabte to thls product A
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Hewlett-Packerd Co'npany certlfies that thls product met its published specificaiions
“ai the time of shipmont from the faclory. Hewiett-Packard further certifies that its
'calibratlon measuremenis are' traceable to. the United Stales National Bureau of

Standards, to the extent allowed by the Bureau's calibration facllity, and to the

; ."calibration facilities of other internatldnal Standards Org..nization membars,
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o WARRANTY

)
1

This hew.ett—Packard Instrument product is warranted against defects in material and

workmanship' for a period of one year from date of shipment. During the warranty
period, HP‘wlIl at its options either repalr or replace proc .te which prove ‘o be

| ‘,For Warranty service or repalr”thls product-must be returned to a service facility

deslgnated by HP. Buyer shalt prepay shipping charges 1o HP an¢ HP shall pay shipping
charges to return the product to Buyer. However, Buyer shall pay all shipplng charges,

. dutles, and taxes tor products returnad to HP from another country.

: HP warrants that its eottware and firmware designed by HP for use with an instrument
~will execuyls tts programmlng instructions when properiy. installed on that instrument.

HP does not warrant that the operation of the instrument, or sofiware, or firmware will
be uninterrupted or etror trée e : ‘ |

The tcrogoing warranty shall not apply to detects resulting from Improper or
Buyer-supplied software or, interfacing,
unauthorized modification or misuse operation outside of the envirormental

- _specifications for the product, or improper site preparation or mainteriance, No other

warranty is expressed or implied. HP sneclticaily disclaims the implied warrantieés ot
merchantability and fitness for a partlcular purpose ) -
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EXCLUSIVE RcMEDlES o U

.-| A o . !

)
The remedies provlded herein are buyer s sole and’ exclusive remedies. HP shall not be

liable jor.any direct, lnolrect special, lnctdental or ohsequentiat damages whether
based on contract, tort or, any other, iegal theory, A -
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) =
iy

. , C " ' i ASS'STANCE .‘.”. 1<,:‘ )
‘ P g . ‘ -

. 1,‘

I"Product maintenance agreements and other customer assistance agreements are .
., available for Hewlett-Packard products l"or any asslstance.,ccntact Jour nearest "
' ‘Hewlett-Packard Sales and Service’ Omce C

.
: )

g

" CW&A 4/84




a o :‘I._ gL ! )
't T |
7 ! . t ! 1
¢ O vy oy : :
i M
: ' . i ot ’\‘} ¥ !
| ! ; - : f
) i | ' ! -
e [ , : '
N ¥
[ i ' v
| .
P i 1
' Lo - i .
i v '

S OF'ERATING o R
.f-,,-,»’-_,;j;_. MANUAL T T

i
|

- o
b A r

.13_ I 'i e
- L

,HP4945A L

J' Bl

TRANSMI;SSION IMPAIRMEN S
MEASURINGSET{ S

: e ! [
1 . B

T T . . o
¥

]
;

- éERIAL NUMBERS " .
- W:ﬁy_ This manual’ applies dire*tly to instruments with ‘sarial }.5
Sl T numbers prefixed 2521A. ' o

v R : ]

f77fif?§‘ ‘ Fcr “adaitional 1mportant inforﬁifioh' about . serial oo
S i numbers, . £ee INSTRUHBNTS COVEKED BY THIS MANUAL"  in o )
£ Sec*ion I._ L R o .

,‘Copyright Hewldtt Packard Company/Colorado Tb;acommunications Division 1985
: 5070 Centenﬂial Blvd., F.0. Box 7050, Colorade Springs co 80433 .
: A11 Right Reserved

Manusl. Part Na.. ohghs 90923 "F17 B .
Printed Pages Part No. 5957—hh5h T IR
Binder Par, No. 9282 0987 i -‘ﬂ‘t. g R -

T ! : oot

oy

.7t Printed May 1985
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ieditions. Update packagos may be issued between editions and contain replacement

S }and additiona pgéesltd be merged ‘into the manual by ‘the user.  Each update ‘page "
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CHAPTER I GENEF\AL INFORMATION Co
”\I . ..-|. 4.3! .. Y A - J‘: s o : | j ‘.’\ ‘r . .
4 ' A : ! : Lo
fi.;',‘*f?'?;,.,:—?:‘. S ”," o ! R . g l
{E 1.‘;.|‘“i}|:'“. . 'NTRODUCTION . i 4 : }::1‘1 »'i' ' :);: ' . E .1 E t\I
P This Qperating Manual contains Ainformation. required to install and operate the HP
© '+’ 4oUSA Tranmission Impairment Meastiring Set (TIMS). Figure 1-1 shows the HP h9h5ﬁ
& . and . the accessories eupplied h#ith the instrument. Throughout the remainder of this
o manual the BP; lf9h5A uill be referred to as the HP 1&9!45A or “he instrument
R 'Listed on the title page of this manual is a microfiche part. number" "his number
ST . ._cau be ‘used to order L4 X 6-inch mircofilm transparencies of this, manual. Each:
N m{icrofiche contains up to 96 phctc -duplicates of the manual pageb The microfiche
AR package aleo includes the latest Manual Ch: inges supplement. _"u i
l_ l-l‘? \.\ X . 5” . _‘ i . f' . . | ‘H N I.» | |
BT SPECIFICAT!ONS P S FR
- :7' B o -h\ . llr\l | ’:‘. ‘ ' L. P i :
. Instx*ument .specifications are listed in Ta.ble 1-1. These e’pacifications ara the

- instriment’s warranted performance. Supplemental characteristices’ erown in. italics

S " are. intended to provide information usei‘ul in applying the instrument by giving
o s typical, 4but .nen-warranted, performance paramqters. o , g

SR S’AFETY CONSIDERA:’FIONS ! g b R f o o ]
-l.'?j . o - -",-] . ; . K o ‘i . . L } i -f;lf ‘ ! i." . l;; i .
' ' This product is a Safety Class 1 instrument (provided with a protective earth

teminal) The instrument, and the manual should be: reVieued i‘or safety niarkings and
‘instructions before opera.tion. . SR

o 'N'SWPMENTS-CO‘-’EB;ED' BY THIS MANUAL i ?\ ‘
- S o : ' v ‘ ! : \
Byt . A . L

Attached to the instrument is a serial »numbe*' plate. "he serial number is in the
.form: - OOOOAOOOOO. It is in two parts; the first four digits and tae letter are the
: slerial prefix and the 1ast five digits are the suff ix. o )

_ 'l'he pxefix is the same for all 1dentical instruments; it charges only when a change
is ‘made to the instrument. The' anfrix howewver, is assigned sequentially and is
different for each instrument. The contents of this manual apply to instruments with
the serial number prefix listed under SERIAL NU'MBERS on the title page.
An inetrument manufactured after the print:.ng, da.te of this manual may have.a serial
 pumber prefix tha,t is not, listed on the title page. This unlisted serial number

~ prefix indicates:'the mstrument _is different from those, described’ in this manual.
’I'he manua.l for this newer instrumént is accdmpanied by al yellou Manual Changes

i : . . ) T
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b nug;plement

K

l.l

'3

1nstrument has' mounting :

bottonm panel. 'This allows
lreqt;ir ed. =A’ rack moq:jti gopt

g

' i, 7‘5
@his *nupplemnt conta..i,ns ‘
1.h‘e' manu;'.l o the newa}.»ihstn\men 3

wmast r;-sla.ve- provfs fons.

‘ iz\

'fbri

'hse on

LAt 'I'l‘ T . g ; . ! (' ) oy b Sl ":“".l‘,
A {'as. cur 'ent and accurate‘ a‘s possible. H wlett-”ackard rec.ommendsr o i
er*o icalﬂy request‘ the atest Ma\mall Chgméec au}:plemeat. Free bopies of : :
are, d.vaila‘b.m fro‘ Hewl-&;]tt-l’ackarri' : : ‘ i
. K e \: ‘.
I; . “ '
* 4y ’ ﬂ?' : 1]
(SN : L ! A < I"\. S
CAkIBHﬁPE{SELFicHECK softkeyj R IR
88 ] S‘.'L' PAEI‘I'ERN;aoftk\ey i ‘- oy [ R O
i o e . N L o “‘-.‘: L o .g,,'_ . , ) ‘. TN : ' ': i’j
idc\de wi&.J\. J.m shom a.t the bbttom of the CRT displuy. B LA
. ‘ : }r; , I A s ‘{‘,_ ,;;l-""" ,‘.’
ca !‘.f‘ul i b Ty :
5"']‘1 o : .l. o ! i .;’ SRR
| ‘.J t.,'l,;' L I.‘,,:‘u':'f R ;;
‘.. 2 ) : 3 1 : ,\,\‘\l ,( J‘-‘l . I\‘i‘ I“A“‘ i
TR multifunc'%ijon test sat that’ is) used to measu:Fe the quality of ‘l_li,a';'.‘ .

"and* widebdnd data com&nunica.tions channels. The - instrmnent ,is‘ T
‘roblem igolation on- high speed data.“_:ljtgansmissio circuits. * The g At
et on the rea.r ‘panel zmd ‘the right’ 'side, as well as on the''/, @
tha: .instrwxent to: belset ve“tically or horizontally as BRI
ign’. s’ ala’o. 1ab)p : ; P

ég‘hz SO a;x : n“

N

4-m.z'e circuits .

\

oth. diré'w:.dms, at‘, %ransmissmn ‘is /at one end,”of the

fd{rec

8 He wleitt‘ Eackard'
i "of ithe \thnara.tzi.c:sn5

68t resultn for
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a ‘]fl

j,]’lalr o
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’implementation of the! THER Stindard 188- 1578, Fora
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'”-'-";.'{!;‘-. Lo ey
i ! .

Je'-‘m' FETRRI T :'f '|..;15 -

s’ tho{wagter unit. At the remotely.controlled end ik
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of test (i.e., master to llave, or slave td master)
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f"enera.l Information

|

o

. and
! ser*al with tha data traveling "rom one device to the next around the loop ir only

. ong’ direction.A In'this. conz"imu‘atiou each device receiveg the message, acts upLon it
AL requir\ad andrretransmits it to the next device until the medsage returns fo the
Ariginato- .“For further infoma.tion rafer to C‘mpter VI of this manual. /

""'1 EZ':‘.- ST R o

EA Y

lpf

=Sa.].em sand oervice Office. 'I’he addresses are located a.'t the back of this m ual.
HP “IB InterfaCQ .-l.o”to‘n-vn--r-o- Hp 18162A . ' |
Y 1 "‘fa.ce .dll.l.tll'\!l.l‘Hp 18163A . S
; : n-i- HP 181655' )l ."'

HP-XBS Cabla 1, lzwtrea....,F R
ns—é32c Terningl Cablell.y s ‘inpf132u~u
/RS-232C Modem Cable.,... ... 4.0, HP 132h2G ';
.36-inch 310 t5 310 éable...;...... HP 15513&'
Rack Houn"’ihg Kit 19-inch. crpeneee .HP 181,69A
© /' Soft Carrying Casés...........:... HP 181708
i - 23-inch Rach: Adapter.............. HP ‘181764
o oy Rugged 'J.‘ransit (.ase. R HP 9211 2650

--1 o . * T

"?-_‘,I'OP.TIQNSZ"“"*-. B RS SRR A

-'.‘I'ha following opt:.on nis availablo and can be: ordered thrnugh your loba.l Hp Salea and
Service Office. The addresses ara located at the 'back of this maqual.

b

] .
'

r'rhe RS 232C‘mtarface aiJ.'ous the HP 1491&51\ to be controlled remotely from an 'thema.l |
,;ﬁev,ice that is configured for. RS-232C: serial commum.cations. The - interfr/ce also

i ! .'5 . BRI U - . . R r.“ ' o
'I‘t}q ‘ft‘ollbwing accessories are avo.i.la'ble and can ‘be. ordered through you:z J,ocal HP='

C L wp hghsa
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"' Table 1-1. Specifications
—
GENERAL . '
S ':;‘-_“-::."Powar Requ:tra-uents'. , 115/230 Vac +11%/ 22%, hB to 63 Hz
S ; X : B 150 wa.tts maximum., O
T Dimensions.‘ Haight° 18.4 et (7.25 in) ’
e _(excluding feet) ‘Width: 45.1 em (17,75 in)
R RS . Depth. hB 9 em (19 25 in) o
Weight ot 15 e (33 lbs)
e Operating Enviromnentl:'- Temperatura- 0° to +50‘_’ C (+32° to 122°
, . \., ‘il_ F) s l} .|-_ i . . .
r' & Humid lty' 10% to 90%, non- condensing
) Ea W

‘.,!

- (receiver and
transmi,tter)

}/old Circuita. R

o Return Loss' |

“Altituda. up to hsoo m (15,000 ft)

ol ’L!-’Warm-up time: 5 ‘minutes for stated

accura.x.y ;) 3

' HP IB (IEEL h88), RS 2320. HP- IL Yo

AHl SHl, CO Lh 35, SRl, RL1., PPJ. DCl.

-D'I‘O

Teminat ion Impedance HEE

+

Bit Rates.. 50, 75, 110, 150, 300, 600.

1200, 2400, heoo" 9600 bps.  Asynchronous

half or full duplex. T or 8 bit word. f,()
i

Pa.rity. none, odd. even, ma.rk or spa.ce. ) .,!

" R, AR, SH, D, T1-15, L1, AAl, co, pez, -

. D10,- PF1, SR2, RL2, pno pno
135, 600, 900 or 1200 ohm

'mo circuits, each independem- > 20 mA
for applied open cireuit voltagea from

-,h2 5 to. 105 volts de, either polarity,

through ‘an" external resistance of <=1700 -
ohms Nominal' 23 mA, hB v, 1300 ohms,

: >2o dB fro;n 20 Hz to 110 Wz

" i(receiver: and' oo _ LS PO
p:ansm_itter) N >30 dB from 800 Hz to 110 kHz a.t 135 ohms
o >30 a8 rrom 200 Hz to.20 kHz
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Tabie 1-1. Specifications (cont.)

  :IBridgihg Lbds. '
' (receiver)

~(receiver and '
"1transmitter)

i Jw'

l gl
: { ‘~U-i
f:‘JRahgé:ah‘f
e

K_Régolution:

. Accuracy:d.
- Sweer: . -
RN

T
i

E ;Step Rate.“

'SF. SPip. |
TR

K E;Holding Toneﬁ

"..

Range..‘ -

Lo

\l-

: vAccuracy’
¥

| ;Longitudinal Balance._

.""¥35:r; 'Maximum dc blocking-

- Step Size: | .

N Transmltter Level’", |

'5 Rééo1uti6n:, L

i

< 0.2 aB

| »90 dB, 50 Rz to 120 Hz decreasing
6 dB per octave above 120 Hz .

150 volts

,'l

rrarmrrgttapr Frequency o i | .]-:_ o

‘20 Hz to 110 ‘Rz selected by keypad or
]six programmable steps.

1 Hz. from 20 Hz to 9999 Hz, 10 Hz from 10

S kHztonokHz_

+-.01 % of output frequency
- Automatic . (uingle er repetitive) or
_ manual. o
Automatﬁc: IProgrammable from 10 Hz to
10KHz. A
" Manual: Selectable 10; 50, 100, 1000 Hz.

0. 3, ll'dr 3-§tepsi@er second.
Skips a band from 2h50 to 2750 Rz
1ooh Hz +-0.1 Hz . | .

260 'to +13 dBm (600, 900, 1200 ohm)
-60 to +5 dBm (135 ohm) - i

0.1.dB I o .

*5  t4e 0.1 dB at 1004 Hz, ~20 to'0 ‘dBa +- 0.Zi

'\ .dB at 1004 Hz, -60 to +10 dBm

I
]

‘ ] = : KP 4945A
o e v General Information




[. IHP hghsﬂ ". : ‘. . ::l .. :._ o ne | i I, .
. General Informat,:lon ; . o Y J ‘
‘-..II - 7.1” ':_ l(' y
' Table 1 1 Specszatw‘:s (cont } 5
o F]_.a.tné';.:: L » ! . S b
S . Coe : N : .
S © 20Hz  200mz 15 kHz' 85 )Hz 110 kHz
| R 4- 0.5dB | +- 0.2 dB | 4- 0.5 dB | +- 1.0 dB

-

7 Total Distortion:

Recelver Frequency
" Range. J

Resolution.

_A¢curaéy:: .

20 Kiz to 110 kHz, >=h0 dB down from =
fundamental, ‘measured in 3 dB bandwidth’

v _"full_wave é&er’age

.| : ’ A 1

- Flatness’ is not specified below 200 Hz uhen'
- using the 135 ohm termination. L

Hz to 3 WHz, :>- 50 dB down from

. fundamental measured in 3:dB, bandwidth up

to 12 kHz (for signa.l levels -hO dBu to +10

.dBm)' - .

4

. o o B 7 ’
3 lez_ to 20 kHz, >=L0 dB down from

fundamental, ‘measured in 3 dB bandwidth
up .to 80 kHz (for signal levels -140 dBm '

“to 410 dBm)

i

up to L4O kHz (for signal levels .-30 dBm

- to +10 dBm)

20 Hz to 110 kHz .

1 Hz from 20 Hz to 9999 Hz, 10 Hz from 10

kHz to 110 kHz

for signa.l levels > =50 dBm at > 20 dB

signal -to-noise ratlo _ \

1_Hz from 20 Hz to -9999 Hz

/10.Hz from 10 kHz to 110 kHz |

P ) o : i

-60 to 413 @B - -

Lo O ! )




- _Tablq 1-1. Specifications Leont.)

} . EP Loks5a
PR co o General Infomation

1

L B '-_"‘-_l.i‘ilglez"s‘ .Availa'.'blé:

-k .

Transmitter

-;l

Rece iver

Range° 0

! Reaolution-
- :Ac_'c't_l_r"ac::x:'

Befector '

L '
’ / ‘20 Hz . 200Hz :

el

Ha ight ing Filters .

" -50 dBm to +13 dBm

j

15 kHz 110 KHz

+-0.2'dB | +-0.5 dB

Lt I |
R .

+-0.5 dB"

il

1.-60 dBm to -50 dBm

20Hz  2d0 Hz 15 kHz 110 kHz’

+-1.0 dB |

“#-1,0 dB

+-0.5 dB

100’4 Hz holding tone accuracy is +-0, 1 dB

from -20 to O dBm - '»‘ , ,
act_:ura.cy is not specified below 200 Hz
when using the 135 -ohm termination

_ "60 Hz. highpass, 10 kHz J.owpass (Voiceband

: limit) BRI

MESSAGE CIRCUIT NOISE MEASUREMENT .

i+
quiet termination RN

ot g
: ll,'
i

o | P

C-message,, 3 kHz flat, 15 kiz fla.t,’r';SJO! _
kbit or Program' . o o

: +1d to +90 dBrn ‘

1d8

. "r‘. .

Semva
“True‘."x"ms R o ;

- "i:'.:_r"":ffn



,_-:'\;_‘ _ Generai Informati n S E I v

Table I- 1 Spectfwa!twns (cont.) o ) e .

Tranamitter e
Frequency ' 10014 Hz (fixed) :

Re::eiver

‘Heigh.ting Filters: C;méssage, 3 KHz flat, 15 kHz flat, 50
T ‘l"bit or Progra.m :

ﬁéf;h;_r‘i‘f tgf: T 260’ dB rejection ffom 995 to 1025 Hz
Pange " 410 to +90 dBrn
;:iRe’soiﬁt:i’ n:, | . ias |
bt True }@s '

' Aclcurac s S #-14dB

0|ss mmo MEASUREMENT -

" 'I‘ra.nsmittur o '-:' ' "' ' i . | . .
P iFreun CY' . 1004 Hz (fixed) | | ‘ S

. Receiver R
L
o

H’eigt;‘ ing E"i:ld:grg:_ " C-message, 3kHz flat, 15 kHz flat, 50 kbit or
g .. . Program = : o :

e LT e eE e o L
ST TR T R e e L

: .'.K,N'otéll_"Fi'ltt.a:r: s -- > 60 dB rejection from 995 to 1025 Hz

10 dB to !45 dB

= Res<1ution- : SRR 1 dB

- Sig a.l level ranm. L -hO_ to .+13 dBm at 600, 900, and 1200 ohms.
[‘ 7 =34 to #15 dBm at 135 ohms.

Y 'Detecto\r, SRR ‘full wave average and true rms

' Accuracy: ~ #'or - 1 4B (10 dB to 4o dB)
o . + or - 2.dB (41 dB to 45 dB)

ORI o i e

1.8




General IInfoma.t ion

Tabie 1-1. Specifications (cont.) = o
' T o ‘\ ' N . ) . .

e

.-NOHSE To GROUND MEASUREMENT

i
.Transmitter:

v . Receiver

1

, " . Range: .

Resolut :i.o'i" o

. Accuracy‘ : !

Detector t

. ,} . A
."‘ Jr ) T 4.

I : Transmitter

-1

e N Signal Spectrum

Lével Range:
) Wy

S -Receiver

Heo o Re_sc;;lut_ion:
o K‘écurac?
Filters:

|. }!

o Distortiozi Range:-

!

':“"_ J i Transmitter
o _;' Signal Spectrumé

‘,,::*'Le\:'e_l' Ran_ge:

' C-message ,-' 3

'Wéightin'g Filters: L
S - Program

- True mms

. Signa.l Level Range.‘

PEAK TO AVERAGE RATIO MEASUREMENT (P/AR)

dotoam

'l'_:if.Iaévells‘ Reso]_.ui:idn: i

quiet termina't. ion

i

kHz flat, 15

kHz flat 50 kbit or

40 to 130 dBrn (C-Message, 3 kiz) 50 to 236 dBrn

(Program, 15 kHz, 50 kbit)

148

S +- 1.5 dB"

INTERMODULAT!ON DISTORTION MEASUREMENT

four tone, non-linear d:.éfoftion
‘ two tone, neise check

-hO dBm to 0 dBm (not specifiad at 135 oh.ns)

i b i

-40 dBm to 0 dBm

1dB SRR

+-1dB

:
!

Second order cantered at. ’520 Hz and 224C Hz
Third order cente'red_ Aat 1909 Hz

10 to *55 dB -(m \spécified at 135 ohms)

meets Bell Systam PUB !4:.009 specificat*ona and

‘ Std '{h3-19816

g

" :,:1."9-:':

IEEE



':j"Genqxal Informatiorn T s . ;

1

L S blel -1. .S’pec fwttons (ccmt ) .

i .. — . . o i : 1
"_geceiver _ .
7 Signal Leve Range:- " -40 to O dBa

?/AR Rarge" o 0 tc'iEO units

Lo Y Accuracy. S - 2 P/AR units over range of 4o to 110 units
s T RN P +- l& P/AR units elsewhere : :

Ll Tl ] . ) .u

Resolution.r _" o ‘-1 p/AR wiit | i
PHASE AND AMPLITUDE JITTER MEASUREMEN?S

'Iransmi*ter B

Frequency. IR IQOH'H:; (fixed) -~ .

Recer:er ’,.,"3 e SR o : ;".'

: et

{@g“g:;:, ‘Level Range's‘ ,';;_r; = -ho to +10 dBm ( -34 dBm to +10 dBm at 135 ohms)

R Banduid*he-“if,: 20 to 300 Hz, h to 20 Bz and b to 300 Hz
Phase Jitter' b " ',0 0 tp .90 0 uegrees Peak to-'peak' ,
' R or 5 prréent of rea.ding plus

i , 1 .'E‘L“ : .
¥ ,1 T j LR "+ or'- 0 2 degrees peak to-peak.
o e e e B
. "'@plitu_ﬁefJitter:' ,“0 0 to 30 0 percent peak to-peak,

RN +.or - 5 percent of measured value
P o pius + cr - 0.5 percent of pean. o

g .,\ oo, e
Outputs' ',;,‘ : : Demodulated carrier and jitter ava.ilable
AR _

TRANSiENTS MEASUREMENT o

Transmitter '

: ‘|
.,.4-,_ 1

.Frequency:," Lo 1001| Hz (fixed) and quiet temination
ARG S . are sclecta‘vle : _ _ .
Receiver o v Y S A ‘
;_:h,nummmm»”jf M%Hrmm5Mr S
T 7 7" Tho dBa to 10 dBm at 600, 900, and 1200 ohms,
T L e e ' '-3thmto lOdBma.t 135 ohms, -

Count Ra'te{ S --=7, ,3 or 100 counts per seccnd

ER P . o . R

S CountRange S 0 to 9999 for e.ll count indicators

- "rinf@ﬁ ; ‘ ] :1 to 9 999 minutes, o continuous




General Information

" Table 1-1. Specificatians (cont.) - S

} : -

‘ Noie:

- -lmpulse' Nolse:- ,

3 _Thrcshhcld Range:

The following accuracy specxfica.tions apply to the 7 and 8 counts per
aecond rates only..

lbw, 30 to 110-dBrn :i.n 1 4B steps

|' medlum, programmable, 2, 3, L, 5 or 6 dB above
low .

_- high, programmable, 2, 3, 1| 5.0r 5 clB ahove
medium

(

| Threshold Accuracyé_ +- 1 dB ' o o ‘{!.:. | :
Phase Hits - ‘ ‘ o N

L _ThresholdiLeveI, ' 5 to US degrees in 5 degree Steps _,‘;f-‘i‘
PRI ,‘-‘.'*w R > ‘; ‘- o (Hit Guard . Interval : Ncmn:ml 4 msec. ) L ;"';."""' |
A }.,H : R,erel“'rﬁce !, )' ggn’:ghSA set for Impulse .L'hreshold <=0 | r.f-‘,‘.‘ |

PSR Thrashold Accwura.cy‘:l

) Al.'- ' . AR . "

Gain Hits

Threshold Range H

N R

3 ) [ . . B
i -Referenca:

Dropouts
'I'hreshold'

Duratiom ¥

? - Refarence-

,.":_1 j ‘l‘hreshold Accuracy.

y Threshold‘ Accuracy Py

-!‘5 . ¢ ] ) i

+-0.5 degrees. +'-10%} of, threshcld
' setting (10 to 45 degrees)

3

2 to 10 dB in'1 dB steps
(Hit Guard Incerva.l Nominal % msec.)

HP UGUGA set for Inpulse Threshold 90 dBrh .

+-0.5 aB I | ' | i

- >=12 dB

+_-1 dB
N .

Nominal b msec.

1
I"

.
) );" )
PR Impulse Threshold <=90 dBm ‘

HP hgl{SA s:et‘ for

)

HP LohSA -
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.. . . CHAPTER]L. INSTALLATION

_l-‘-)l.- ‘.‘ . o

INTRODUCﬂON ﬁ' 5 | ;

fmxis section contains installation instructions for the HP hghss. This section also

iheludes 'information about initial inspection. and damage claims, preparation for
- uﬂe, packaging fnr shipment. and storage requirements. B

:-’ ;J . . ' '

i INerﬁL.IN,s'PecrloN

| R PRRTT L | IIIIIIIIIII“. |
3 : ‘ o B . ' : . ) ) . . .
'Po avoid hazardous electrical shock,:do not perform

,E -+ . electrical tists when there are signs of shipping
ﬁ; - - damage - to any portion of the outer enclosure
|
|

4 (covers panels, CRT, etc.). o :

\ .
. . ' i
M
B
1

InsLect the shipping container for damage. If the shipping contalner or cushioning
'material . ig damaged, it should be kept until the contents of the shipment have been
iche;cked tor. completeness rand the instrument has been checked mechanically and
eleftrically o %,\‘, - ‘ , J

| R oo o

, If the contents of the shipment is incomplete, if there is nechanical damage or de-
e fect; or if. the instrument does not pass: the Self-check ané Performance Test, notify
: thJ nearest Hewlett~Packard office. S :
Lo '- !'f!l‘ ! o
.g"y;“If the shipping container or the cushioning materiol shows signs of stress, notify
‘““ i ;th( carrier as' well as the Hewlett- Pachard office. Keep the shipping material for
camrier~s inspection.“ The HP office will arrange for repair or replacement {at HP

l??wﬁf opt1pn) without waiting for claim settlement.
PRI !

AIRES
PR D B AN B .
AT . Y |
t Lo r ‘ B - . :
O v '..( - : . . , )
A i H R / d . '
et L : , Y . R o
P S Lo . |
t

\ R =

| PREPARATION OR USE

o

o Tﬂe HP hQRSA xequires a power source of eitner 115 or 230 Vac, LB8-to 63-Hz, 81ng1e
‘ plase. Maximum 150 uatts.l‘ ' s ) ,
'3' LLoe Vbltage election- |

“") i SRR . o Co ' ‘ ‘
}%ﬁde &oltage selector switch is located on the rear panel Verify that the switch is
_ sEt ‘to the local.operating line’ VOltage. 'Also located on ‘the rear panel is the line
“ufuse._ Verify that the fuse rating!cor*esponds to the line voltage. Refer to tatle
. -1 for fuse rating end part numbeﬁs. R N

- 0

].‘
R




";Originll Packaging o ' l”' : : :

CERAGMSA | B

Inatallation o . oy
‘ . r- ,l" ‘. . . -;r o r ' . ' L ‘ =‘
R - Table 2-1. Line Fuse Part Numbers
Lire Voltage Fuse Rating HP Part Number
| 115voltsac | 3ampsSB | 2110-03681
] ‘230 volts ac 1.5 amp SB 2110-0304
Power Cable - 'i{' o _ ;-

1

: (This instrument is equipped uith a three-wire power cable. When connected to an
appropriate ac power receptacle, this cable grounds the instrument cabinet. The

. -type of power cable plug lhipped with each instrument depends on the country of
idestination. o

[
e

STORAGE AND SHIPMENT

'“'Environment *1" R N S '

‘f'ﬂThe BP thSA may be gtored or shipped in environments uithin the following limits"

Temperature .7................. -hO to +75 c ( hO to +167 F) -
CHumddity soeiesiiiiieiiiinn e, 10% ‘to 90% noncondensing
Altitude .’.......Q......I.....I héoom (15 000 ft)

i

gﬂ;;The inetrument ehould also be protected from temperature extremes uhich cause con-
E{'densation within rhe instrument,

'lrUse original packaging if available. Containers and material identical to those

* used.-‘'in the factory are available through Hewlett- Packard offices.' If the instru-

- ment-is being returnel to Hewlett-Packard for servicing, attach a tag indicating the
-~ type of service required, return address, model number and full serial number. Also

mark the container FRAGILE to ensure careful handling. In any correspondence, refer

*_‘_+o the instrument by model number and full serial’ number.

Ny . .
Uy o '
) A v )
Vo BN
)
1 e N
. " I
i
’ )
I .
. -"
: ) . o I
. . S
! P \i‘_—'= . i
A g T 0 \ y
P Loy g
1 o Can . N
Iys P . :
“.1"'5 !"}!‘.‘ o ' ] t llll T
AR ! REXDY o
" Ty ! 3’1’\-”}”)
\ ) ooy ity I ' ‘3
N RS )
HERE ¢ j'. i "1|f” b
. Ay . ¢ ) [
B ! : K
S e 2 it i
R X .“I'il |
sty a [T R
G | SNEET
j-.’ j “ 1 E
[ Y A ’ i
TR gy B
oilt ¢ J:',j,T-

o I‘i

ivi
h]




- \,‘ ' ' " o
‘1P 49Y5A
AN T 1 . _ Installation
.' " other Packaging | o ‘ / ) i’ y
o ‘lThe follouing general instructions should be used fer repackaging with commaroially
N available materials. S

oA Hrap the instrument in heavy paper or plastic.

. l - 1
! 2. Usa a strong shipping container. A double-walléd carton made of 350-pound test

Lo material is adequa.te.

3. Uae a layer of shock absorbing material 70-to 100 -mm (3-to k4- inoh) thick' around
“all sides of the instrument to provide firm cushioning and prevent movement

I'_inside container._

b Seal nhipping container securely.

5. Hark lhipping container RAGILE to ensure careful handling

Ay B 13
AR 6. In any correspoudence.
e AR number..
. . >- . 1
R S :
.l o ' l."
’. P - i '
.,Q o N ‘ K f
‘;L‘, o Vo
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refer to instrument by mod.el number and full . serial
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L

e :!if:;:__,* s CHA'PTER-HL -dPERATloN |

This chantor contains both genoral information ahout the instrument and specific
information on how to uge’ it for making measurements on: your network Below is a
briaf dynopsis of" tho main foaturos of this chaptor.;‘k-__ : R _ )

Py : [
)

HP h9h5A FoatLrea i Jti'?'-";:: - \ | - ' ’

Gy o ‘”v e

This contains front panel, rear panel, and display descriptiona
o C IR
Data Entry Procedure jj/'ﬁ’¢_;;“- o ‘53' o,
\_y, ‘ . . f Ve . .

This containa inatructions on how to change the transmit level, frequency, or.

“volume of the instrumont. ‘It also oovers changing parameters which are located

1insido a menu.-q_r T .

NELERR] [ B ._ A . | :.. . . ‘.\ ..|
Set Up and Turn On Procodure y_“:\-“ S -
}ilThis covers how to initially set up your instrument Some of the areas covered
Sare termination impedanoe selection, calibratgon, hold coils. and data/time

Heasurementa SJ,‘:U‘KK-; S
:1Each moaauremont is coﬁarad aeparat%ly Each \section oontains a general
description oflthe measuremant menu and spocifio instructions .on Low to perform
‘the measurement. Following the,measuremonts are iﬂstructiona on'how to use the
OUTPUT’hardkoy to. dump. your results to a printer.\ Also in this chapter is a
brief doscription or all of the meslagos that appear on the display

t Haater/Slavo _Ju" S pf:‘ '--'4 :1'3“. B 'V

The tinal aeotion contains information on Mhster/Slava. It includes a descrip-’ -
tion of=uhat it is, how it works, how to:.use it, and &#ll the error messages.
“ ‘Also  included are notes on operation when using an HP h9h3A or an HP h9hhA with
the HP. hghsn.l-, e | \ | =

i

;=;'i..},r<i R A




.\.‘ St Fzgure 2-1. Front Panel Controls, Connectox-s, cmd Indzcators N

A G HP 4945A Features

. E‘.B’bﬁr':ﬁmsn DISCRIPTION' . '

..1 . LINE ONIOFF Hhen pressed IN ‘the instrument is powered ON. When%pressed
again, the power is turned en. o ?" o _
SOFTE!YS - 'I'he funct:lon of" each loftkey is labelled on the screen. When a
g'aelection is made, the next level of choices appears. "

. . 1 . :
"3 SET UP Hardkey'- Press:l.ng this key presents all of the set—up choices. All of

= thehset-up parameters can be cha.nged from the menu selections available on the
screen. : SN

i

h 'I'EST SELE(.'.I’.‘ Hardkey Pressing this key presents all of the mea.surements
selections. : o :

4

OUI.‘PUI' Hardkey - Pressing this key will automatically print the da.ta. on the '

‘gereen .. to a printer which is connected through any of the optional I/O
inte"saces.‘ S o :

- NORHAL DISPLAY This returns the display to the normal display mode nfter being
"5in special display mode.‘ Ll ‘
'SPECIAL DISPLAY - Pressing this\ koy enables the bold. u:ode. Thu mode displays
jthe measurement date in’ characters five times la.rger ‘than normal display and in
"_inverse video,  The" special" display mode :can be used when the measurement data -
'becomes ‘difficult to read’ (becauso of ambient light conditions or because of the
‘distance from the d*splay screen) " The SPECIAL DISPLY is des:i.zned to be used in

.the local mode. ‘ When - controller 48 being used with the hQIi)& the measure-
ments should be viewed :ln YORHAB DISPLY.- '




T HP ghsa
Bl e s T T : Operation .

.ﬂ-'the ENTER: key murt*then be pressed to, end the data entry mode.
' 1'VULUHE Hardkey - The volume level can be adjusted by the data entry keye or the
_xup,doun arrow keys, Aleo, the keyboard beep can be turned ON or OFF :

AR i
A i
Ly RIS ! 1

Ef‘," 10, LEVEL' Hardkey - Pressing this key enables you. to change ‘the exist ing  output -
2 770 . level ‘by a number of methods: i Along . the right side of the séreen, 'S program- . :
. mable levels and a quiet termination selection are labelled. By pressing any of ',
" ! these, the level automatically.'changes to the desired value. In eddition, the

C o data entry block, which is in inverse video, indicates that the data entry keys[.
~ are active.  The ap/down arrow Keys allow you to etep to the desired level.’ -

-_»step size used is set on softkey #7 on this menu. . -nr
1:11.,FREQDENCY Hardkey - Pressing +this key allows you to change the transmit
2w lvn 0 frequency by a number of methods: Along the right side of the screen, 6 pro-
cre o 'grammable frequencies are labelled. Prassing any of these changes the frequency
niioo 07 to the, desired value. In addition, the data entry block, which is in inverse
'video. indicates that the data entry keys are active. . The up/dosm arrow keys
2 iallow. you to’ step. to. the desired 1eve1. The etep size used is set on softkey #7

-_;»on thie menu,. . _

‘?
12. UPIDOHN Arrow Keye - These .are active uhen in DATA ENTRY mode., These will in- "
i, crement or decrement the value of each press of the hardkey.i ' ;

: 13 TRMT/RCV Hardkeys (or normal/reveree keys) - The LED illuminated determines
_Q@,f= which terminals are connected to the transmitter and which are connected to the
RSN receiver.. To reverse the connections, simply press; the alternate hardkey.

1h HOLD Ccil LEDe - These LEDs are dirpotly aeaociated with the Jacks located below
“them,. - These indicate that the. hold coils are active (LED illuminated) on the

left and/or right set of terminals.,

. g Ty : :

" 15 Transmitter end Receiver Jacke - Connoctione ‘can be made. uging either the stan-

. dard Western Electric 310 jacks or the binding posts. The LEDs noted (i3) in- -

dicete which terminals are the transmitter and which are the receiver.

3

:'in 16 DIAL Posta - These poete are provided for connection of a linesman’s handset.
The dial poet. ﬂhen activated are connected to ‘the transmit terminals.

RN 17 i L . . . 1

el ‘ ‘ e e ‘
‘8. DATA BNTRY Keye - Theee keys are used to enter numeric values uhen prompted by -
-~ the DATA ENTRY block on the dieplay. After the desired value hae been keyed in.lf“~-




- Pigure 3-2, Rear Panel Co trol, ?onneciors,‘anlecatures'

1

'_RI-:AR_PANEL' DESCRIPTION

Zfrl; I/O Hodule Panele - These panels can be removed ‘end the 1/0 modulel can be in-
o serted in their place. Lo . ;

SE e T

lf'2: Jitter Output - This ic the demodulated Jitter output. By'ueihg this oﬁtput.
§.g”wyou are. able to directly observe’ what is causing the jitter impairment (60 Hz,
o 'random noise, etc.). This output is directly arfected by the Jitter bandwidth
. gelected. . . . - ‘

) i Note
T _ _ If bcth amplitude and phese Jitter are on, this will not
R ‘be a. stable output.

‘ 'CARRIER Output - The CARRIER output provides e equare-wave output signal whose
"-frequency corresponde to the received carrier e;gnal..
‘ sx'rsnm. REFERENCB 'I'his :le active only in 2-wire return loss. The HP hghsA
- ;c;has the.capability ‘of using an' external ‘reference in place of the standard 600
! ohms or 900 ohms; which are in series with 'a 2,16 uF capacitor. This option is
;=-selected using the softkeys in the Return Lose measurement set up menu.’

“;Ac power line connector

N o Tl e

,uﬁff?o;rego'qelector euitch,fil5§or:23b:VAc' f§
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_cn'_r DISPLAY FUNCTIONS

_JThe HP h9h5A display screen is divided into; functional areas that allow for quick
and ‘accurate ‘interpretation of ‘the displayed data. Figure 3-3 identifies these
functional areae. : | _ Lo : ' '

1041, 40 7
' .

T TR E e

ClFefnt prtep”

R C . . “H1 S CTE T S L -
) S R } (R ln‘}'wﬁi Soenn f PoDime HRED
i g N - l-. WkOTERM RRQL o~ TERH AR
Voo e ; E & ' v yh R
o T B b B et ¥ 4 S b PR
) ' ) BN B e s o e : o boHE
PR R S N TR o ' ) L )
: . . ety - TinE
vt loue

I
CUtE b !

. e . . o . oM TER
Lo : ) . e . . - B [HR S B U TR B
. . . . . L . 1 .

Area 1 o ‘_' o | - o

This 1ine s dedicated to the date and time. In the 24 hour clock mode, the AM/PM
indication ia not displayed ' : " .

Area 2 .

This arec ccﬁtaine three lines. The middle line labels the ﬁenu;you are in and

designates the - -softkeys to specific functions. The -other two lines are designated

for informational messeges. ; : ‘ ‘ ‘ ‘
i‘fcx_ Area 3 '1'fef-'_1" o o

This area is reserved for the: measurement data or set-up information.‘

'l_ ‘ ‘
S - o

{.I;This area containa thfee lines. The types of megsages that may be found here are
. data entry'messages. power on. messages, calibrate/self-check messages., )

-Gfgﬂrea h .; fe‘ o “:-) . A '

‘Re!erring to ‘this ‘area will quickly tell you the tranamittlr and receiver
fconfiguretion.t:: . ‘




1;op9ration"; 

i

_This area defines the functions of each of the softkeys. Since the HP N9USA is menu
;.driver;.,-each,q_i’ these softkeys are redefined‘when a new selection is made. ‘
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OPERATING THE HP 4945A S

. DATA ENTY PROCEDURE

y

thm‘e 3-4. ""I}ata'En'try‘, Level , Frequency, Volume Hardkeys

“ﬂfLevel

'I.'o change the - transmitter 8 level, press the LEVEL hard.key The following sz lec-
‘s:ons will ‘appear.: - . ' - :

na-rae8) 10: 38" AN
[HANGE LEVEL -w---=--

| ';* | HLY LEVEL . “13.0 dBm

LEEY PREEUBUENCY 1004 H:

F 3-5 Level Softkey Selectwns e o
| 3 T
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Operation 3 B . o o ' |

b o . {

Notice that the LED next to the hardkey will illuminate when this key is sctive.
There are three ways of changing the level of the instrument. They are: ' The DATA

ENTRY keys, the up/down arrow keys, or selection of one of the preprogrsmmed levals.
The procedure for eech of these is discussed below. l .

DATA ENTRY Keys - Nhen making a specifio entry, first press the LEVEL hardkey; the
DATA ENTRY Jock uill come up-on the screen in inverse video with an acceptable . entry
range on the ‘line above it., Next, press the appropriate keys on the keypad to make '
the .level entry. The entries will show up in the DATA ENTRY block. To finalize
'your selection, press the ENTER key S . : wﬁ .

Up/Down Arrow Keys - These ere ;ocated right below the LEVEL, FREQuency, and VOLUME
hardkeys on the front panel. The up/down arrow keys can single step up or down a

value. The amount of ‘the ‘step size is set in this menu by pressing the STEP SIZE

softkey. (#7) The choices svmilable are .1, .5, 1 dBm

Dzogra.mmahle Levels - When the LEVEL hardkey is pressed, the softkey selections
shown in figure 3- 5 appear (Note' ‘The values may be different). To cheange the
level, press the corresponding 'softkey. .

N '

The vslues shown that correspond to softkeys 2 15 can be reprogrammed as follows:

is] . Press softkey !8 which is lsbelled 'PROGRAM 'LEVELS. Notice that esch of the
: levels is in parentheses. 7 o : _

‘7; e To change eny of the values, press the corresponding goftkeys, Now, use the

,‘f' data ent:y keys or. the up/down errow keys to change it *o the . desires value.




ﬁ . f.”l : ;.‘: L . :-l . ;’i;_ ..: i 7.:Jl :, ‘ . . : “ Hpughsﬁ

SRR y ] ‘ _ - Operatiorx

‘J’.u Frequency*m V-
N |‘ )

,-l”:r

Changing the frequency is vary . Bimilar to changing the 1evel. When the FREQuency
hardkey is preesed, the 'olloning selections appear.

' .,;!‘

, RE

c" LHEL —13 0 dBm
Pw mrpuﬁm v 1004 Hz

Pigu_re 343;‘ “mqmcy Softkey Séteatiaﬁs |

kNotice tha.t the LED next “to the hardkey wil]. illuminate when this key is active.

° There are three ways of changing .the frequency of the instrument. They are: the
“Data ENTRY keys, the .up/down arrow keys, or selection of cne of the preprogra.mmed

- frequenciee.= ‘1"1e procedure for ea.ch of these is diacussed below.

: ‘-:_: DATA EN'I'RY Keym - Hhen making a- specific entry, first press the FREQuency hardkey.
' -the :-DATA ENTRY block will come up on the screen in inverse video with an acceptable
entry. range on the. line above it. Next, press the appropriate keys on the keypad to
"make ‘the ' frequency entry. ‘The entries will show up in the DATA BNTRY block., To
‘;-}..;finalize your selection. press the ENTER key. . .

L Up/Down Arrow Keys - These are located right below the LBVEL FREQuency and VOLUME
= hardkeys on -the front panel.; The upldown arrow keys can single step up or dowm a

» value.' The anount ‘of the step size .is' set in this menu by pressing the Step Size
aoftkey (ﬂ)

'I‘he choices ave.ilable are 10. 50 100 end 1000 Hz,

B 1;1”' o . ‘ _lJ . ,
; 3-9 T .




: . :i T *ii
). SRTERN T e |

'Programmableh,Frequenciee - Hhen the FREQnency hardkey is: ,pressed the softkey -

. .melections shéwm. in: figure 3-6 appear (Noﬁo.‘ e values day be aifferent). To

B ﬁchange.the frequency, prees the cooreaponding aoftkey. ]_, . )

v e P! *
o 11 Ly o ) I

¥*?vrTho valueo shown that correspond to sortueys #1 - #6 can be programmed as f°11°W3'

' . R |] ‘5’ 4y b I
. o Press softkey fB which is! labolled 'PROGRAM FREQHENCIES. Nutice that each of
the frequenciea is in parentnesea.

o To change any of the values, press the corresponding softkey. Nouw, use the
data entry keye or the up/down arrow keys to change it to the desired value.

- Vo!ume m
'ﬁ”:To control the speaker volume or the keyboard beep, press the VOLUME hardkey. Th2
v following selections will appear.

09-78-83 , 1Q:40 AH

.- NDISE

VED BEEP
COR

CHLE LET HOLSE

RCY TERH
1 d Bm\
DUITET. IEPnIrﬁarIOH

:Vo;uhe Sof%kéQfSh;eotions
AR S

3+io“
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o ‘l"'f" . “j' S - ‘Operation
‘ . o Notice that the LED next to the herdkey will illumina.t;e uhen thie key is active.
B Uae softkey #1 to turn the VOLUME ONE. The volume range - ie from 0 to 6, with 6

- being the loudest. The level can ‘be changed by using either the up/down arrow keys
L 4 the DATA ENTRY keys. ' _ T

| : g ip”wi‘ Sttt

P Scftkey #2 (FONITOR) selecte whether the speaker 15 connected 1o the receiver or thas
o transmitter. . _ _ RO

¥

Softkey #3 selacts uhether the keyboard beqp is ON or OFF. This does not affect
warning beeps. .

. : ¥ "::"{.'””: i
. ‘i., ¢ B
. |

" __Changlng Parameters Located Inslde a Menu (thresholes timers, etc.)

Al

. Any parameter which has the option 'of being changed will be inside parentheses. If

" .the parameter has a pre- -determined set of choices, ther when the softkey is pressed

it will eycle through the selections. If there iz a range that exists for: that
parameter, then when the softkey is pressed a data entry block will appear on the
screen. You can now make elther a numerical entry using the keypad oi use the up/.

-~ . down arrow keys to change the parameter. To end the entry mode, either nress the
:',j ENTER key or any key other than <he DATA ENTRY keys.,

' POWER—_ON S_ELF CHECK

Wy
.

‘ e The HP 'hghS5A performs an automatic self check on power-on, During ‘power-on a series
... - of beeps will indicate that the: self check is in progress. In addition to the
' beeps, the LED indicators located ‘on the front panel will flalh.”Ar : !

_The pouer-en eelf check verifiea the performance. of the major circuitry. In the
event cf a hardware failure, an error code(s) will le displayed on the screen. Er-
; ror codee ‘are listed and explained in the HP h9h5& Service Manual in Section VIII.

OIf power 6n eelf echck errcrs are dieplayed, it:may still be possible to continue
ueing the inetrument by pressing any key. The cause of the errors, however, should
be corrected as’'soon’ .as poeeible. '

. . R

Sz
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R SET up AND TURN ON Pnocenuns
l‘.l- . ) , A ] _AU' ‘::Ill["lﬂl“ ' : ’ , | IJ ERE ' Y |
General Y R Lt i ﬁm”‘ Con
'.” ! g“'\ i ) ‘:‘t t

A - Pty
LR [N B

1. COnnect the power cord to:%he r:ceptacle on;thenraar panel ofithe instrument.'

o . e ‘| ! 1 AL i :

'".ﬁ2. Press tha LINE button in toﬁturn the]instrument on“ A serias of beeps at power,
"~ om indicates that the self-check . is in progresq i '

! o ‘ \" ‘. ‘ b ‘v; . . B :
Ty e i g ) e EEE U
PEVRU S T JCAunon .u\¢+ B L R
T -.' - : ' B 'ﬁ ! (' et T S g!“- K :"." RI! o i i ! .l| b

Do mot operate the instrument inside tha carrying case,. o,
. . . . Restriction or airlgrom the' fan caﬁ causa overheat;ng“
" and damage to:the tqst aet‘..”*":i wr ‘<.;.> o

. "»'I» E . : o
do i Co X o Lo
k . .}'

.,‘

s‘n P
. : A ' oo L] f
S i |J,,l‘!_ . rfr\ll _-n.‘;"‘

3. Selact the terminals that wilm be . uaad forftransmit and receive by using the
0 appropriate hardkey located abovo]the!terminals.

H"

:I|
U " 1,’}.'

,i ' i’ ‘\; }; |" A ,‘|“' ! :'
L, Connact the HP h9h5A to thelcircuit unnor test' ]' i nwy; | _f”'
5. To initially configura ths instrument, preés the SﬁT;ﬂP hardkay. The following
- menu- will appear.: . - RS A Sk
b ‘ _ Lo ;‘:‘i"al ““!il. . ,‘\ X ‘wll"‘
‘31 L a . N . L !.. 1 . ’ }Note 5 "l o }1 ) ,i:‘;,i ﬂu
3 - . o ‘ 4 i ;‘- e T r1 ) .'- ‘. ' , s

B b ;f{; The HP h9h5A contains. nonvola%ilq memozy which "saves"
S ‘your set up’ 1nformat£bn after“powar-down. It does not
.retain your -hold’ coil set ings or measurement results.

. ,..' g ‘_ If you are in maater/slave*mode when you power-down, you

D el will return to norma] oparation upon ponar-up.

:l' . |‘ ' oL S . ):“ ,1 'l‘ I,I ' H

i y . ) _‘,"Nl ." N




HP L9L5A
: Operation

T caueraTe.
) """;'"r.:“.“'. S\E F"CHECK,

’=‘1‘“ C L [ TRHTROVR, R
PO S S i'"""“ R VOLSETYUR. B

R IHPFDRHCE 600 ]
- THPEQANCE © - 600 - " .. | DIAL-/HOLD - W

R IEPH/BRDb CUTERN T | SET WP
B yurfE BAHD LI . .‘__”\.. T - .

B, TRHT . HOLD GOIL ' . . T PRt

RC?R‘HDLD C L2

S ~pATE.Tine ., M

L SELUP /,_

'Figure:S-B: Set Up Memu

ffThis aoftkoy accesses the menu to run..ho calibration and aelf check routines.
.. This softkey accesses the menu to configure the transmitter and roceiver.

-'Thie uoftkey acceeaes the menu.for.the_dielltalk, talk battery and holding

capabilities. :

.'Thia aoftkey accesses the menu to set up the I/O ports

This softkey accesses the menu to.set the date and and time shown at the top of

"fthe diegley.s_“ - L
;afThis softkey seleote the mode of operation (e. g OFF MASTER or SLANE)

- If master/slave node is selected this eoftkey will determine the direcfion of
'-‘_:test (o g. MASTBR TO SLAVE or SLAVE TO MASTER) _

|

;T{Hot U!ed S b-i‘] R

i':3713_' 1




'

o Preee tke sm: up hardkoy._._ .‘ o

f{“. Preps the CALIBRATE/SELF cHEcx’sgrtkey (:1) i |
=~H_e'Press the CALIBRAEE sortkey (#6) The mesaage CALIBRATIHG wlll flaeh on the

display while this is in progrese. 1 there are any problems,;rerer to the:
Service Hnnual St I

To Set Up the Transmltter and Recelver Conflguratlon
A 1 Set the MASTBR/SLAVE softkey (66) to read OFF in tHe parentheses.

Prees the TRHT/RCVR SET UP softkey (#2) The menu shoun below will appear. Set
each of the eoftkeye to the appropriate set ings. : o o R

ré

09 *a 83
TpnT Rth

H' [HEEDHH[E.f "
2 IHPEDANCE |
”~1LPH BRDG

> el e
;uoewnz'




S T ST ' ST . Opucation
v 'I'his eoi’tkey sete the transmitter te"mine.tion impedence. The eeluctions it cy-
‘. 3 cles through- are.135, 600, 930, and 1200 ohxne. Select the impedence that matches

the line to which the transmitter ig connected.

oy

, - 2 'mie eoftkey eete ‘the ' receiver teminaticn impedance. The eelections it cycles
tl\rougb are. 135, 600, 900, and 1200 ohms. Select the impedance that matches "the
line to which the receiver is connected. S o

N E oyl RN i '

i
I

AR 3-‘-Set thie eoftkey to' TERM if the instrument is to be . used to terminate the
O receive 1ine.,If the instrument is to bridge across the receive line, select.
oo - BRIDGE. W‘nen the receiver is bridged, it presents a high impedance to the line.
. "I’hi.e eneures that the teet set will not disturb the circuit which is: under teet.

i{_‘. ‘- M’I‘In'n SF SKIP ON it transmitting over a dial up. network whore aingle frequency
SRR -‘eignelling unite e.re uged. . SF SKIP: prevents the inetrument from tranemitting
L frequencies between 21450 to 2750 Hz.

L ‘.'5;.:.-;}rhis sortz.ey turns the VOICE . BAND LIMIT function ON or OFF. When ON, it limits
ks il the ‘high end output frequency t> 3904 Hz and sets the current: output frequency
: . to) 1004 ‘Hz, -This is used on N3 carrier facilities to prevent interierence with
; et y kHzfpilot tones._ g} ‘ . - : , g.*, !
e, U R I o ‘ PP
_6‘.';‘_1;,‘!!ot Usud e 3 R, S C . o
. ,! . .:_: = e . . ‘-‘ | : e s . . . T o .:.::!} .
S £ '-‘.Kot Ueed N R o
:‘:_ ”{ ’ o . : . : ' , "II) MRS
' .,:--8‘. Not Ueec\ T ‘ P S S g k
L ; " Lo ot ' T L . ' L : ,]:"',;
. . H e I o . f PR )\ | I‘VI'. .
!l!' A

: -,.-;"l'franemittel and Recelver Set Up When In Master/Sle,ve

;.-; ;In maeter/eleve. the ela.ve s centigure.tion c&r ‘be get at’ the maeter unit. _ If you are
 configured. for meeter/ele.ve .operation, then: when *he TRM‘I‘/RCVR SET UP softkey (#2)
18 preeeed, the ‘additional’ choicee ehcwn 'below mll eppear. iSet ep.ch of’ theee to the_

x:epproprie.te qetting. S [ ; ; R
A .,- . ﬂ,h ] ”'t‘ ,"EI . | } SR ‘ S ' . E . - : v ~.”
J!h : s Yay oo T o . 3 n I"»J
4 : R . ) . - [ . [ P N

T 'Iheee keye will not eppeez’ when opere,ting with an. BP
conh lk9h3d or en HP h94hA ele.ve unit, ,
L 6 Thie eortkey sets the sla.ve u.nit 8 tra.nsmitter IHP termine.tion im-

L -pede.nce. --The -selections - it cycles through are 135, 600, 901" ‘and

B -.~-":1200 ohma,  Select the impedance that matches the line to which

= ‘;.the ele.ve 8 tre.nanitter is connected. U L

PR Y !
- ! LA
2 sl ar
' i ' .,:J :‘:‘!“
: r} P PR 4 :
SR N L b o
X : o } " y!
e A B
PN | ' 1 '
j i ml i .
S ;
. . [ °
) i g i ¥
. . oI
, : 3 ,
i 1 N 1




'40peration Lo ST
e .f E e 1?§ | |
'tSLAVE RCVR : T Thie eoftkey eetl the eleve unit's receivor IMP termination im-
!1IHP ‘ !L‘ - ‘pedance.  The selections it cycles through nre 135, 600, 909, and
: r:' S 1200 ohms. Select the impedance that matchea the line to which the

felnve s receiver ie connected.

Ty

41ﬁ5 SﬁnVEiTEﬁﬁlia'B This softkey aelects uhether the receiver on the ‘slave unit is
.~ BRDG. . 'BRIDGEd or TERMinated. If the slave’s receiver is bridged, it

,,”presents a high impedance to the line. This ensures that the test
'.set will not dieturb the circuit nhich is under tast.

If desired. the elnve can be configured at the slave box. Upon initial link, the
-master will display the slave's set-up configuration. It will not change unless
‘one of the softkeys i6 - #8 are preased.. i " o

Ybu should be cuare that the following actione will cause you to loso link.

.,i' o Runnihg the diagnoatic self check routine
e Running the calibration routine .
E o,Reversing the transmit and receive lines using the hardkays
L ﬁlocated ebove the terminels. ‘

§
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2 c‘Enter tho month you want displayad.

- 73fNot Uaod

R %ﬁ@{ RO : : - 2 HP 49lsSa
u@.‘: o ) o o Operation
To Sot the Date and Tlmo' C | Y o

Pross the DATE/'I‘IME SET UP Bottkey (#5) ‘The menu ahown below will appear. Set
each softkay to the appropriate setting. The numerical values can be changed by
pressing’. the sot‘tkey that you want to change and entering a value using the

,.1‘nama ENTRY kays RS L

"ftrw\ 10 43 An
“ EEUCK SET, Up ---

rUPPEHT SET e - HOMTH . ‘
ey - ~(09) | ’
‘IRhT IHPEDANCE - =
“RCYROIHPEDANCE. . 608. -~ ~DRY
MCYR TERH- BPDb ~.TERM . 0} (28)

— s

GFOSKIP " B —
VULUE BAND LINIT. OFF HOUR
TRMT WALD colL, - OFF - . | (o

R vp HOMD CBIL - ON . pe A —
W T T -_I HIHUTE

| | Fzgure 3-10. Clook Set Up Menu
Enter tho :I.ast two digits o:r tho :,rea.r you mt diaplayed.

]

Enter the day or the month you want displayed.

Enter the hour you wa.nt diaplayed. '.l‘he allowable range will. depend on whether
g ';_-you choose to hava a: 12 or 2k hour clock on softkey #7. = -

'Enter tho minutes after the hour you wa.nt displayod. \" - '

5 This koy is only act:lva when you are get up to diaplay the time in 12 hour mode.
) _._5-;11: toggles botweon AH and PM. ECADE R Sy

1 . [

"‘;=This dofexminoa whother you aro using a 12 or 21! hour clock moda.

e




v HP UOW5A
_‘-'Operetion _

R i
R P Perfom SBT UP AND 'I'URN ON PROCEDURES.

" Dial, Talk Llsten and Hold Procedures : | - o
'I2.'~'__5Connect linema.n 8 hs.ndset (butt in) to DIAL terminals. _
| "“-‘._.3.___-'Press VOT.UME hardkey Next, press sortkey #1 unt:i.l the selection (OFF) appears

h Press the SET up harakey Verify that the HASTER/SLAVE loftkey (#6) is set to
(OFF) P .

g 5. Press the DIALIHOLD SET UP softkey (f3) The follouing menu will appear.

!

. g 0o- 28 83 *5*10 43 A e

- . ' |- TRHT HOLD

| ------ DiALs HOLD SET up- |- GOFF) -

IRRNVORIR - URRENT SET U - . [ RCYR HOLD
FRE AR _ e coHy -
e [RNT “IHPE DANCE" . 600" - —
SN  R(YE-1THPEDANCE . 600 DIAL - TALK . .
IR AR (P TERH-BRDG . TERH . (GFF) ..
BRI G k1P - OFF , ‘”‘f’”
RN  01CE BAND L[HI 0FF :
NS NRSERNNE (RNl HOLD COIL - OFF
| IR Plv\“HDLD CorL oA
5 “
i

e 1 ‘_ o T thum 3= 11 le/HoZd Set: Up Menu -

i ;-This softkey will turn the transmitter hold coil ON or OFF. The hold coil LED
+ -located above the transnit teminals will be 111uminated when the hold coil is
T**“'ect:lve. o '. ; '; - _

{";_‘J.‘his softkey will tum;the receiver hold coil ON or OFF. The hold coil LED lo-
. " cated above the receive termin_,al will be illumina.ted when the hold coil ls
*_sctive. L __-h -;:f; .'"_ W R

'l‘uming DIAL/TALK ON will conneet the handset to the transli.t line to pemit
7 dialing, talking snd/ listening over the line. Dialing must be done using the
iy _l_amdset. . The level ‘autorange is fixed when :ln this ‘menu to prevent autoranging
‘ when talking ovsr the line. - ' -

3*18 )




o B HP L9LS5A
T R : ' _ o _ Operation

. .The HP MQHSA‘wilifﬁufplyftha'handaét with +15 Vdc: to energize the microphone.

5' Rot Uﬁed‘ﬁ
. Not Used R o e .

Not Used -

. -Not Used -




' HP: Lghsa
C Op'e&rationl'

Reféir' to Table j-3'-1 for the ,‘proper-coﬂtrol sottings for your application.

|].

" Table 3-1. Circuit Control Settings

{Made. - 2-Wire Wet (DOD) | 2-Wire Dry 4-Wire Dry
‘IDiel TRVT HOLD
(through o (OFF)
: butt in) o RCVR H'JLD'
1 ' (OFF)
DIAL/TALK
(ON)
TALK BAT
(OFF)
| Talk TRMT HOLD TRMT HOLD TRMT 'HOLD
(through: - (OFF) - (OFF) (OFF)
i but't-in) RCVR HOLD RCVR HOILD RCVR HOLD |-
h - (OFF) - (OFF) (CFF)
DIAL/TALK DIAL/TALK DIAL/TALK
0 (ON) - (ON) (ON)
'TALK BAT TALK BAT TALK BAT
: (OFF) -~ (ON) - (oN)
Listen TRMT HOLD TRMT HOLD TRMT E-DLD
(through [ = (OFF) " - (OFF) (OFF)
butt in) . - RCVR HOLD -RCVR HOLD RCVR 'HOLD
: e (OFFY (OFF) ' (OFF)
. . DIAL/TALK D_!AL/TALK DIAL/TALK:
o ooy - (ON) (QN)
RS T TALK BAT TALK BAT, - TALK BAT
- (OFF); (ON) (ON)
Test - TRMT 'HOLD TRMT HOLD TRMT HOLD
T o (ON) - (OFF) (OFF) .
" RCVR HOLD RCVR HOLD RCVR HOLD
oo (oN) | - (OFF) (OFF)
. ~ 'DIAL/TALK - DIAL/TALK DIAL/TALK
- (OFF) - (OFF) - (OFF)
‘ 'TALK BAT TALK BAT . TALK BAT
(OFF')‘ (OFF)

(OFF).

'Nexl:, press l:he TEST SELECT hardkey and proceed with’

-”ijthe nnasurmnent. )

RTINS S Note
The hold coils do 'not switch lines with the .line reverse
o -‘;-‘f_.-‘_ switch Thiz is to prevent the nne from being drom:ed.

B | 3'20 .f.



i HP LgU5A
| Operation
LEVEL AND FREQUENCY
i Descrlptlon
7-'-'.l'his aection descrihes the following typea of leve]. and frequency measurements.
L e 1000 Hz Loss Measurement

e Frequency Shift Measurement : ‘
e Attenuation Distortion o ' 5
e Gain Slope Measurement A o ‘

To enter the Level Frequency menu, press the TEST SELECT hardkey and then the LEVEL
FREQuency softkey (#1). The following menu will appear: . _

- t . : b
R . . . (B8

.
¥

" GATH SLOPE’

| oq 28-83 - 10 45 ‘AN
LE?EL FPEDUEHL&

- a"

— 'LEV£L I,

c ROVOLEVELT LT
RUY FREQUENCY 11004

| Fzgm 3-12. rhe Level Frequtmcy Measzmement Menu
i' 1 13 so!tkey beg:lns the GAIN SLOPE meaau.rement.

2' ‘I'hil sottkey esta'blishes a. zero reforence at tha currant 1eval reading.

-

[
A




HP L9U5A " .
Operation

g

‘ates 60 Hz by at least 20 dB without affecting the holding tone (100l Hz)
- meagsurements. . : . - o _

] . . o

3 : fhi_ix‘”ﬁbftke'jr inserts a 60 Hz high pass filter in the receive path. This attenu- .

4. Not Used.
5. Not Used
6. Not Used

10 Not Used

8. :"I'h.is" aofﬁkey_'agcé_aaes the programmable frequency sweep menu.

To set up a programmmable frequency sweep when making the Level Frequency measure-
ment, press the PROGRAM SWEEP -softkey (#8). The menu is shown below with explana-
tions of each of the selections, After setting up softkeys #2 through #6 to the ap-
propriste settings, start the sweep by pressing softkey #1 until it reads SWEEPING
‘in parentheses. R s o : Lo

|
! | : )

n9-28-83 . 1ofhzeAam T 0 N
. 1 USTART 5T0P S
T PROGRAM SWEEP f-------| (STOPPED)  HENENES

b S . e TR o

CcHonSToR ) o
S S CrWEEF 2 .
F" I tvl l E_ 'YI E L . . -‘ .;‘ . l:l d B m ' et et bt e I

.

1

. - “Euece rron 8
RRSTER "Fl?-?P[uHEH!T 10U He

S ldnaHe
10 0 RH L,
SITRNRN
C1O00H --'-'"

.‘ weke o E

BTN .
UJI\' . ,°-
L ’r ) - .'- : . : l . . ) ) . 7
' ‘ l-o . ‘ 7‘ . .

LU Mz 7.0 dBm 600
1004 Hz .0 dBm 6000
“ ( } _‘\I :

i : !
o
Lot B S L - _ ‘II’
. - oo L : ; .
. :

i ffyﬁf'157‘ SO :'[_l:'tf3¥22 :




_ _ o HP L9Ls5A
4 L Operation

t

"I'hi.e eortkey starts and etops the sweep. It toggles between S’_I‘OPPED. and
'_\._S‘HEEPING. : _ S -

.',Th:le softkey tcggles between SINGLE and NONSTOP. 'NONS‘I'OP allows you to con-
' tinuously sqeep. _ : C ’

Enter tha frequency you wa.nt the sweep to eta.rt from.

Enter the frequency ‘you wa.nt the sweep to end on.

‘i_'Enter the etep e:lze you want between the frequencies, |

Select how fast you want the sweep to step, This key cyclee through slow (.3
steps/eecond), medium (1 step/second). and fast (3 steps/second)

1

- Not Used

_ ‘This,'softkey will‘rei:urn you to the level frequency menu,

'-General lnstructlons - Transmltter

Prees the TEST SELEC‘.'L‘ hardkey.

Press ‘the‘ LEVEL FREQUENCY softkey (’1).' The Level Frequency menu will appear.

" Note

’I'he tranemitter is automa.tically set to 1004 Hz when

SRR R o entering the Level Frequency menu,

' Adjust fﬁe.'level to the "Da.te Leirel".

S N ;
.z o ! ¥ . : 1

Note

’ir :
)

. A11 tranamieeion measurements nhould be made at Data
-Level. The Data Level for all presently specified data
circuits is a power of 13 dB below the Transmission
Level Point (TLP). For example, if the TLP is -16 dB,
- the Data Level would be -29 dBm. Therefore, an output -
'-“,alevel of -29 dBm would be applied in this case.

. o
1

When requested by the receiver opera.tor, tre.nsmit the agreed upon test rrequen-
."-ciee.- -The :l'requency <can be changed by entering a specific frequency, using the

‘,_"vup/down arrow keys ('both of these methods are explained in Date Entry Procedure
T -;‘Section) or by.using the programmable sweep capa'bility shown on sot‘tkey #8 above
PR _-i(refer to tho Deacription Section)




- HP -4gL5A
Operation

!‘l-'-
:'; i

e

i.' | Galn Slope Me.\surement

If you prese GAIN SLOPE (eeftkey 1 in the Lwel l'-’requency menu), the transmitter
Hill automatically cycle through Loh Hz, 100L4 Hz, and 2804 Hz (2 eeconde/step)

lGeneral Instructions - Recelver

] |
1

3.

- with your meaeuremeat.

= Press the TEST SELECT hardkey

.
‘l

. _Press the LEVEL FREQUENCY softkey (#1). The Level Frequency menu will be
_ displayed. ‘

1000 Hz Loss Measurement

Instruct' transmitter opera.tor to eend 1004 Hz tone.

Cbserve RCV LEVEL and RCV FREQU‘ENCY in center of the display.

. Press 60 ‘Hz FILTER softkey until IN appears in parentheses. +If the received

level changes more then +-0.2 dBm, the 60 Hz filter should be left IN throughout
the measurement. This will eliminate the effect of a 60 Hz signal interfering

1
N .

FrequenCy Shift Measurement

‘Observe the received rrequency vhile communicating with the transmitter opera-
‘ _tor, compering any difference between the transmitted and received frequencies

© . Note ,

The transmitting test set must be a test set capable of
transmitting a. eignal which. is known within +-0 5 Hz.

.

Attenuatlon Dlstortlon

: ‘Instruct: the transmitter operator to eend 100h Hz tone. If you want this mea-
: eurement to be made in absolute dBm, then ekip to step #9.

"Presa the LEVEL ZERO eoftkey. This esta’blishee a 0 dB reference at the current |

frequency (10014 Hz).

9 '{"*_,'Observe ROV LEVEL snd RCV FREQUENCY in the center of the display while the
‘ ;;agreed upon frequencies are tiansmitted. +dB indicates more loss and -dB indi-
,cates less lo.se, reletive to the reference frequency.

R R _ . i




R T b ' S S HP L9k5A
ST - .o ) ‘ Operation

Galn SIOpe Measurement

10 Select the GAIN SLOPE measurement softkey (#1). If the transmitting test set is

not on HP 4OU5A, then the transmitter operator must transmit the.tones (lOb. Hz,
1004 Hz, and 2804 Hz) individually. The receiving HP L9LSA will recognize each
e of the frequencie' and display the relative level to 1004 Hz on the screen.

Note

.~ The transmitted frequencies can be sent in any order,

‘but the relative level (dB) cannot be calculated until

1004 Hz is sent. As soon as the receiver recognizes

1004 Hz, it displays the relative levels of the tones it

T has previously received, if any. The mneasurement is

. _ continuously updated using the last 1004 Hz reference.




RP-49Y54
: Operation

. . . NOISE"
: De.-;crlptlon . |
! The noise meaﬂurements ‘which can be performed with the HP h9h5A are:

o Ho1se-with~Tone S
e Signal-to-Noise Ratio
.. @ 'Mesgage Circuit Noise.
‘e’ Noise-to-Ground '
o Single Frequency Interference

“Aleng uith theee measurements, there are five filters which can be selected. They

C-message

3 kHz flat co

15 kHz flat IR
Program . :

50 kBit C  v

' To enter the noise menu, press the TEST SELECT hardkey and then the NOISE softkey
(12) The following menu will appear. ‘

,09*28*83

S - oo NOUSE

HOTSE WITH TONE

T : : . SIGHAL
. S | TG\HUISE‘..
| " [ HESSRAGE «~
Jﬁl_%ﬂﬁﬁ_
CNOISE
‘bPOUHD

-

ESSAGE FILTER [N

-IFQCV TERHI
‘ ?'O dBm
?.0 dBm. -

L hguma-urheﬂmse Neasurement Menu

e




' _ ‘ : HP L9454
o ' Operation

Mot Used =~ | 0

H’This sbftkey gelacts the noise-with- toneiméasurement. It measures the tele-

'phone cicuit noise (in dBrn) in" bhe presence of a 1004 Hz tone.

i

When thiu aoftkey is pressed. the signal-to-noise ratio of tﬁe circuit is

calculated.

This hoftkey selects the meésage circuit'noise_measﬁferent. It measures the
telephone circuit noige with the line quiet terminated.

- This softkey gselects the noise-to-ground measurement. This can be used ag an

. indication of line balance.

Not Used '_
Not Used |
'-Thisisoffkéy”acbessés the}ﬁqise filters menu. | f

.you press softkey #8 (SELECT FILTER), you will access the following menu.

HOTSE. F[LTED“‘““'
HEJSE WITH. FONE

RETURH 10
ol .THoIsSE .

S '-' ‘ L oo
'.fPigure_stS.“ZThe Noise Filters Manu

.3_2715
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salg'cts the' € message“'filter. 'I‘his }filte;r weighf:p the"‘n_oii?so:",lto'-. o

;ﬁui;lulp.te uhat the hﬁmm'mar mruld dgteci:l;},- ot VL
: 'I ‘ }'i R '.‘\ll: “I " ’ - :, . \ . ! “,"i \u\‘ 'V. Y o a ’ ' !
é-wmms sottkey, selects' the 3 MHz’ £lat] :l’ilter. Thic'fi) rer is ised - to- detect the |
p;ra.:anqg.of,,low trequency Loine on wic« circuits. e ] : e o AR o
o '1" ” uu,‘- . iy I' ‘l 'J‘ NRTE N ||.‘,‘- . " ' ; ‘I‘ll‘ F
14 This filto;r is used when making o
olf noise on 'progmm circuits. A ETI i T
. L LTI AT R g |
‘ﬁ"‘ Cip s X i:" % ri‘“ ‘ml i : !
o ’l‘h,’ia softkej.‘seloctn J-the Program ifilter. 'l‘his,filtar is ,'u;sed t"or 'the ueighted L
i ‘meaaurementunqise on program circuita wh:lch have ‘bandwi;lths up ,t?,,B kHz. st
. ’ I . ha 1 ' "-H:..'] Ei ‘ I ' - I”” Pl SR { .n
5 'I'hia“ soft.key uelectl rrtho 50° kBI'I‘ filt‘er ' .
Yl 'handle wide‘band do.ta. and poSﬂ c‘ftlk?cuits
Dk '.|| - -,‘"‘.i B ’Wr,nf-; :‘. AL "“";l' ; o
‘ ‘6,.uot Used g ; S
o K
‘i }ﬂ" ,' * :I ‘;. z
Praa{s the 'I'E,'ST SELECT ha.rdkey.u ‘ :
tkey (#2) 'I'he Noise menu nill be displaye L
T . S “ : -)“ : ‘ .‘: . ;}F\_":‘- ‘ I !
Spa Ty e )
Mqasage Clrcult Nolse S AN ,: |
i ",",‘;, - ""'“i‘ I TS R R S
'.NOISE 1;aottkey (ih) {.l‘his uill quiet tominate tha ' ] L
5}!’41 15' ) .LI‘ ' o i
'I’;',j1 N
I. 5 \

Slgnai- b-Nolse_ R_atno, o

;Prass Lthe;‘SIGN TO NOISE soﬁ;key! ’(#3) l’I‘he txansmitter is now tranamitting LY
'100)4 Hz' hq’\lding tone, : :




. HP Lohsa
Operation

.- ;: L . B e } o s )
’} ‘ll-i I.‘ .!;‘_-‘-‘.ll‘ . : - - I:. .. Nota | -

. ,iAl.]. transmission measurements 'should be made et Datu
. Level, Data Level for all presently specified data cir-
cuits is a power of 13 dB below the Transmission Level
. Point’ (TLP). For exdmple, if the TLP is -16 dB, the Data
o Level would be: -29° 4 Bm. 'I‘herefore, an output level of
' .,29 dBm wot.ld be epblied in this case. =
TR Ll‘ o S

H';' R AT PP ', Nolse-to:—Ground

!I'he HP l|9h5A nust be properlyl grounded for ve.lid noiee to ground measurements.

1" Ground can: be’ eetebliehed through the power cord giound if there is a reliable power

}" line bond or through ‘the eleeve connections on the 310 transmit/receive jacks,

‘)'s‘“"r i A b b

h*\_ ‘ 6 Prese the NOISE TO GROU'ND eo:t‘tkey (#5) The tranemitter ie now. quiet terminated.
R 1‘”_'5!.1’-_ . ‘

o -' NoIee-Wlth Tone

: Prese ‘the NOISE HITH TONE eortkey (#2) ‘I'he tranemitter is now. trenemitting a
EE J.OOlt Hz holding tone. N _ ,
L Loy ; : ' ' l
8. _Ad.)uet the output level to the "Date Level" ueing the LEVEL hardkey (refer to
: "Date. Level" ebove) .

i

2 ‘.General Instructions - Recelver _
- Proee the 'ms'r sm.sc'r herdkey.. L
S ;2'. Prees the uo:ss: sortkey (#2). -

3 '.T.'he current !‘ilter eelected is dieplayed on - the lower portion of the screen. If
' ., you'want to change to another filter, press the SELECT FILTER softkey (#8) and
eelect ?he deeired weighting or press the RETURN TO NOISE softkey (#8). .

1
L

Message Clrcult Nolse ;

bl

Preee the HESSAGE CK'I' NOISB eo!‘tkey (#h) The reeding in dBrn will be disple.yed

Ly e iy ! . . . . )
i"""‘_ '_f R Szngle Frequenoy Interfemce

Wh:lle perrorming e. leesege circuit noiee meesurement, a eingle t‘requency inter-
ference cheok ce.n 'be done. o ‘ ,

4

Press the VOLUHE herdkey

: i,r:,‘Prees the VOI;UHE softkey (#1) until ON eppears in parenthe:es.




HP LONSA <
Operetion;, ;

7. Ad.,ust the volume level 'by ueing either the up/down arrow keys or the DATA ENTRY.

lmys .

8 , Press the HON.LTOR softkey (12) until REC[:IVE appears in parentheses. Ligten for

. any predomine.nt tone which will indicate a potential single frequency inter-

ference problem. A LEVEL FREQU'E!'CY measurement can be made (Don’t change the '

" transmitter - keep it quiet termi: ed} to further analyze the tone, Press
;' VOLUME hardkey to end the entries. ' i

. |
LY
TS

4 " : Slgnal to-Nolse Ratio

95 Press the - SIONAL '1'0 NOISB eoftkey (03) The HP hghsa will automatically display
the signal- o-no:lse rat:lo. .

_f.} 1{;5’ A _' Nolso—to—-Cround |

10. P:'esa the HOISE 0 GROUND , sof", key' (#5) and observe the de;n reading on the
display. SR

Llne Balance Calculatlon
'I'he rela.tive line balanco of an end loop can be calculated by message circuit
noise (Nm) a.nd noise to ground (Ng) and applying the following formula:

"‘Balance in dB = Nm - Ng -
| Note

Sy --~”his celculat:.on ie only valid if the meesurements are
C ., made on a physical pair and if it is assuned th-t the
| ‘message. circuit noise is caused by longitudinal ‘noige’

Ceh converted to message circuit noise by a line imbalance.
"It is recommended . that both .of these measurements be
made ueing the '3 kHz flat filter to account for the ef-
a0 ""fects of. power 11ne related noise._i o .

RS I R Nolse-Wlth Tone
11. Prees 'the NOISE HITH TONE uoftkey (12) and observe the dBrn reading on the
displey AT




SRR T R . HP LoLsa

‘T,} PR P . . Operation

P  TRANSIENTS -
Descﬂpﬂon S  "":7  SR |

The HP h9h5A performs the following transient mealurements

. sImpulse Nbise (3 level)

. e Phase Hits"

e Gain Hits - :
o.,Dropouts _ : -'_" : i

The HP. h9hSA will also perform a noise with tone measurement and latch the results
‘to aid 'you in aetting the impulse noise thresholds. The noise with tone measurement
"iis always in progress whenever the transients measurement is STOPPED

_To enzer the transients manu, press the TEST SELECT hardkay and then the TRANSIENTS

o isoftkay (l3) The following menu will appesr.

10 su .'1
TPHHSIEHTS | o
" T 7- l. . .
{ih{ ELBPJED Q.glﬂ e Tt ey
HEOL SF HOTSE ey . :
LW B8 dBrn. ‘ | o 3
.~ HID 72 dBrn CHT ' _
U HIGH 76 dBrn :
I : HPULSE LOU 4
PHA EHT TS 20" peg ©_(£8)dBrn- NN
CAHIH HITS 2 10. 4B 0 C st
- bROPOUTS 12 dB . 0 { STEP SIV? 5
) ) % . T ( ‘1 ) d B N
MO u«rnuf 2 dBrn" . oI .
6

HESAGE FILTER
| GATH HITS . v

Figure 3-16.

The TranStents Hbasurement Mbnu

: 7 ~1.. Thia loftﬁey sjarts and stops the'timer on the transients msasurement. It tog-
fﬂi_gles between STOPPED and RUNNIHG. ;T

I




B UgksA
Opernt ion -

Ay pa

SR L il _ ‘ - ‘ ;

2, --'I'his softkey sets the count rate for transient measurements It cycles through .

o .7. 8, and 100 counts per second . , ' : '

3."This softkey gets the timer for the transient measurement The range is pro-
"'*granmahle from 0 (nonstop) to 9999 minutes.

L, This softkey sots the .LOW threshold for impulce noise. The’ range is programmable
' from 30 to 110 dBrn.; o )

5. ;This eoftkey sets the step size between the LOH to MID and MID to HIGH impulse
noises thresholds. It cyclee through 2, 3, 4, 9, and 6 dB.

6. “This softkey sets thb rhaze hits threshold. It cycles through 5, 10 15, 20, 25,
- 30 35, 40 end 45 degrees. "

7.' This key sets the gafn hits threshold. It cycles through 2, 3, 4, 5, 6, Ty 8, 9,
: and 10 dB RSN _
0 ']' ‘ '
8..§This softkey accesnea the noise filters menu. For further axplanation of this
- menu, refer.to the NOISE measurement seotion. The noise filter selected affects
the impulse noise measurement only. -

Generai instructlons - Transmltter
; f~. s

1.1 nPress the 'I'EST sm.wfcr hardkey. e .

2._=Press th TRANSIENfS sortkey (#3) ‘The, transmitter g now trensmitting a 1004 Hz
..holding tone.. - ¢J , - S

3.T“AdJust the output luvel to the "Date Level" using the LBVEL hsrdkey

,_ll‘l\' .
B PR R Note'

' I

}All trensmiasion measurements should be made at Data
" Level. The ﬁete Level for all presently specified data
. -eircuits. is 'a ‘pover of 13. dB below the Transmission
“"Level Point (TLP). For example, if the TiLf is -16 dBm,
: the Dsta Level would be -29 dBm.’ Therefore. an output -
C 1evel of -2 dBm would be - applied in this cese. "

General lnstructlons - Recelver S o o L
1,-'.-,‘;?,_:».... the Tssr SELEqT hardkey. I o | ,
2-1fPress the TRANSIENfS softkey (#3).

3. Press thie comvr RATE sortkay (#2) until the destred rate appeara in p““‘th““‘
“ﬁnlt cyclus through Ts 8. end 100 counts per secoﬁd-

+
' v ‘- o : " B . o : . ' -
: | . H - . . S : M a7 : . ' '
H ' - . oo T ) " ! o : : . . . .
i - v [ L . .
Y

““5’71151.ﬂ.7A‘;ﬂf?;.lf*;.'37‘343?“25"




S T o . HP LgU5A
S n) fffli'»fh R “i'- o ' o . ' ' ~ Operation

. 4. Press: the COUNT TIME goftkey (#3) and set the timer for the desired 1imit using
. the DATA ENTRY keys or the up/down arrow keys. The allnwable range is from 0 to
- 9999 minutes wi th 0 being nonstop. The up/down arrow keys will step in § minute
o etepe.:f

5. Press IHP THLD LO eoftkey (#h) Enter the desired low threshold for impulse
: knoiee using the DATA ENTRY keys or the up/down arrow keys (1 dBrn step).

62' Prese the INP THLD STEP eoftkey (#5) until the desired step size between the
e ' =impulee noisge thresholds'appears. Your choices are 2, 3, 4, 5, and 6 dB.
o o )
' 7.. Press the PHASE 'HITS THLD softkey (#6) until the desired phase hit threshold is
’ obtained. This ‘key cycles in 5 degree steps from S5 to U5 degrees.

W “ﬂ.'-s.’ Prese the GAIN HITS THLD eoftkey (#7) until the desired gain hits threshold is
32\‘3“ SRR .!obtained. This key cycles in 1 dB steps from 2 to 10 dB. '

. 9. The current filter which is selected for the noise measurements is displayed on
o0 L the lower portion of the screen. If you want to change to another filter, press
. the SELECT FILTER softkey and select the desired weighting or press the RETURN
',y”?-TO TRANSIENTS aoftkey (#8)

" 10. Press the VOLUME hardkey. ' Press the VOLUME softkey (#1) until ON appears in
e -Vparentheees. : ‘ ‘

‘ . ‘11, _. Presa the MONITOR softkey (#2) until RECEIVE appears inparentheees.

e 12;,Ueing the DATA ENTRY keys or the up/down arrow keys, change the volume to the

"-'j“fdeeired “evel. Listen for any predominant noise which can provide a clue as to

. the .noise source. If you decide not to change the volume level, press the
‘-_VOLUHE hardkey again to return to the measurement menu. o ‘

.135jStert the measurement by preesing the START/STOP softkey (#1) until RUNNING aep-

S pears . in parentheses. The current status of the counters can be observed on the
. screen. . When the timer ia done, 'STOPPED will appear in the parentheses under
o softkey (11) Any eoftkey change will restart the measurement.

Note

: The noiee~with ~tone reading will be latched while the
traneients measurement is running




HP!‘Q“SA ‘ '. ‘>.". ’ -
‘_Opera.tion L L .

L ' ENVELOPE DELAY DISTORTION

Descrlptlron

1

'I'he HP hghsa performs the envelope delay distortion measurement, which is an indi-
rect method of measuring. ‘the phase response of a channel. It has a programmable
frequency aweep ce.pability to ‘aid you in characterizing a line,

"J.‘he following figure is included to quickly familarize you with ‘the measurement

procedure and terms. ; & i "

:i"\

4945A IN
NORMAL MODE

i 'Vlf.

83-1/3 Mz
- .

fret.

4946A IN
REPEAT MODE

"MICROSEC
: ;
Loyt ) ‘
: . REV fef—
o '3 (al'hoﬁiiq Haference Technique .

Normal o;mnior varies his transmitted

" carrier frequency. Repsat opcutor misup

a lixed refarence carrier fuquoncy
Envelops Dclav Di:tor:ion measured at

- Normat Set. '

RCV

4948A IN

”"Nonmmone .

Tret.

4545AIN -
REPEAT MOCZ .

-

Ibl Fonnrd Rdcnncc ‘l’ochnlquo

't
i - 83-1/3Hz

e,

© Normal opmm Misup & fixed rdmnct
" earrior frequency. Repeat opavstor varies
his transmitted uuht frequency. .
Envelope Dolw Distortion rnl-md lt
: Ncrmnl Sct

RCV

3

o Y pigure .,".‘3_.‘,1,?._.'1'?"?3 Envelope Delay Test Set Up




S S S ‘ D HP L9LS5A
S N B S s Operation

i R L Co : . : “
7o enter the envelope deley menu, press ‘the TEST SELECT hardkey ‘and then the ENVE- _
"FLOPF DELAY softkey (#b) The following menu will appear. f

Hy,

. 09- 28- 83 310:51 N
. . [MORHAL-REPT
EHVELDPE DELAY ~~=-~-~| (HORNAL)'

__._._...__._.
3 SR S -

o [ UEVEL 2ERD

. DELAY ,4313 usec [

g RV LEVEL ~13.0 dEn ,| nﬁfﬁ?ﬂ3énd
‘  eRLffFFﬂHNJEHCT © 1804 Hz R

Cye

|,_” B} - e : A
,1ﬁnq L g ; PRUbRHH-
RRELE R e i ; ' SUEEP

Pzgure 3 18. The Envelape Delay Mbasurement Mbnu

Lf;;l.f'This softkey gots up ‘the instrument ‘as the IORMAL or as the REPEAT test set.
-+ This key ie blanked in maeter/eleve mode. .

155‘2.“'This softkey establishes a zeru reference at the current level reading
.'1 ;3;‘ Thie softkey establiehes a zero reference at the current ‘delay reading.
. ture allows you to choose whether or not to view the alave’s level and frequency
i T;readings.- If you: ‘do not have a neod to view this date. get the softkey to OFF.

. “f'771.343‘,By choosing ‘not to view the remote readings, the measurement cycle is signifi-
G - ‘ cmtly faster. _ ) o N

[ y.. -In maeter/ele.ve mode this eoftkey ie labelled LEVEL/FREQ DATA (ON). This fea-

:f{5; 1Not Ueed '._' 1Q‘; . ;;5 | ) i,

-ffﬁ,f.Not Ueed
;u{7;*GNot Used Co o SRS
Rt R SR o

| ;:j§}¢ Thie eoftkey accesses the programmmable fraQuency eweep menu. B A

3 35




BP 49454 _
Operation .‘

.To set up a programmable frequency sweep when making the envelope delay measurement,
‘ment, press the PROGRAM -SWEEP softkey (#8). The menu is shown below with explana-
‘tions of each of the selections. After setting up softkeys #2 through #6 to the ap-

’propriate settings, start the sweep by pressing softkey #1 until it reads SWEEPING

‘in pa“entheses.

7~Enter the frequency you want the sweep to end on.

:“

\ I
\ : START~ STQP-
;<-r-*~¢ PPDGRHH SUEEP —~<-| (STOPPED)
| v | . CHOHSTOPY)
DELHY-\ 4312°USEC |  « SWEEP

' orey LEVEL L -13.0 dBn SUEEP. FRON

-09- 28-83" f"‘ | 10552 ﬂn'

180N Hz . » oo
- WEEP TO
{ 34 [ ﬂJ)_}L:_ _

OSLOUY >

600[ RETURH 10
6001 EHV DELAY

-'FigureJ34i9. T%e Progrunnublc Suesp anu for anelope Delay Dzstortzan

jThis softkey ste.rts end : stops .jl:he ‘sweep. It. toggles between STOPFED and

SWEEPING.

' This softkey toggles between SINGLE and NONSTOP. NONSTOP allous you to con-
‘V_tinuously sueep.x .

f:Enter the frequ-ncy you want the eweep to start £rom.

"f?Enter the step aize you want between the frequencies._i

LNSelect how fast you ‘want the sweep to step. The key cycles through slow (.3
qusteps/second), medium {1 step/aecond), and fast (3 steps/second)

;j‘Not Used

l f.ur 3&36,

I
. i
1




2.

‘ 'G'eneral lnetfhctlons - Return Reference - Normal Test Set .
Vo o ’ . :

1,

="A.d;juet the output level to the ”Data Level" using the LEVEL herdkey.

?-ﬁhen'the Repeat Test Set operator has completed step 6, continue te step 7.

HP L9h5A
Operation

i

‘ . . ":8.'_' ‘This softkey will return you to the envelope delay menu,

Note

Due to the amount of time the receiver ~Z the HP L9LSA
needs to correctly measure a level =ud freguency, scme
points will not be displayed when using . the medium or
fast sweep rates.

I

L Master/Slave Operatlon

fwhen ueing the instrument in master/slave mode, the STEP RATE softkey (#6) will be
_blenk The step rate is not selectable in this mode of operation,

_Press the TEST SELECT hardkey.

Press the ENVELOPE DELAY softkey (#i4). The Envelope Delay menu will be
L displayed. L - > '

..'Press‘the NORHAL/REPT softkey (#1) until NORMAL appears in parentheses.

- Connect the pair to be tested to the TRMT terminals. Connect the return
.referenoe pair to the RCV terminale ‘ '

" Note
All - transmission measurements should be made at Data
" ;Level. The Data Level for data circuits is a power of
13 dB below the. Transmission Level Point (TLP). For ;
example, if the TLP is -16 dB, the Data Level would be :
~29 dBm. Therefore, an output level of -29 dBm weuld be o

‘:f ,(' , applied in this case.

‘Observe the RCV LEVEL (in dBm) oe the displey. For valid measurements, this

leyel must be Jgreater than or equal to ~40 dBm.

!

_"Adjust the trensmit frequency to the reference frequency (e.g., 1804 Hz, or the
i frequency of minimum_delay) using the FREQuency hardkey.

o 3




Y20,

11,

Operation . o . o :

o

AT Nt
’ \ 1 . | - . }

. The transmitter of tlie HP 4945A is automatically set to
'180h Hz when the envelope delay menu is accessed

| Note "

. If SF signaling units are used in the network under
test, SF SKIP should be ON (refer to the Set Up
‘Procedure)

5

Obseree the delay reading on the display. Arrows will be displayed;until the
reading stabilizes. Press the DELAY ZERO softkey (#3). This establishes a zero

. reference at the reference frequency.|This can be verified by noting the display
~ under ZERO REFuRENCE. ‘ o :

It you uant a zero reference for the received level, press the LEVEL ZERO

: softkey {#2). The level which .you selected as the reference is -isplayed under

ZERO REFERENCE on the lower portion of the display.

Transmit the desired test frequencies using the FREQuency hardkey or the pro-
grammable sweep capability._‘ ,

117_12. At each test frequency. observe the relative delay in microseconds. If the

readings vary. take the average. '

1
!

'é_-‘é_"GeneraI Instructlons - Return Reference Repeat Test Set

1

3
o

Press the TEST SELEC& hardkey.p- ‘ .

Press the ENVELOPE DELAY seftkey (#h) The envelope delay menu_ will be

displayed._‘ ff'

¥

Prese ths HORMAL/RFPT softkey (#1) until REPEAE appears in parentheses.

Connect the pai? to be tested to the RCV. terminals. Connect the return reference
pair to. the TRHT terminals. _
g

. Adjust the output level to the "Data Level" using the LEVEL hardkey.

.37387




S o | o HP 49L5A
B R a o . - o ' Operation

e | Note
oy : = All transmission measurements should be made at data
e w0 level., The Data Level for data circuits is a power of 13
. ?j: ’ ' : dB below the Transmission Level Point (TLP). For exam-
IR - ple, if the TLP is -16 dB, the Data Level would be -29
§ L - dBm, Therefore, an output level of -29 dBm would be ap-
plied in this case.

6. Adjuet the transmit frequency to the reference frequency (e.g.,1804 Hz or the
frequency of minimum delay) using the FREQuency hardkey.

i

Note

The transmitter of 'the HP hohsa is eutomatically set to
180h ‘Hz when the envelope delay menu is accessed.

¥

N A'I 7. Notify the NermelﬂTest Set operator that you have completed Step 6.

. : _'. T .k.‘ ) ’ . T
., - General Instructions ~ Forward Reference - Normal Test Set
. o, Press the TEST SELECT hardkey.

_2. _Press the ENVELOPE DFLAY eoftkey (#4). ‘The envelope delay ‘menu will be
o displeyed. o . :

'?_f_LB;f-Press the NORMAL/REPT softkey until NORMAL appears in parenthelel.
4. ‘Connect the’ pair to be tested to the RCV terminals. Connect the reference pair
. to the TRMT terminels.. :

=5‘.-‘_Ad,juet the output level ta the "Data Level” using the LEVEL hardkey.‘

' Note.

All transmission measurements should be made at Data
Level. The Data Level for data circuits is a power of 13
dB. balow the Transmission Level Point (TLP). For exam-
ple, if the TLP is -16 dB, the data level would be -~29
¢ dBm, Therefore, an output level of -29 dBm would be ap-
- plied in this case.

6. "Adjust the., transmit frequency to the reference rrequency (e.g. 1804 Hz, or the
frequ ncy of minimum delay) using the FREQuancy hardkey.




HP ;h9lSA L o - i

Oporation
= 1 i ) )
Note
The transmitter of the HP LoL5A is automatically set to
180h Hz when the envelope deley menu iz accessed.

' ‘n.n : . . : . ) ' I .

7.;‘Hhen the Repeat Test Set operator has completed step 6, continue to step 8

8. Observe the RCV LEVEL (in dBm) on the displey. For valid measurements. this

| 1evel must be greater than or equal to -hO dBm

9. Observe the delay reading on the displey "Arrows wil). be displeyed until the

 .reading stablilizes., Press the DELAY ZERO softkey (#3). This ostablishes a

' reference at the reference frequency. This can be verified by noting the display
under 2ERO REFERENCE.

10. If you. went a zero reference for the received Jevel, press the LEVEL ZERO
softkey (#2). . The level which you gelected as the reference is displayed under
ZERO REFERENCE on the lower portion of the display.

Retify the . repeat test set operator to begin send*ng the agreed upon test

11..

12,

frequencies..

At each test frequency, observe the relative delay in microseconds. If the

‘jreadinge vary, take the average.

Genera! lnstructlons - Forward Reference Repeat Test Set

: Press the TEST SELECT hardkey.

-

: :Press the ENVELOPE DELAY sortkey (#h) The envelope delay menu will be

,_displayed.

JP"ese the NORMAL/REPT gsoftkey until REPEAT appears in parentheses.

"'*Connect the pair to be tested to the TRMT terminais. Connect the reference pair

" to 'the RCV terminals.

'4'Adjust the output level to the “Data Level" using the LEVEL herdkey.

‘Note | '

"~ All transmission measurements should be made at Data

Level. The Data Level for data circuits is a power of 13

'dB below the Transmission Level Point (TLP). For exam-

ple, if the TLP is -16 dB, the Data Levei would be -29

_ dBa. Therefore, ‘an output level of -29 dam would be ap-
 plied- in 'this cage. .

3l




HP 4glsA
Operation

g o _
‘_. . ‘6’7 Adjust the transin:i.t frequency to the reference frequency (e.g. 180’4 Hz, or the
e frequency of minimum delay) using the FREQuency hardkey.

| Vo ; 5_ 'Note

The transmitter of the HP Loks5a is automatically set to

- 1804 Hz when the envelope delay menu is accessed.
R S Note
; J
' It SF signaling units are used in the network under
: test, SF SKIP should be ON {refer to the Set Up
. Procedure).
] N . i ' I

T. Notify the normal test operator that you have completed step 6.

8. When the Normal Test operator has notified you step 10 hus been completed,
e ~ transmit the desired test frequencies using the FREQuency: hardkey or the pro-
SRR ‘gra.uuna'ble syeep, capability b
o ! \ cr |
- . :
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BP UQhSA performs the,intermodulation distortion measurement’ using the h-tona 3'
‘ftgchnique.“'Thia measurement determines the effect of line nonlinearities on the: 0
.’*?tranamitted[signal ‘The HP' h9h5A will transmit a”multifrequency signal and. measure ‘;' i
‘and' third order’ distortion products. The 'HP' h9h5A has the capability to' '~ .
Mrun a nignal—*o-noise check 'and - correct the readings: baged on ‘the results. This, op-. .
" tion 13 énabled when you select CHECK' SIGNAL in the IMD menur AR 'f=‘ S e

} XY Y . *I:

LR | R

| . To _nter the 1ntermodulation distértion menu, press "the TEST SELECT hardkey and’ then
E J\IMD/NLD softkey (#5) The following menu will appenr.h > - Ay
' ' l:“.“ll s ‘_‘. o I;T b K R . B! : :_:.-1':! \
:"“’ . Yy l‘“

HODULATION DISTORTION =|  SICHAL -

o o (S

|’_}.' l B Il’

5 "‘l.’.
cod T L . li:""i‘; ; .
5-20 The Intermodylatton Distortzon Hbasurement anu _ iﬁ““z Ly
i iv [P : ‘J "‘;‘:_ X ];‘ o ; ' : Pl : Lo |:

‘qnables w“12 second chﬂck

aignal with each prass which ig’ used tOv 7L




, Ty ' . ' N
':-I; h , ; | o ;.'.E:; . -‘ . l Lo : : ; ( g ) j -.;; - HP l‘g‘hsﬁ
Sl I . Operation
! L A NS PR J' N )
not’Used R Rt P SRR R !
T '1| t y ‘ . h ) : : I : “: | ' . ‘~. . e . . .;_» '
"._: 3 Not Uﬂed L ‘f B . b I‘-'-"i ’-;_ w\_..'_\ : ._" . :J o '
‘NOt USOd | ‘ C ] _]1\ N _‘ 3 . iy ‘ !.;‘ f k.! !
. ;;‘ . . IJ‘. -\ ;‘ I‘.".' ) . . " . ;1;; o :I. ’_' !_ .f o U L .
: 5 Hot Usad N T ! '
6 Nnt Used o TR
7. - Not Uaed it L v w 1
why r b '
. ':! Y . ]
|8.E . Not] Uﬁed ._‘"; y Il g : o 1 '
_d‘i b 5 | ‘ !' . i
General Instructions - Transmltter L B |
1 Press the TES‘I‘ SELEC'I‘ hardkey. o L
v : j ;
2 Press the IMD/NLD softkey (#5) 'I'he IMD menu will be displayed.~
. !
Adﬂust the output level to the "Data Level using the LEVEL hardkey.
: :.;‘ AR ”” o Note o .1“! .
")::. : :

: All tra.nsmission measurements should be made at Data

__,-.’5 ) Level. The. Data Leve‘l for data circuits is a power of 13
:dBbelow the Transp:.ssion Level Point (TLP). For exam-
iple. if the TLP is ;15.:dB, the Data Level Would be -29 .
'dBm.‘Therefore, an output level of -29 dBm would 'be ap-
'}:pliad 1n this case. - i i

FPY]
i

SO mll When reques‘.:ed by the receivor opera.tor, pressmthe CHECK SIGNAL softkey (#1).
‘ ..+ Thig will trunemit the check signal for 12 ‘'seconds, Each press of this key will
PR ’add an additj.onal 1" ‘seconds tu the tra.ngmission time

TR 1, s " e L : ' , R
S General lnstructlons ?Recelver ‘
SRR ¥ Press. thq 'ms'r SELECT hardkey. | ; o o 1
L -\‘i --. ;,' i ' S o R

,{ - 112. ; Press the IHD/NLD softkay (iS) JTha IMD menu will be displayed

e h. f‘f .l LS ll‘ :

3 ¥ Instruct‘ the ! tmsmitter o;perattor to aend the check signal, When this is in

L prograss the status line’! 'of .your display will read RCV CHECK SIG- (in Area 5).

When :H: is done, the message HOISE CORRECTED will appear on your. screen,. Thi.s
1'1ndicates that the data is now a.utomatically corrected fo* noisa. : ‘

o i

"':__.observe the readings on the display. Note that the 2nd and 3rd order products

‘“-".a_are displayed rin dB: relative +o the SIGNAL LEVEL. . _
. - oy . _1'\- . G o i ' !

o T '
‘-1‘ -.} h. ¥ b !
[ T '
[ ‘{} .
R
,‘.}-_ - HE .
S P " '
o Ny , ,
BT
FRITE
Wt L
N 1
1 \Ifl ) !
"’!{I.'. i A . ;




Hp );o};sa ‘ :,- ik o . \_ ' .
' Oﬂara.tion Coni s . D

| .. .! l_ . MasterISIave Operatlon e | o
;_Etl,'ha ,‘nstrument wi 11 autox;aatically alternate between the CHECK SIGNAL and the IMD 0

'I‘herefora, the CHECK SIGNAL ao:t‘tkey (#1) will be blank when in master/alave ’

l i

)/ signal.




o . . ~+ HP kghsa
- . Loy o | Operation

& | . JITTER
fQDescﬂpﬂon o Lo o o

. _ . r : i _ ,
---“The HP hghsA portoms both amplitude and phase ,jitter neasurements in three dif-
* 'ferent bandwidths. They are 20 t0:300 Hz (Bell); L to >0 Hz (Bell + Low Freguency),
.'and 4 to 20 Hz (Low Fraquency) The jitter measurements can be made  individually;
~or, uaing the measure-all feature, you'can make hoth measurenents in all three

| "ba.ndaidths sequentially Lo o b P
o To- enter the jittar menu, preas the TEST SELECT hardke;' a.nd t en the JI'I‘I‘ER soft key
(16) The following menu will appear. Y D _ _
i s o fi.\ L

[ PHRSE
JITTER C(OH)

RN

Cr0ognoghz AHPT C 0:0 % PR [ 20 300“
- U300 HzBPHASE . .0.0 DEG . :

s

?UIJHL‘

|#~L~~Ipcv‘
1094 He,
100 Hz

2 F-zgure 822, The Jitter Measurement Nenu
; o o ey | | \

"7;1 ‘”_,: ;t-I. f '3'hS




BPOMGNSA . o

i."Thia softkey ena.‘bles the amplitude jitter measurement. When .it is ON, the am-
plitude Jitter measurement w‘ll be - displayed in the selected banduidths.

2.'.; lTh:le softkey ena.‘bles the phase Jitter measurement. When it is ON, the phase
T ‘_Jitter measurement will be displayed in the selected bandwidths., _

3.. "'.I'.'his eofffkey s_e_l_ects_- jij:ter in the 20 to 300 Hz bandwidth.

.Ir.

3

h. _.:'I'hi;s.'_'e'oftkey _e:elle!c'te -Jittee'. in the y _}i:o 300 Hz‘bandwidth.

5. ?'Tl_xis _.aoftkeyv selecfe' Jitter in the U to 20 Hz Banc!l?idth. |

é. '.l’hie sofgt.k‘ey selects fhe desired Jjitter measurement in -all three ioandwidths.
7. .Not Used |

8. Not Uaed

General !nstructlons - Transmltter .
(Same_ for, both amolltude and phase jltter)

k
C

1, Press the TEST SELECT hard}fny.

2§ Prese thc JI‘I’I‘ER softkey (#6) '.I‘he Jitter menu will be dieple.yed.

RTINS
- '

R Note

The tranemi.tter of the HP ll9165A will ve automatically
S .+ - set to 1004 Hz when this menu is accesaed. No further
R ad.juetment is nee}ded here. S _ ' 1

1 T -\.

3. Adjust the_f,"’ou.tbutil,_ev_el_ o the "Data LQ&&J‘."_ using the LEVEL hardkey.

-t

e ;’r;':; L Note.
_','-All tra.nsmieaion meaeurements should 'be made at Data
~Level. The Data Level for data’ circuits is a power of 13
dB below: the’ ‘TPransmission Level Point (TLP). For exam-
o ple, if the TLP *"i-16 .48, the Data Level would be -29
-’ - aBm. Therefore, an. output .Level of -—29 dBm would be ap-
- lplied in this case. g o




A - HP Lohsa
' ’ ' - ' Operation

. General Instructlons - Receiver

1.

R

Press the TES'I‘ SELEC‘I‘ hardkey.

"Press the JITI'ER softkey (;6) ‘The Jitter menu ‘will be displayed.

‘To perfom the amplitude .jitter measurement, press softkey #1 until ON appears

in parentheses

: To. perform the phase jitter measurement, press softkey #2 until ON appears in
parentheses. : | 3

“To pen’orm the selected measurement in all three bandwidths. press the MEASURE

ALL softkey (#6) end skip to step 7.

Select the desired measurement bandwidth by pressing the appropriate softkey, #3
. (20- 300Hz), #h (b~ 300Hz) or #5 (k-20Hz).

'-‘.Observe the :]itter readings on the display. If the readings vary, take the

average.

oy .
‘«'I




U HP-MONSA T T _
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P/AR (PEAK—TO-AVERAGE RATIO) MEASUREMENT

i '~‘:;‘_.“Descrlptlon

" :"P/AR should not be used as a conclusive trcublashooting tool but only as a quick
" " ‘check.of a line’s performance. .The P/AR signa.;. is sensitive to attenuation distor-
]-tion. phase distortion tmd noisge. : ;

" To.enter. the P/AR menu, ‘press “the TEST SELECT hardkey a.nd then the P/AR aoftkey
o -'(i?) The following menu will appear.

.

UNITS

100 P-AR

~RCY TERH- -+ - i | LTI L
160 JdBm YOO 1 - s ‘I ‘ :
PHE T OHE S - l b ':4-0 dAHm : ’ :

F%gure 3-23 The PVAR Mbasurement Mbnu [

i
B
hy
‘ i
i)
Lot
!
. .. . (. . ‘| 1
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HP LQL5A
Operation
" Not Used
" Not Used -
. N«}t Used
N. ot Used |
o 5. Not Used
6. Not Used .
7. Not Used _
- 8. Not Used
g ‘i‘here are no seffkey;selegc't.ions for this measurement. A
,_General Instructlons - Transm!tter p
ﬁ?;r;_';ﬁ'u"l. Press the TEST SELECT hardkey. ' |
t - ‘;‘Hj" 2. Press the P/AR softkey (#7) The P/AR menu wi 11 be displayed
3 Ad.iust the output level to the "Da.te Level" using the uEVEL hardkey.
L Note
m i o = e : All transmission measurements should ‘be made at Data 1
VO Gy T e Level. The Data Level for data circuits is a power of 13
B N A dB below the ’J.‘ransmission Level Point: (TLP). For exam-
S RNV IR ‘ple. if the TLP is -16 dB, the Data Level would be -29
SO B KL " .- dBm.- ‘I‘herefore, ‘an output level of -29 d",m would be ap-
S P ‘ ‘ plied in this cese.-:_ : !
';Generai lnstructlons - R\\ceiver ST - SR ‘
:“ 'Pl‘ S SR i . o
T Press he TEST SELEC‘I‘ herdkey.: '
; o2 2. Press the P/AR softkey. The P/AR menu will be displayed.
IR s S ,':‘ ’>F'
l'—'_"-3 Observe *the F/AR UNITS on the display
. " . ;: el i .‘,‘:} S .. : '. PR o -
! ; ::- : “..}!J?)‘ ) ‘ . . ;‘,11 .
Ty ., ! e Vo v B
" '_.1"; ! ; ] . N PEA] t ' )
. o Pt : B 1 . i
: .',*'3‘.;‘..] ) i i o . . !.. J ‘ ) .. N ‘
J _ ) : i f3-h9. : : [

S T A A L HP 45U5A
Sy ' o . T L Lo Ope1ation
J ,‘_“;.:. 1 ; ' T . 7 . ' o ' { : o
Directldn of Test e W . - ﬁ‘

'I'hisf ’term is only a'opli‘.able when ' you are performing a measurement. Direction 'of
U et ’refers to - the direction that the. measurement is taking place. “Master-to-
AR Y Sleve ‘mieans that the Master unit will transmit the test signals and the/Slave unit
L '-rilJ. receive them and perform the measuvement. Slave-to-Haster i is ,just reversed.

Aq easy. way to ‘think about it is to. visualize the test signal moving in the direc-
tion that: is listed. "'Haster-to-Slave means that the ‘test signal is being generated
(transmitted) at the "Haster end and is being received at the “Slave" end. '

lnitial Llnk-up
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RETURN LOSS -

Descnpﬂon S A 3
The' HP h9h5A performs both 2- and h-wire return 1oss. In 2-wire return loss you have
the - capability of using an externa.l reference impedance in addition to the standard
600 and 900 chm selections. ' In M-wire return loss, there is an adjustment for
transhy'brid loss, You can perform the return loss meaurement using one of the noise
waveforms  (ERL, SRL HIGH, SRL LOW) or using a single frequency tone. To facilitate
characterizing & line, you can run a programmable frequency sweep over the band of
interest in sine wave retum loss. :

Note

This measurament is not available when operating in
o master/slave mode,

L
Y

"‘o enter ‘the retum losn menu, press the TEST SELECT hardkey and then the RETURN
Loss softkey (tS) The following menu will appear.

Voo

T09-28:83 ¢ . 10:

\ F‘ETUPH LDSS

CUIME WRVE 0.0 dB - ) SIHE WA
I : RE TUR]

) : | PROGRAH
-1004 H- 1. P , " SWEEP.




‘Thislsoftkey selects echo return loss_(ERL).

HP L9454
Operation

_ This softkey cycles through 2 WIRE, 4 0 TLP, W -16 TLP. It selects 2- or 4-

wire- and adJusts the’ levels according to the poi' t in the circuit you are test-

'fThis aoftkey selects sine wave return loss.

This aqftkey:selegts singipg retu;n'loéé - low‘(SﬁL LOH).

'ThiS'apftkey selects singiﬁé return loss - high (SRL hIGK)L

This softkey selects ERL, SRL Low,'And SRL HIGH simultaneously.

‘What is displaye& on this gsoftkey depends on whether you nave gelected 2- or L-

wire‘moda on softkey #1.

If you=are “in 2-wire mode, this key is labelled REFERENCE IMP. It sets the
reference impedance of the internal hybrid, It cycles through 600, 900 ohms and

. EXT. EXT means that you can uge an external 'reference impedance which can be
‘connected to the jacks on ‘the rear penel. = -

3 7If you are in h-wire mode, this softkey is labelled HYBRID LOSS. Ybu can enter
-,the transhybrid loss of your network using the DATA ENTRY keys.

2'|l

This’ aoftkey»is displayed with SINE WAVE return lOBB only (softkey #2). It ac-

‘fcesses the programmable frequency sweep menu.

Wb

1||l

,'3551.




HP 4ghsAY o e |
Operation ., . & N |

RS B S
- Co. ! -r" o : . A

When you select SINE WAVE (softkey #2) in the Return Loss menu, softkey #8 becomes .
‘PROGRAM SWEEP. When this is pressed the menu shown below is displayed. After set-

ting 'softkeys #2' through #6, start the -sweep by preseing softkey #1 until it reads

SHEEPIHG in paren\:heses. o o _

RN
Cd

“09-28-83 | . 10«56 AN

~ v | START-STOP
PROGRAN"SUEEP - (STOPPED)

IR USIHE UAYE . 0.0 dB . | CNONSTOP) .
o T oY | l 'SUEEP
z L - SUEEP FROH .
00z

STEP SIZE
(100 Hz

. [sTeP RAaTE |
| (SLOW) ‘

Pigure 3-24. Progmnmbls Sweep Menu for Return Loss

1. Thi.e eoftkey starts end stops the ' aweep.: It toggles between STOPPED and
S SWEEPING. ‘ _

y '

2 This eoftkey toggles 'between SINGLE and NONSTOP NONS'I‘OP allows you to con-
| tinuouely eweep.’ ' o )

D "J

31. Enter the frequency tha'c you want the sweep to ltert from.
‘l&.' Enter the frequency you want the sweep to end on.

5. Enter the step size you want between the frequencies. '

.6. ‘Select “how. fa.at you want the sweep to stup. The key cycles through gslow' (.3
3- steps/second). medium (1 etep/second), and fest (3 stepe/ gsecond).

7‘. NOt UBed | . :I . | . ‘_ “‘ a :.‘ } . ' ‘ .‘ 1
!_ . NER] ! : . N \' i ‘: \ X . : ] .

1 e s e, A ML, s, i SR iy [t im i e




HERTE

' LB; This cc;tkey will return you to the ;efurn loss menu.

ol
LI

Note

| Due to the amount of time the receiver of the HP hghbﬂ

needs to correctly reasure return loss, some points will
not be displayed when using the medium or fast sWeep
rates.

' General Instructions - 2-Wire Return Loss

HP 49LSA

Operation

Thc HP h9h5A contains an internal reciltive hybrid which is used to measure the im-
pedance mismatch of a 2-wire circuit. The internal’ hybrid is on the transmit side of

the HP BOU5A

3. Preas the RETURN LO%S softkey (#8)

Sy

f

: 1. Connect the line under‘test to the TRMT terminals.

' 2. Press tho TEST SELECT hardkey

‘h,:'Prccs‘fhe 2/4 WIRE softkey (#1) until 2 WIRE appears in parentheses.

" The Return Loss menu will be displayed.

_51"Select the approﬁriate reference. impedance by pressing REFERENCE IMP (softkey

" #7) until the desired selection appears in parentheses. If you want to use your
own reference impedance, press the softkey until EXT appears in parentheses. The
" reference impedance should be connected to. the Jacks on the rear panel of the

':

;inltrument

Note |

The 600 and 900 ohm selectiona are each in series with a

2.16 uF capacitor. R

Nofc

When using either of the internal reference impedances,

" the EXTernal reference jacks are connected in parallel
with the internal reference. This is for the purpose of.
" adding shunt capacitance (e.r. NBO - Network Build-Out

capacitance) : Ny o

I WARNING l

DO NOT place 8 dc voltage across the external reference
jccks; or a d¢ path using internal rcfsrence.

.. 3-53



HP 4obsa o
Operation. = - i

6.

7.

General lnstiuctlo'n - 4-ere'Return Loss o

1{jMConnect the TRHT end RCV terminals te the hybr;d under test.

2.

. Adjust the,ontpuﬁ.level using the LEVEL hardkey,

Note

The HP h9h5A uses the referenee impedance selected on

softkey #7 to determine the level in dBa. If you have ‘

selected the external reference impedance ontion, it ‘
- uses the impedance which was previously selected for the

trangmitter, R : :

13

‘Select the desired test'bignel by chcosing}befueen soltheys #2'through p6. If

verforming sine wave return loss, eelect 'the: measurement frcguency, using the
FREQuency hardkey. ! : :

Note )

The HP Lghsa automatically begins transmitting a 2150 Hz
tone when SINE WAVE return loss is accessed. This will
disable any echo suppreassors. on the line. Also, the H?
h9h5A has the programmable awsep capability which comes

" up on softkey #8 after SINE WAVE return loss has been
. selected., This i=s explained in the previous section,
The : return - loss readings will be diepleyed on the
,geraeen. e

]
i

‘Press the TEST SELECT hardkey |
'-Prese the RETURH LOSS aoftkey (!8) . The return loas menu will be dieplaJed

f'The HP h9h5A has two different four-wire selectior v on softkey #1. The selec-
“tions are lubelled WW-O TLP and WW-16 TLP,, Select the one which matches the

LQ transmit TLP at the point you are going to test in the circuit.

Note

f]l Hhen teeting at a -16 dBm0 TLP point, a receive TLP at
47 dBm0 is assumed, and the return loss results are ad-
Justed accordingly

TiSelect the desired test eignal by chooeing between softkeye #2 through #6. If

... performing  sine wave return’ loee. eelect the meaeurement frequency using the

FRBQuency hardkey.

i . i

CREE 354

." -1”,“ o : S ‘_,.;
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7.

T A

.81 ' Observe the readings displayed.

HP holisa
Operaticn

Note

The HP thSA automatically begins transmitting a 2150 Hz
tone when SINE WAVE return loss is accessed. This will
disable any echo suppressors-on the line. Also, the HP
N9U5A has the programmable sweep capability which comes
up on softkey #8 after. SINE WAVE return loss has been
selected. Thia is explained in the previous section.

Addust the output level using the LEVEL hardkey to the level desired in dBmO
(referenced to TLP)

If the transhybrid loss of the circuit is known, press HYBRID LOSS and enter the
appropriate value using the DATA ENTRY keys. If it isn’t knowm, short the 2-wire

‘arm of the hybrid under test. Note the reading on the display and enter this

reading as indicated above. Don’t forget to remove this short before proceeding.

'If’»you are*‘uslln'g"2 Insirument_s_to perform this measurement:

if'you are using 2 instruments to perform this test, you must set the transmit

‘level on bouth, even though only one transmitter is being used. The HP Lg4SA at

the receive side must know wha? the transmit level was in order to perform the

" return loss calculation.
o

Also, make sure the impedances on both instruments are gset to the same values'

.(otherwide you will receive erroneous readings.

If you want to run a frequency sweep. between the 2 instruments only, set up the

- -sweep function (softkey #8) on the transmitting instrurent. The receiving in-

strument should be set up for SINE WAVE return : Joss. The receiving instrument
will recognize the incoming rrequenciel and display the return loss reading

-
»




:‘;‘ meaeurements ‘even though the screen is frozen while' printing.’ Ve the printing

LS

;g,=»1. With the HP h9h5A turned OFF insert the HPriL module (hP 18165A) into one . of the Lo

i_ﬂf h Arter the PowER oN senr-cnzcx hes passzn then proceed: to'itep 5. R

) ,‘ | ' . ’ . L ‘f; oy ‘ fNote ‘ .‘-;I :-'-

”7 If your printer ig’ nlready connected to the HP IL module on your 'HP hngA, ekip to ‘ ._:iga%

’2

‘,. HPhQ’lSA)l ) § ) _ * ,. I - o . _. ',1 o o ST
-Operation “J*Z_“75TUJ“' }_ L ' .h;' PO _ e L b
e S AL T ' | T T e
HOW TO DIUMP T'HE DISPLAY TOA PRINTER USING THE OU TPUT HARDKEY o

N i l:"' i

3 H_",'

Ueing the OUTPUT hardkey, an ' image of the dieplay can bé ent to a printer. The ) J‘ﬂf

8 _only part of the screen that will not be printed.are the gocckéy selections. On: .. L

~ your printout there will be a line of *'s, and then the dieplay will be .printed
- Pollowed by another, line of *’s, While it is printing, the. word ' PRINTING will be St
- flashing at the bottom portion of the screen. 'The instrument will otill be making S

process is- finished the screen uill automatically update’ the results on: ‘the sereen. .

: IPreseing .any key on the. front. panel will stop’ the printing aotion. Aleo, beceuee _ ,-t“

~.there is not an ASCII equivalent to the up- and - down ' arrows which are displeyed oc-
cagionally, + and - 'signs will be printed in ' their pirce. Notes for sach of the e
dirferent types of printere ere contained below. ST _ ; '-("H.”- A

When using an H!- L prlnter' S £ ..'.‘,, L o , S : ', -

step 3 . b -”-:.; . f i . . AR L “ﬂk

,m'| ’ ’ B Coo - "J T

perte on the rear panél. ‘-“ R TR ‘ ‘ _ St no
: ' :ﬁ SO : o L
b . ' . .o o

.- Connect the cebles betueen the nodule and the printer.‘ S 7 .'_@f

13; Preee the LINE hutton IN to. power ON the instrument. : L L

5 Preee the SET UP hardkey.- ' SRR _ '4_ R n-=j- ”W"h £

6 Next, preee the: I/O PORT SET UP eoftkey (#h) If you plugged the module into PORT -
2. then press PORT 2-SET UP scftkey (#8), The module should now be identified at
the top of the screen.. ,

T.‘Prees I/O HODE eofthey (#1) until OUTPUT appears in parenthesee.

i

8 Configure your printer for LISTEN ALWAIS mode..h

gl

} S i
. s Uiy
i iy

v For the HP 82162A printer, hold the PRINT button and the C
' _ PAPER ADVANCE button: doun while powering on. . o

o
e

four instrument ie ‘now ready to print eny display by simply acceesing the dieplay
ﬁ(perform the measurement) nnd then preesing the OUTPUT hardke".




. i ‘ -..:? b ;"‘i:.'_, : .‘_- . . ' HP hghsﬁ P
; :wlf ._: . o ?HTI :":‘1';, . u '4; : . . Opera.tion

. ": ‘:.Q""-:‘}‘. r: S ‘ Note

;:54E?*t‘a";‘quinEe.the print buffer on the HP 821624 printer cannot
Peh ' hﬁ. hold all of the information on one line on the HP L9ksaA
it display, some of the information will wrap around and be

iprinted on the next line. i
SR ;" V. L . . } , !r

When us!ng Ian HP- IB printer: - o [ .

I he k
'|.l

If yeur printer is already connected to the HP-IB . module on your HP h9h5A then skip
Uit step 3. - _

Loy

..Hith thie HP hQHSA turned OFF, insert the HP-IB module (HP-18162A) into one of

. l

“:fArtér the POHER ON SELF CHECK has PASSED then ‘proceed to step 5.

"‘ :!’L

Prese the SET UP hardkey. _

l ’155 .6. Next, press the 'I/0 PORT SET UP softkey (#4). If you plugged the module into
‘ ' “PART 2, then press PORT 2 SET UP softkey (#B)., The module should now be iden-
tified ‘at the top of the scraen. .

Press I/O MODE softkey (#1) until OUTPUT appecrs in parentheses. The HP-IB AD-
DRESS set on softkey #2 is igncred Hhen you set the instrument into this mode

58;: Configure your printer for LISTEN ALWAYS mode. ‘

”Your instrument 8 now ready to print any display by simply accessing the display
(perform the measurement) and then pxessing the QUIPUT hardkey.
When uslng an RS 23280 prlnter.

'If your printer ie already connacted to the RS 2320 maedule on your HP h9h5A skip to
-etep 3.M‘ ,k-‘ . _

VL -I; _With the HP h9h5A turned OFF, -unh-t the RS- 23?0 module (HP- 18163A) into one of
©. - the. ports on the rear panel _ |

‘,5géﬁtc°nnect the cables between the module end the printer.
‘f'l];3.5jpmess the ann button IN to pover ON the instrument.
"[;ff #f'}After the PONER ON SELF CHECK has PASSED then proceed to step 5

5. Press the ss'r UP hardkey. =




CEeugusA | |
‘---1°pem.,ionr R

e ‘;':6.'.“"-Next. ‘press the I/O PORT SET up scftkey (#4). If you plugged the moduls ' into .
.- 'PORT 2, then press PORT 2 SET UP softkey (#8). The module should now be iden-
e ~ '3xt1fied at the $op-of ‘ths screen.x__;_ ‘ :

j;:ifT;;fPress IIO MODE . softkey (n) until OUTPUT appears in parentheses

;{fffé;f-.at up softkeys #? through T to reflect ybur situation.

iour instrument is 'mow ready to print any display by simply accessing the display
_ _(p_erfqrm the. mea_surement_) and then press the OUTPUT hardkey.
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.~ DISPLAY MESSAGES

e ‘Following ie a liet of wesaages with their explanations It is divided by the area
O R~ the dd.pley where it occurs. ‘ ; I |

ST e AREAaMESSAGES

i *REHOTE This will be displayeu in inverse video when a controller has control of
© the inetrument.‘-: ‘

.REMOTE.- WITH LOLAL LOCKOUT Thie is displayed when a controller hes control of ‘the
'instrument end the keyboard is locked out. ..

S -_.:SERVICE RBQUES‘I‘ - Refer: to cha.pter 5, 6, or T. .

;j}‘NO HOLDING TONE - In a measurement where a holding tone is used (e (-4 Jitter) , a

- loss, of" tone will cause the warning message NO HOLDING TONE to appear in inverse

LR ‘_video.w. ‘Loss. of Tone" is defined es a receive level below -hO dBm or a receive
RS .frequency thet is’ not between $35-1025 Hz.

fﬁf?':- ?iU-IHD  SIGNAL NOT RECEIVED - In the intermodulation dietortion measurement, the
‘“' receiver Wy .heck to see if a valid IMD signal is being received If not, the
above warning meseege will he displayed in inverse video.

NO MUQULE, HP-IB, RS 232 ,HP-IL - 1Ir the I/0 port set up menu, the display will
1dentiry uhat module, if eny,,ie plugged in. '

2ND ORDER DIST/NOISE < 2dB .

3RD ORDER DIST/NOISE <. 2dB °

2VD, 3RD ORDER DIST/NOISE < 2dB - These messages indicate that the distortion level
is within 2 dB of. the background noise.

HASTER/SLAVE HARNING HESSAGES - Refer to the master/elave section.

s

. AREA4MESSAGES

POWFR ON SELF-CHECK PASSED - ‘This ‘means - that the instrument has successfully com-
pleted the' power on eelf—check with no errors This mexsage will disappear after the
firet key prese._- o ‘

POWER OP SELF-CHECK FAILED - If the instrument fails power on self-check, the entire

dieplay is' blanked and ihe above message will appear with a list of the failures.
; .You mey he able to continue ueing the instrument by prescing any key. :
RECEIVBR NOT CALIBRAIED This uerning message indicates that the raceiver is not
calibratéd. The inetrument will still operate using default values. This can be
corrected - by running the celibraticn routine with no errors in the diegnostic eelf
check menu. R . .




~HP ughsa
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'LAST SET ‘UP NOT RETAINED b This indicates that there is a problem with the HP
‘hh9h5A’s nonvolatile memory. The instrument will still operate, but the set up
}parameters have ‘been reset to default values. If the problem continues, refer to
fSection 8- of the Service Hanual ' ' :

ﬂDATA ENTRY - Hhenever making a data entry, this messagu will appear in inverse
-video, This indicates that both the data entry keypad and the up/down arrow keys
are’ active. _

FREQ 'CHANGE NOT ALLOWED HERE - In certain measurements. the datinition 'of the mea-
surement defines the 'requency or frequencies used (e.g. P/AR).. In these cases, the
above warning message will be displayed w1th a warning beep if you attempt to change
“the frequency. : : . _ :

‘RANGE: XX TO XX/XX OUT CF RANGE - Nhen making a data entry, the HP h4o45A- automati-
-~ cally: displays the allowable range for that parameter. It you try to exceed this
range, the xx OUT OF RANGE indication appears with a warning beep,

:TURN DIAL TALK OFF TO EXIT - If you ere in DIAL/HOLD SET UP menu, you are nect al-
lowed to exit unless you turn DIAL TALK OFF. This is to prevent you from making a
measurement without the instrument connected to the line.

TNO I/O HODULE I” OUTPUT HODE - This indicates that the OUTPUT hardkey waa pressed,
'but an I/O module is not installed or was not set up in output mode.

.PRINTING - This occurs when data is being sent out to a printer._

The HP ‘Lohsa is equipped with g2lf- diagnostics and self-calibration capability. When
running either of these routines one of the following messages will be displayed

‘CALIBRAEING -'This message is displayed when running the calibration routine. | ,

SINGLE (or REPEATINu‘ CHECK IN PROGRES° - This message is di~played when running the
diagnostic self—check ' v

LINKING ~. PLEASE HhIT - This message indicates that it is performing the initial

”master/slave linkvo.'
17 . P

SR AREASMESSAGES
.
;SELF-CHECKS PﬁSSED/SELF CHECKS FAILED - These messages are displayed in the diag-
‘nostic self—check mode They are followed by the number of times It has . passed and/
or failed. . j;_ . : _

;RCV TERH or RCV BRDG —This indicates whether your recciver is bridged or terminated

:SF SKP This indicates that the SF (signalling frequency) SKIP is active.

:VOICE This indicates that the voice band limit function is active

?RCV (or TMT) HNTR - If the volume is on, this indicates whether you are listening to

the receiver or: the transmitter.

3-60"
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1

|
i i

 MS TO SL or SL O MS - Hhen in Master/Slave. this indicates the direction of the

“"{te,t that is selected.

§ LINKING This message will flash while the instrument is re-linking while in

ﬁjmaster/slave mode.-j . ‘ _

.fLOOPBACK - This " indicater that the slave unit is repeating the received signal 'at
tho level gelected. ‘This . only ocecurs in master/slave mode,

.. The lower two 1ines contain the current level (in dBm). frequency and terminating
impedance of both thé‘transmitter and receiver. If the handset terminals are ac-
tive on tha front panel then the message HANDSET will be displayed on the transmit-
ter line. S , ) _

-1‘ ) . . ’ . O ¢




ST MASTER/SLAVE
SRR GENERAL INFORMATION

‘j;’wnat s it7

. Haster/Slave is a method for remotely controlling a distant TIMS ueing the lines

: under . test. Haster/Slave can- only be utilized on W-wire: circuits. This technique
“.‘virtually elimxnates the need for another person at the far'end after the instrument

‘ is powered up.':Ancther direct advantage is that a separate'dial up link isn’t re-
-+ quired for communication purposes. Also, testing time iz reduced by eliminating the
y¢1"‘coordination time needed when running a test using two people. Testing can be done
.. on either pair of the four wire circuit. The "handshaking " that takes place between
P;,- the two i;etruments is transparent to the user. The details of how it actually works
L: "and how to uae *t are contained in the following sections.
MASI'ERtransmltslesttones. S
test pair '

AN\NN ——s

communication pair

SLAVE sends measured
results to MASTER for display. *

Lo : "“"""RTO-SLAVEdMOn o ’

MASTER sends commands ;
to SLAVE recuiver. !

communicatian pair

test pair .

SLAVE transmits best tones.
bLAVE TOMASTER direction,

SIS  Pigure 3-25. Master/Slave Test Set Up
fﬁff_FSK Technlque o o o

?i-;The two units cemmun;cate their infbrmation using internal loyspeed nodems. The
j?_nmodems employ a technique called frequency shift keying (FSK) to code the data
s - going over the line. They transmit 800 Hz t» represent a "space” or a 0, and 1200 Hz
7 7 to" represent a’“mar ‘or & 1. In addition a 1990 Hz pildt tone (also referred to as
“the "carrier") is used to. alert ‘the - receiving unit that FSK data is, coming. This is
'te prevent neiee from being interpreted as data. o




SR e . T | HP Y9L5A
B ' - ~ - Ope12ation

ey ; K v . . ; . , ., . . f

Dlrectlon of Test | .: o o . o

3 i . ' f )

' Thieﬂterm ie only aopli.eble when "you are performing a measurement. 'Direction'of

t\et"'refere to the. direction that the measurement is taking place. "Master-to-
: Slave” means that the Master unit will transmit the test signale and the'Slave unit

o will receive them ‘and perform the ‘measuvement. "Slave-to:-Master"' is , Just reversed,
- An easy way to think about it is to visualize the test aignal moving in the direc-

tion that is’ listed. "Master-to-Slave” means that the test signal is being generated
(transmitted) at the “Master end and is being received at the “Slave” end.

lnmai Llnk-up S S I |

} Vo v | . i,
In the initial 1ink- up, the Maeter ‘-requests identification from: the Slave. The HP
LohsA’ neede to know if it is interfacing with another HP 4954, or an HP L9U3A or HP
49uhA, so. it can configure itsel? accordingly. {(Note that Maeter/Sleve operation
‘with the: last two instruments mentioned is covered at the end of this chapter).

B Next,  the Slave . sends back the type of instrument it is and what its current

paremetere are; These parameters consist of its current level, impedances, and mea-
""surement information. During this process the  message “LINKING - PLEASE WAIT" will
be displayed on the . screen. If an error or .'r. reeponee is detected in any of the
‘above . transmiseions ‘then the process will st*?t over. ‘If .a link is not established
‘after a reasonable.length of time, then the' deesage “UNABLE TO “OMPLETE M/S LINK"

" will be _displayed. :The Maeter will continue tryxng to link until it is taken out of
: Maeter/Slave node. o : ,

Re-an ‘1°1' i”.- . f=;  o o o
'Once 1inked when an action tekee place wh:ch effecte ‘the . Sleve, a "re- lin‘" takes
place..The message "LINKING" will flash on the screen. This will happen when enter-
. 'ing a measurement, changing the Slave’ s impedances, changing the direction of test,

- ete,  When entering ‘a measurement, the Master will request the Slave -to enter a
.epeoific measurement, designate the direction of test, and will include any setup

paremeters ‘mssociated with that measurement. The Slave in turn will send back

3 whether or not it has the capability to perform the measurement (if not it will go

~into -"loopback” = mode) and its level and . frequency ranges for that measurement.
After the re~ link process ie done, the measurement takes place.

1 '
y 4

: communicatlon Pair ve Test Palr

During the link-up process, communication tekes place over both pairs as was dis-
cussed above. When perfcrming a measurement, the test is being run over one pair,
..which is referred to as the test. pair. The other pair is used for communication
between the Master and the Slave. In the Master-to-Slave direction, the Slave will

.. send back the measurement results ‘over "the communication pair. In the Slave
W ”.'-to-Me:ter direction, the Master will be sending measurement commands to the Slave
: :g over:the communice+ion peir. Communlcation is done using the FSK technique described

earlier.,. . :
Envelope Delay Dlstortlon '

' ' 1
Since the envelope delay distortion meaeurement requires four wires, it ie hendled _
1: ‘slightly different.. Following is q brief description of what takes place when in the
Ui Maeter/Slave node.-; -
S sl i T - B : ’ N ’ i !

[ con e LT T . - H : Iy
R i B DI . ’ E)
. . . X
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'Ha.'eter‘to Slave (Return Reference) '

The Haster sends en FSK eigna.l .

' -1'.requesting the Slave to per-

tw

form “a le\‘el ‘and frequency

 measurement. Next, it sends - o .
" the. envelope delay ' signal ; ' : .
' using a variable ‘frequency ! . '

g ;carr:i.er.= Lo

PR 1 rmation, perforn:s the’ dele.yi

I . The Slave performs level and frequency
o P . measurement and sends the infoxmation
= I L a— ,to the Master. Next, it shifts the

frequency carrier (1804 Hz) and sends
it back to the Master.

T P :
t . [

The Haeter receives the cur-',- SR N
by arit level and frequency, in-:i .

measurement, and ' upde.tes the

}; , rli . L [T S |
“""’j ! ‘:‘ i: b ' ) \j. : o . . .
! r/: f r“"'*'l' | .},! y N'l j Slave to Master (Forward Reference)

-

end displays the results. o R L

7-'I'he Haster uends an . FSK. signal

.frequency, it Jahculd* ‘use.

{ l
telling the bleve qhe carrier

Next, it sends  the envelcpe
‘delay signal uaing a fixed
"_frequency carrier (1801; Hz).

L : - . The Slave shifts the received
TSI modulation to the carrier
frequency requested by the
¢ Master., This signal is sent to
the Master.

i

The Master performs’ a l'evel,' T
-frequency and delay  meauure-
.ment on the incoming signal

Noie

; An FSK. eignal will be sent from the Haster unit to the
' Slave unit everytime you changerthe frequency

received modulation: to a fixed
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® .?]How To CONFIGURE THE INSTRUMENT FOR MASTER/SLAVE OPERATION
SR 'Let 8 look at how you put the ins+rument in Master/Slave mode,
First, press the SET uP hardkey to enter the Set Up menu.

PRI Notice that softkeys 16 and #7 ccatrol Haster/Slave operation. Softkey #6, which is

5 labelled HASTR/SLAME, cycles between OFF (normal operation) MASTER and SLAVE., Se-

lect the operating mode for your instrument. If you select MASTER, the initial
L\linking process will begin.‘ :

Note

To act as the slave in Master/Sluve, the unit does not

. need to be set to SLAVE. This will automatically happen

when the unit at the far end is set to MASTER. This is

: .- called. capturing the slave. This avoids the need to

i Ca . .have a person at the Slave site. You will not be able

S o o 0 to “capture” an instrument that is in calibration, self-
' - check, or 2-wire return loss mode.

’ k ) .;; S | | . Note

. v ' . “On the ‘Mas‘ter unit, all keys except the MASTER/SLAVE

~ softkey on the front panel will be locked out during
. initial link-up. ‘

Noie

. The FSK signal level will track the measurement signal

. level down to -29 dBm. Below that the FSK signel level
will remain at =-29 dBm regardless of the measurement
eignal level Hhich is set.

V'Softkey #7 toggles between, (MASTER TO SLAVE) and (SLAVE TO MASTER). This is setting

the "direction of test” as shown in figure 3-25. You should set this to the desired

.. - testing configuration. Notice that changing this setting causes the instruments to
st 0 re-link. . _ ‘ \ :

- Now, you,can proceed through the normal operating sections. This manual is organized
‘gso -that any ‘additional notes pertaining to Master/Slave operation are incliuded at
the end of aaeh section Basically, you operate the instrument Just as you would in

‘ normal operation

_'Note,

f?lfg,~bﬁ S0 " If you sre using the HP 49U5A with either an HP h9h3A or
st s 7t an HP LOWUA, then refer to the next Section for addi-
. R R ‘tional information. _

T TSI D
S g T : ,




HP L9LSA
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ﬁdst\“SST'AERISLAVE WHEN USING AN HP 4943A OR AN HP 4944A WITH THE HP

Why Is.it leferent?

Tho HP: h9!43A a.nd HP h9h1&A are the original Hewlett Packard instruments designed
.with ‘the - Master/Slave capability. Each contains only a subset of the HP LgLs5A’ s
measurements. Also, they have LED displays and their front panels have switches and
knobs. Due. to these constraints, they are unable to display error messages in plain
English (they display H codes) and some of their switches are not programmable
through Haster/Slavo operation.

What is '.'I__oopback mode"?

As mentioned before, the measurement capability js limited when using an HP 4943A or
HP LOLULA. When ‘an HP L943A or HP UOUYA is instricied to perform a function that is
beyond its’ caquilities,‘it will go into loopback mode. This means that the incoming
signal to the Slave w#ill be looped around and sent back to the master at the level
which has “een set on, the Slave unit. To get out of loopback mode, press a different
key and the instruments will re- -link. .

Conflguratlon Considerations When Master Is an HP 4943A or HP 49444 and
Slave ls an HP 4945A,

In nhis configuration the HP 494SA is limited to the capabilities of the Master.
Examples of' these limitations are: |

. Frequency and level range limitations of the HP 49h3A or HP h9hhﬂ
No amplitude jitter measurements

No automatic gain slope measurement

T oounts/sec in impulse neise

No phase h‘te. gain hits or dropouts measurements

Tha following items must be set on the HP h9h5A Slave before it is put into Master/
Slave mode .

_Transmitter ﬁnd Receiver Impedances

Transmitter and Receiver Hold Coils

‘Receiver BRIDGED or TERMINATED: Setting

The VOLUME Control

Impulse Noise Thresholds

Transmitter Level

'i ‘ 'i - ‘f" idot ' I‘ll
. ],[(\ ‘? \l H.!\\‘]\.

If the HP u§h59 transmit level is outside /the range of
e . the Hﬁ‘h9h3A ar HP U9LMA. then ‘the two. instruments will*
if@”‘;”? _ inot be able to establish a 1ink-up. L P i

; sy to -
i R 1 . i R '
: o -\
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'Dufing the initial link-up, error codes may appear momentarily. First, the error
- 'code H-01 will appear which signifies that no response was received from the Slave,
. ‘This occurs because the HP LOLSA must take time to verify that it is configured es

another HP 4943A or HP 49LLA. (depending on which unit you are using for the Master).

‘This code will disappear if everything is functioning correctly and an' other error

code may appear -momentarily if you are set up in MASTER TO SLAVE direction of test.
This may be either an H-09 or an H-10. This occurs because the HP U9U5A will not
send back test results until it has valid data. These error codes shou)d all disap-
peaf ‘and the Master/Slave operation should be no different than it would be with an
HP h9h3A or an HP L9LLA acting as the Slave. .

"uConflguration Conslderatlons When Master Is an HP 4945A and Slave is an

HP 4943A or an HP 4944A

' The following items must be set on the HP h9h3A or HP h9hhA slave unit before it is
- in Master/Slave mode'

‘ Transmitter/receiver impedance 'setting -

- Hold coils .

.Receiver BRIDGED or: TERHINATED setting - 1
Impulse noise threshold :

‘Transmitter level

.

.Note
' If the HP 49LSA transmit level is outside the range of
‘the HP L943A or HP L9U4A then the two instruments will
- not be able to establish link-up. -
DIRECTION OF TEST = MASTER TO SLAVE

You are limited to the range limitations of the HP 49U3A or HP M94MA since it is
performing the measurement (receive end).

) The receiver’s (Slave) frequency field will always be blank.

' The ‘HP 4oh5A will only display counts in the iﬁpulse noise low area since the HP

h9h3A or HP Lohha only has one threshold se..;ng (which must be set manually).

When doing the_énvelope delay measurement, you do not have the capability of per-
forming a LEVEL ZERO. This calculation must-be done manually.

If you enter a menu with a parameter set to an illegal choice then the slave will go
into 1oopback mode. Aluays set up all parameters before entering into Master/Slavo

E
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. DIRECTION OF TEST = SLAVE TO MASTER

In this configura.tion you have additional capabilities. You are limited to the
receivere capabilities. Therefore, you are able to do the following:

Amplitude jitter .

A1l 3 jitter bandwidths

Yoise- =to-ground measurement

3 level impulse noise

. Fhase hits. gain hite, and dropouts measurements

_y

YRR

MASTER/SLAVE ERROR MESSAGES
Why Do They 'Occur?'

What could cause the Haster/Sla.ve errors to occur? 'I'here may bc an operatiocnal
problem with your test set. In this case ‘you shouid run through the self-diagnostic
‘capabilities of each unit which is being used. Also, it is 'recommended that you use
the test set at transmission levels > -40 dBm and a S/N ratio > 20 4B since impaix-
ments on ‘the  lines' being used could disturb your Haster/Slave operation. Always
check your connections to ensure continuity.

H
N

Descrlptlons S
AL error moeeages (along with the equivalent H-code used by the HP Lol3i and HP
L94k)) are contained is this section. These messages are generated by the master
unit. This 5ection is organized to highlight some of the key differences between
each of the arror messages. Below is a brief: explanation of each of the areas,

When? - This refers to whether the error Hill oceur while J.inking is in progress
(LINKING is flashing on the display) or after linl.-up

Pilot 'l'one? - Thie will tell you whether you are recewing the pilot tone (1990 Hz).

Data? - Dati refere to the FSK information which is being gent between the ine sru-
ments on the communications pair. This will tell you if the error meszage is. be:lng
caused because ‘nv data ie being received by the Master from the Slave.

l
Direction qi‘ Teet? - Tl‘il is only applicable after link-up. Certain messagns are
sugeptible. to the . direction of test which was selected, This will list whether At
will;only happen when the Instrument is making a measurement in a certain direvtion
or if it oceurs: independent of the direction of test eetting. :
Problem Channel? - Occasionally you can isolate the problem to a specific channel.
'I'he channel we refer to here is the pair and the tranamitter and receiver connected
tothatpair.~~ o L _ _

Sy,
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¢ o o | ‘ o Operation
‘ . .Nc‘Answer Received From Slave (H‘-_ca)
& " When? -.Duriné_liﬁk~ﬁp or re-link only.
 Pilot tone? - Yec,
. Date.? - No.
Tirection of Tesf? - Either direction,
Problem Channel? - Either channel.
_ Additional Comments - ﬁhen you receive this message you are recciving the pilot tone
[; j. -~ back but not any data. This message is only displayed during thc linking process.
"'_'.“:‘..h\ - Da;a Errors ln Slave Response (H- 03) -‘\‘
| Hhen? - Anytime
\ Pilot Tone? - Yes.
.’ Data? - Tae data received has parity énd/or framing errors.
:  "'Direction of Test? - During Link-up - Either. After Link-up M‘- S only.
o Pro'blem Channel? - If it occurs during link-up 'l':hen either channel may ba caﬁsing a
Ao Lo _ problem. After link-up has taken place the error is heing causad
: ' S on the communications channel.
Additional Comments - In this case we are receiving data back from the slave but it
~contains parity and/or framing errors. .
| ( ‘Bad Datélllnislla'.ve' Response (H-04)
+ ' ' Whena? - Duriﬁg link-up or re-link only.
| -'?ilot:Tone? - Yes.

F]"' | '_ Data? - Yes.

. Direction of Test? - Either.

| PrcblehiChannel? - Either.
S Anditional'Ccmments - This error will occur if the master reccives a negative

"iw* ,' ucknowledge (NAK), a bad block of data, ‘or the incorrect response from the init1a1
inquiry sent 'to the slave unit.-
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. In‘*orrect Response From Slave* (H-Q‘s) S ‘ o ‘ @
| When; - During 4ink-up or re-link only -  o j I o ﬁi: o S
.: L ' : ) ;’ ""': ! . l "ljl 1 --" ! ; ‘:' ]
"Pilot Tone? - - Yes. : ‘ ‘5* o ; :

-:LJData? - It is gocd in terms of parity and framing but it is the incorrect response,
Direction of Test? - Either. |
‘Problem Channel? - Either.

.Additional Coﬁments - In this'caae, the master has requested the slave to entef a
'measurement mode and the slave did not respond correctly.

.SIave Falls To Execute COmmand* ’H -086)
~Hhen? - Durxng link-up or re- link only,

Pilot Tone? - Yes.

';Qata? - Yes. o .
"Q.Directipn’of Test? - Either. . ‘ ' .
f’roblein Channél? ' ,_ Cbmmunlcationc Channel. _ C , : | .

t

‘:f'Additional Comments - Thia. error message occurs if the master receives no response

~from, tho initial inquiry sent to the slave. L

3 '-"S_Iav’eil.-b_bpgdi Back’(H;—O?)
| Tiﬂﬁen? :‘Aftefilinkfup.
:f;;}Pi;ot Tone? ;.Yei. - f | o | ,
:_Data?:~ Slﬁva is in loqpﬁaék mode. . o
a; i Difecfion of'Tést?_- Either.

. !

. Problem ¢ Channel? - Yo.

LIW“'?:fAdd.’l.'l:ionta.l Comments -This error occurs when the master requests the slave to perform

- a measurement which is beyond its capabilities. The slave will automatically go into
"'loopback mode. This occurs.when interfacing with an. HP h9h3A or an HP LglhhA because
for their limited measurement capability,)u,r T ‘ ‘

. ; , Sy 1
::\ “ . . ; “]“!} '1: _ -, - 1
2‘“Aprlicable only if using an He h9h3A or sn HP hghha. Bro e 3 &
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Pilot Tone?' Yes:

“vu Data? - No.

'

No Data Recelved From SIave (H 09) Al S

Hhen? - After 1ink-up.:..) gf‘“.f

R g
J-l‘

i ‘_'i' - i . ‘ : Lo : . . [

by L . : ,
e g ;

Direction of Test? -M-5 only - _ : -

ti } Problem Channel? - CommunicationsLChannel.

'

Additional Comments ’=In this ¢ase, the master unit is expecting a response from the
glave but it is only receiving the pilot tone.

T Recelver Level Out of nange (K-10)

;fﬁ ) ; When? - After link-up.
! - Pilot Tone? - ‘Yes. |
: R Data? - No. o
| birection of . Test? - Either. S | | | J

“roblem Channel? - Test Channel.
! ll{‘
Additional Comments - This error ‘méans . that the instrument acting as the receiver is
: unabla to perform the measurement because the test szgnal is out of renge.

)
\ No Carrler Recelved From Slave (H 11) | '
i _ Hhen? - During link-up only. :' 2 Ly o L .
t | , Pilbt.'l‘ona? - !:IO o . | ) 'f ' - , 'I ) | |
# i " .. Data? - - - t,- 5 e ‘f: f';"f p X o »
K Jilji;: Direction of Test? - During linklup - Either.. § ‘
| Problem Pair? - Either. | ,' N " . | ' J S ') .

Additional uomments - The marter unit in this
not the correct fraquency (1990 Hz)
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© Slave Initiated M/S Link Abort (H-13) e
“=Fh9n?}‘-:hnytime. S :
__Pilqt!Tone?'?- éas;i v | | |
" Data? -:ies. -'igi'f i S ? | | L ,

Direction of Test? - Either. i
" Problem Channel? - “No. - o
o ; 1 o )
Additional Comments - This message occurs if the .slave gends an "abort” to the

‘master, This Only happens w&en the slave iz taken out of slave mode at the far end.

1

3 H )

Dropout > 1 Sec Test Aborted* (H—14)
When? - After 1ink-up.

: Pilot Tone? - Yes,
Data? - No. o . . o

‘“'Direetion of Test? - Either. ' ' : . \

Preflem Channel? - Test Channel ' !

i Additional Comments - This error will only occur when yeu are in impulse noise and
you lose the holding tone (1004 Hz). The instruments will terminate the test.

[
N .

-'-'i*PhaLse Jitter Ov'errange"" (H-15)

When? - After Link Up ') ,

Pilot Tone: - Yes. ' ;
Data?h- No. o . .
N o
Directien of Test? - Either. . ‘
) ! : . )

Prob)em Channel? = Tbst Channel

't Additional Commen%s - This message is displayed only if the HP L9LY3A is making the
. “'phase Jitte; measﬁrement and the reading is greater than 40 degrees.
M i Ao _ . ..’ {,

j S -: . :
S : . . ‘ . _ X

“'® Applicable only if using an HP 49434 or en HP L9hbA,
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-.Pilot Tone? '-l\Yes. ‘bi o

HP hghs5a
Operation

i -.—ll _};fi: :

1 _‘,;--'/,2:‘
Invalid Test Signal*=(!~i—1s). |

When? -~ After 1ink~upq‘ x‘-:
N '

Data? = .?‘ ")“ '.i i 1 }“ .: I'. I' ‘ .‘ .. ! )

. . "‘ " . ‘.
Direction of Test? -"Either{

Problen Pe.ir" Either.,

|_ ll . 1 ' ‘l

’ Additional Comments - In certain measurements the instrument is able to detect if it

is receiving the' correct test,signal These measurements are impulse noise, IMD, and

the Jitter neasurements.',\ vk
\F . 5. f.l ;' T
i Ao s N |

Unable To Complete M/S Llnk

ol

‘_’Hhen? During initial link-up or re- 1ink

.I. L. . '\‘

\:Piiqt Tone? f Puaybe Gt

3 Date?_ - ﬂaybe ,

‘DireetienfoffTest? ey Either

E
) ”Problem Channel? %= No.

' Problom Chennel?r - Either.

[

y Additional Comments - This message is displayed if the instruments are unable to

establish a link 'sfter a reasonable period of time. You may not be receiving the
pilot tone or data because of one of the other errors causing a problem,

Slave Not Cap_able‘?‘_

When? -~ After link-ﬁp;
£

_ Pilot'Tone? - 'Yes; 3A ' ‘i
Data? - "Yes.
'Direction of Test? =-. See comments below.

)

“Additional Comments - This message will occur in two situations, both when using an

HP 4943A or an EP 49LLA as a‘Slave. The first is when you are set up in the Slave-

- to-Haster dire»tion of test and’ you try to change the Slave g transmit level.

fThe other eituation Aa uhen you are. set up in the Haster to Slave direction of test
' :and you try to change the impalse noise threshold settings.

-~fﬁ* Applicable only if using an HP h9h3A or an HP hgth

L gam
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lf. Opﬁration x w ;o I ' . ' . .

“" : ! ' ll‘l . J. . ) ’ K : I
t!"\tﬁ'{l:“\h EOSE S |

s " :,:‘Sleve'Unab!e To Do. Measurement ' o .
E-'\‘ : Sh, - lll ! B
[ ' W[After link-up

St \11"'-‘:}.5.01: Tone? - Yea ‘ P - ‘ : i
k.‘..‘é' ! ,.:g ‘m” . , N ' ' ) . }
&!'”Date n;;l *iec
\| |‘}| [ :“'ir‘!“‘ a g .
" Direction'of Test? ~ BEither’
o ' J\\ Bl
i Problein Channel? - No
‘ii.,";‘ 0 f I . , .
JER |;[ b
‘;;' Additional Commente - This error occurs when the Master requests the Slave to per-
form 8 measurement which is beyond its capabilities. The Slave will not go into
loopback modeu iy

N

“-:‘--*;;fi?;:' DTMF SIGNALING CAPABILITIES

The HP h9h5A pa‘ovides Dua'l. ‘Tone Multi Frequency (DTMF) signaling. This' feature al-
- lows .touch. tone ‘Bialjngy The follouing table lists the segments and their cor-

‘ respor.ding function. | \ o _ _ ‘ J
Tt Segment o Func'tlon o y
| L’, s . 2. 2 !
- 3 3 @
] SR
' R 5
| 8 5
‘1; ; ! ) T T
1 ] ‘ ! 10 1 O
o S 11 »
5 - 12 F
3 13 Erases memory
1h Adds pause to dialing
.15 Rosumes dialing after pause
16 Dials number automatically

SR )

"To ecceee the i’eature'. enter the‘diagnostics seif check menu 'and select SEGMENT
+ . .self-check, MODE 99 Then set the segment number to SEGMENT 13 and press the START/
.S'I‘OP key _ _
L i '
o __SE@IEN‘I‘ 13 cleare out any previous number stored in the memory.. A telephone number
- of up to 50 digits can be entered in memory.: '

':f_"'Each digit ie entered 'qy selecting ‘the SEGMENT for that digit and pressing START/

STOP. 1 N /fj/ . . , .

S L DT R

""'r-“ After the entire number has been entered, select segment 16 and prees START/STOP. . _
'.l‘he number will then be- dialed eutomatica) Lo IS : _ ;

374
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o ) A controiler. ¢an b? set up in a programming loop to dial the number automatically.
R 1 "Pollowing is a sampla command that would dial the number 9- (pause)1-800-957-6543.

| g yoro :

T j e

o _ 5C399;SCU13;SC1;EXC
o R ‘ <ENDST 0> E
e S o SCL49;SC1;EXC Do
' ~ <ENDST 0> L , ‘
Schlhisci;EXC, 1 DN
"~ <ENDST 0> T ! S
SCh1;SC1;EXC !
L <ENDST 0>
S \ "\ 8CcL8;SC1;DXC
- R : <ENDST 0>
: Sch10:SCL;EXC .
"~ <ENDST 0> : o
Sch10;SC1EXC S
RIS ‘ - <ENDST 0>
RECTE T U . . sch9;scL;EXC
Lt ‘ - - . <ENDST 0>
T ST - SCL48;SC1iEXC
<ENDST 0>
SCHT;SCL:EXC _ .
_ <ENDST 0> : a }
- SCY46;SC1;EXC ‘.
<ENDST 0>

Y Y . 8ch5;SC1;EXC
3:ﬁ‘||' ; ./ ' <ENDST 0>
S _ : " SClb;SC1;EXC
e o L <ENDST 0>
o : -~ SCH3;SCL;EXC
' . ' - <ENDST 0>

AT

To dizl the number, thé controller would then send:

' §CH163;SC1LEXC
- <ENDST 0> - .
[WAIT FOR PBX RESPONSE]
SCU15;SC1;EXC _ . _
<ENDST 0> X 1
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B AN ' " HP L9u5A
B ST S .‘ , Measurement Principles

@ .. CHAPTER V. MEASUREMENT PRINCIPLES

cA INTRODUCTION
H i 'I!“' TR " S i :
“his: .section describes the principles ol all measurements made by the HP hol5A,
-.‘»-Included are explanafions of the need for tie measurements, plus tae effect of cer-
& ._tain voice channel parameters on data transmission. Block diagrams and functional
deacriptionq are provided. to- explain the HP h9~:53 input-output switching and the
-diti‘erent meaeurements that the test set make.

toavi, For. further information concerning the voico channel measurements described in this
’  section, refer to the. follywing Bell System. Technical References: PUB 41008, Analog
. Parameters Affecting Vsiceband Data Transmission - Description of parameters, and
’PUB ll1009, Trangmission Parameters Ai‘fec-rmg Volceband Data Transmission - Measuring
Lo Tachniques., These publications are '‘available from Dustrict Manager - information
B -.,‘, .‘.merica.n Telephone end ‘l‘elegraph Co. . P 0. Box 915, Florham Park New Jersey 07932.

~\* .
'-af i : i s - !

[7 R N

Y Db i JINPUT OUTPUT SWIT&'JHING S

: '-J's' Y '

;-.' K RECEIVE/TRAN»HIT JACI{S provide for interconnection oi’ the HP h9h5A to the cir-
y s." cuit under; test. ‘See . Figure h-—l The RECEIVE/T‘RANSMT 'switch provides for eelectun
f' (l'-. of. either the transmit or receive function for the left jacks’ and eimultaneous]y
AURTEE selectb the oppositen for. the Tight Jacks. Both the left:and right sets of jacks

. Western Electric 319 type Jacks 'on the 'pottcm. Either the. binding ‘posts or ‘the 310
" Jacks ma.y ‘be ueed, ,they will not n "n:ally 'be used o.t the same 'time. S

‘The hold current coil a.llows ‘the application of a 21-mA current e'ource to both the :

telephone switching equipment. Either the right or left set of Jacks may be used. for
2-wire dry eircuit, If a b-wire circuit is under test, the left jacks may be used
for either tranumit or receive, and the right set for the opposite.
|
. The tranemit and receive impedance of the HP h9h5A is selectable at 135, 600, 900,
.. or 1200 ohms (temination resistors figure 4-1),which are standard telephone circuit’
values. The impedance of the test set must be selected to match the circuit under
N test. or erroneous measurement values will be obtained , h

e _:.'The receive input may be terminated or bridged across the circuit under test. The
“;termination mode provides a rexistive termination on the receive circuit to provide
‘-‘proper loading. When a termination is provided by some other device, it is not

:" . necessary. to provide a termination. In this case the raceiver input should be ueed

i 1 1 lin the bridged mode. :

provide parallel connections. ‘the : standard five-way binding posts on top and the "

right and left set of jacks (TIP and RING connections). Tbie"ullows for tlatching of,_ |




2-1

h]
11 RESET : ATk ?
i3 20 ! ’
9 SET }"0’ °
- 6 RESET ' e
TERMINATION
I ‘
: RTL (M Bl >
 RIGHT/LEFT '
' PAIR SELECTION }
b I | bk
“ ) 7 RETURN LOSS
o , | > TIP/RING
TP >y !’ ! ?
TP , 11 RESET l T .
| T 9 SET -‘L°'—-| 13
B | 4 ~FESET o HOLD TERMINATIO '
. D, TION 1o
| — I — : CIRCUIT RESISTORS TRANSMITTER
Jwesio "‘:,\__J 1 L
1] \ ‘ >
RIGHT M >,
DIAL/TALK 7 ) :
- \ . TRANSMITTER
rd

[N |

Ficare 4-1, Input-Output Switching
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L | R HE L9U5A
: Measurement Principies

i . _ The HP l|9h5A input and ‘output: circuits are balanced to match standard telephone
) ' voice ‘channel iines. A balanced line is one that is electrically symmetrical; the
KPR . two sides of the line have equal geries resistance, series inductance, shunt
Ty capacitance, and leaka.ge to .ground. Only test sets (or other devices) with balance
Co - inputs and outputs' will operate properly when connected to a balance line. i
- To allow dialing, talking, and listening over the circuit under test, handset ter-
—.° . minale are provided for the connection of a lineman’s handset. In addition, talk
_ battery is selectable for use on dry circuits (circuits which do not incorporate a
- power source to p‘rovide direct current flow for the microphone).

SR o : DATA LEVEL

- ’l‘ranamission meaeurements on data circuits use test gignals applied a* data level
~{the standard Bell System data level is -13 dBm0). Data level is used to prevent

~ _‘ . . overload on carrier systems. Data level is a power 13 dB below the transmission
A . level point (TLP) where the tests are being made. For example, at a -16 4B TLP, the

R "'data level would be -29 dBm (-16 -13 = 29). A test power of -29 dBm would be applied

-here. At the zero transmission level point (0 TLP), the da'ba. level would be -13 dBm,
or -13 dBmO '

; LEVEL AND FREQUENCY MEASUREMENTS

'I'he level and frequency mode allows measurement of 1000 Hz loss, attenuation dil
tortion. and gain slope. These measurements def:ne the amplitude versus frequency
,:response of a voice channel. The level and frequeacy mode also allows measurement of
frequo'acy shift. F:I.gure 4-2 illustrates the basic setup for thse measurements. .

U S '~ TRANSMITTING TIMS : RECEIVING TIMS
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./ Measurement Principles

¥ 1000 Hz Lovs R |

. »- The 1000 Hz loss measurement determines the point-to-point loss (or gain) of a 1000
... Hz 'bé t ‘tone transmitted | over a voice channel. To make this measurement, a 1004 Hz .
"~ test 'frequency is transmitted at data level. At the receiving TIMS, th e received
power is me_asurad-(in dBm) and substracted from the transmitted level to determine’
1000 Hz loss {in aB). =~ S ' o

" The transmitted frequency is actually 100%'Hz (not 1000 Hz), to preveht meadurement
. errors which would dccur over T-carrier systems. This 4 Hz offset avoids measurement
arrors caused by test frequencies which are submultiples of the T-carrieer sampling
~ rate. This measurement error is not representatiys of actual conditions which are
- -present Vhen multiplfrequency signals like volce 2.id Cata are transmitted over voice
' chennels. : o ' k

The décurac'y. of the reccived power measurement depends on the tolerance of the
o receiving end resistive termination. A terminating resistance of 0.1 percent

~ tolerance is required to assure  accurate measurements. Therefore, received level
- measurments should-gengi;:‘all:y be made using the HP LYLSA internal termination.

A switch-selectable 60 Hz high-pass receiving filter is provided for use with the

level and frequency measurements. The 60-Hz filter is used to detect and remove ex-

cessive 60 Hz interference. The filter has an attenuation characteristic greater

L th’ag '20-;13 at A0 Kz, and a- k-dB attenuation characteristic at 180 Hz (3rd harmonic
of 60-Bz). ' . ' ' : ' s !

. Frequencyshtt | ®

The frequen.y shift measurement checks for any difference in the received frequency
“with’ referénce to the transmitted frequency (frequency transiation) as caused by,
" carrier facilities. To ‘make this measurement, a test tone of known frequency )}:!.a

' trensmittel. At the receiving end, the received frequency is observed and compnzed
. 'with the transmitted frequency. Any difference between transmitted and recelyed
. frequencies indicates a frequency shift in the test signal. This measurement is, not
 valid when on looped around carrier facilitiss, since the frequency ghift in ‘ohe
direction (near-end to far-end) may be cancelled by the frequency shift in the other

_ ' direction (far-end to near-end) .

Tyl ~ GAIN SLOPE/
", This is a measurement of the loss of received level versus frequency. Gain slope is
4. ‘the measurement of the received level at 404 Hz, 1004 Hz, and 2804 Hz. Gain slope is:
. ‘calculated by taking the difference between levels at 2804 Hz and 1004 Hz, This
‘measurement . determines the usable ‘bandwidth ~of the voice . channel. To make this

: messurement the transmitter sutomatically steps through 1004 Hz, 404 Hz, and 280k Hz

" ‘at 2 seconds per step. The frequency receivsd must be within + or -26 Hz in order to

e displayed on the CRT. | |

;’;;Th_".;.';_ggi@-gldpe or'rela.'i:.;#e loss will"th'en be displayed after the 100k Hz reference

48 ‘measured. The loss at LoL Hz and 2804 Hz will be displayed once all three
frqqi;ex;_qiqs have been received. The ga._:ln'_slope measurement runs: continously. o

o . .
. ."ud\ - I.

)

b
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4

i The SF. (single-i‘requenoy) SKIP, setup softkey is provided to automatically prevent:

the test set from. transmitting frequencies within the range of 2450 Hz to 2750 Hz.

p Ihis feature is used to prevent lozs of voice channel connection when transmitting
-over a dial-up network incorporating single frequency signaling units.

NOISE MEASUREMENTS

S

"I'he noise measurements determine the interfering effects of background noise ‘and
 tones. Figl..re 4-3 illustrates the basic setup for ‘these measurements, :

“-Nolse '

o 'I'he message circuit noise mode measures the noise present on a voice channel, which

'has a quiet termination on one cnd (supplied by transmitting TIMS) and 'a weighted

.measuring.. device on the other end (received TIMS). The quiet termination is a -
simple resistive termination on ihio wire pair and the transmitter is off,

At the measurement end of the voice channel a cho.ce of frequency weighting filters

.is available. The filters that can be selected are; C-messago, 3-kHz flat, 15-kHz
*. flat, 50 Kbit, or program(sce figures L-4 thru 4-8). The required measurement range
., for noise is a function of the type of filter selected. Table U-1 list the filter

" noise range. The C-message filter allows measurement of oniy those noise signals ,

that are of annoyance to the “typical” subscriber of standard telephone service. The

- C-message weighting is also used to evaluate the effects of noise on voice grade

data “circuits. The C-weighting is valid for data transmission since the response
characteristic is relatively flat over most of the frequency range of concern for

_ ,;-data transmission (600 to 3000 Hz)

Table 4-1. Pilter Noise Ranges

Filter Noise (dBrn) | Noise-to-Ground
. A . , . . (dBm)

C-message : 10 %o 90 | - ho to 130

- 3-k¥z Flat - 10 to 90 4 to 130

15-kHz Flat Y 10 to 90 ‘ ' .

C-notched noise 10 to 90
. S0 Kbit - - {10 to 90
(13'5 ohm impedsnce) S

b
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The .} program filter ‘ia uead for weighted measuremente of noiee on program circuits
“that have bandwidthe up to approximately 8 kHz. It is not used on voice message
circuite. : _ p _ \

The 15-kHz flat f.llter is used when .ao.king unweighted measurements of noise on pro-
.gram circuite. It is 8 _15-kHz, low paas rilter and it is not ordinarily used on

voice meesage circuits .

Recei.ved no:lse levele are disple.yed in u.n:lta of dBrn, (dB with respect to noise where
0 dBrn=-90 dB:r.) For _example, & noise reading of 20 dBrn has an RMS power of -70
With %he C-nessage filter selected, displayed readings are
-interpreted .as being in units of dBrnC (noiae level in dBrn uith a c—meseage

“dBrn’ (20- -90 \'= -"'0}

weighted meaeuring device)

S:lngle frequency .nterrerence refers to unwanted steady tones which may appear on
voice channels. Oﬂcassional burst of low level tones which may occur from crosstalk
Jof: lnultifrequency signaling, for example, ‘de. not fall in this; category. Single
\frequency tones may - interfere with certain data signals, particulerly narrowband
eignals whi"h are multiplexed onto a vo:lce'ba.nd ‘channel,

‘I‘he SO-Kbit filter :la uaed to measure noiee on facilities using up to 56 Kbit data
eervice. The filfere e:co uged on wideband da.ta. circuits at an |impedance of 135 ohms.

‘ _ S _
'I.’he 3-kHz fla.t ?ilter hes 8. *esponse that provides much less attenuation to the low
‘frequencies (60 :Hz to 500 Hz) than tha C-message filter. By comparing a 3-kHz flat
‘noise measurement to 'a C-message noise measurement, the relative influence of low
f:;‘equency noiee (60—Hz com.mercial power, 20 Hz ring,etc ) can be determined,

. Ilu

r

B .'rigizz-e 4-3. Nessage Gircuit Keise Measurement

[
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}

A simpla audio monitoring arrangenlent will usually detect this interference, since

tones exceeding acceptable levels are easily heard if the C-message noise is within
limits. The single frequency interference check is made with the set up as showm, in
Figure 4-3, After the receiver noisc signal passes through the C-message filter, tle
resultant signal is applied to. the line monitor speaker. The TIMS operator listens
for 'any predominant tone, vhich muy indicate a single frequency interference
problem. _ '.

If a single frequency tone (or tenes) of long duration is heard, single frequoncy
interference may he prasent and should be measured. To precisely determine the

'frequency and level of the interfering tone, a frequency selective, volimeter or

spectrum analyzer must be used. The requirement for single frequency interference is

- that, when measured through a C-message filter, it will be at least 3 dB below C-
‘message noise limits. w ‘ ;

il
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No'lse—with-Tone '

: .
H

'Ihe noiee-with-tone mode ‘allows measurement of eignal -to-noise ratio. The noise
‘with-tone measurement is used to condition compandors and quantizers in the *rans-
mission system to their normal operating levels for continuous data signals. There-

sfore.‘ noise levels a.re received which duplicate levels present under operating
\conditions. A o I ‘ : S
S . l . | i |
o To make this measurement, a'1004-Hz test frequency ‘(holding tone) is transmitted at
-7 data level. At the receiving TIMS, the 100%-Hz holding tone is selectively attenu-
ated by >50.dB using a notch filter {all frequencies between 995 Hz and 1025 Hz are
attenuated oy >50 dB). The remaining received signal (noise) is passed through one
ef the weighting filters for measurement. The received noise level is displayed in

units of dBrn. E‘igure h 9 illustrates the notch filter characteristic.

!

B

I

Signal-To-Nolse Ratlo

vil - the noise-with-tone level with the holding tone level. This measurement is donef'_
R automa.tically by the HP 4QUSA. Pressing the SIGNAL-TO-NOISE softkey will display the
- signa.l-to-noiae ratio. , .
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ﬂC‘ISE TO GROUND MEASUREMENT

" The noiee 1o ground moc{e allews measurements of the longitudinal noise present on a

voice channel, with r ference to ground. The tranemitting TIMS provides a quiet
termination at one erﬁl of the voice channel and the receiving TIMS provides a
freguency - weighted filter and detector at the other end. The basic measurement
technique for the m:i7 e 'to ground measurement is very similar to the missage cir-

" cuit noise! measurement. The main difference lies in the use of a ground relerence.
" Figure 4-10 illustra es thia difference. -

'_Noise to ground mMeasurements nre usually .made for troub.;eshooting purposes and to
" measure the magnitu e of longitudinal signals, which may indicate the susceptibility
‘ of a cable pair to electricnl coupling from external sources.

|
t

sured noise to ground (Ng) value'ﬁ'om the measured message circuit noise (Nm) value.
it is recommended /that bcth message circuit noise and noise to ground be measured

: The relative line Flanceof an end Joop can be calculated by substracting the mea-

-with the 3-kHz flet maighted filter to include the effects ol power line relited

noise. o .
. : : . . :
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i TRANSIENTS MEASUREMENTS

The 3-level impulse noise, hits and dropouts mode measures the interfering effects
of t:anSientéjphenomena. These transient phenomena can cause data transmission er-
rors and interruptions to data communication systems. This measuvrement mode allows
gimultaneous detemination of: impluse noise counts at three different thresholds,
phase hit counts,gain hit counts, and dropout count. The simultaneous measurement cf
these transient phenomena allows the HP 4y4SA to reliably differentiate between each
of them. . . : - : : !

impulse Nolse

_ Impulse noise is that component of the received noise signal which is much greater
in amplitude than the normal peaks of the message circuit noise, and that occurs as
short duration epikes or burst of energy. Studies by Bell Telephone Laboratories
‘have shown that the impluse noise spikes have duration of less than one millisecond,
and that all significant effucts of the noise spikes disappear within four mil-

 liseconds. Waveform (b) in Figure 4-11. illustrates a received holding tone (or test
signal) that includes interfering impulse noise spikes. The impluse noise measure-

ment allows determination of impluse noise count on a voice channel, given =a
specified measurement yeriod (all are selectable on the HP LU9U5A).

'Cuétbmers:initiating and terminating calls cause relays and switches to operate and
‘release, giving rise to impulse noice <from the associated electrical transients.
Normal installation and repair activies also introduce impluse noise. ‘

“Inpulse noise affects dataitfansmissidn by caﬁsing the loss of the information sig-

" ual which results in errors. In slow data rate syscems few errors occur due to im-
pluse noise because the receiving device can distinguish a data pluse from an im-
pluse noise pluse. As the data rate 'of a system increases, it becomes more difficult
‘for the receiving device to distinguish the data pulse from the noise; resulting in
. impluse noise caused errors. _ ' R :

i

Phase Hits, 'Ga'ln'_l'-illtsf and Dropouts

A phase hit iz a sudden change (increase or decrease) in the received signal phase
g(or frequency). Phase hits may be as small as tenths of a degree or as large as 360
" degrees. The phase of ‘the received signal may retwrn to its original value in a

short time, or it Way remain indefinitely at a changed value. Waveform (c) in figure
- 1-11 illustrates a'received holding tone that includes interfering phase hits. :

Some of ‘the more common causes of phase hits (and zlso gain hits and dropouts) are

automatic switching to standby facilities or ca:rier supplies, patching out working
- facilities to ' perform maintenance, and noise transients coupled into carrier
frequency sources. . . R ' : ' '

 Two - common - modulation techniques used by data’ modems are pyhase and frequency

"modulation. Phase hits create errors by appearing’ like information carried by data

' -signal. For example, in a:system using an 8-phase modulation technique (45 degrees

: bgt#éeﬁrstatés); frequent 25-degree phive hits would make it vory diffcult for the’

,%rqgeiving;;ﬁodgm'to distinguish betweepn the interfering phase kits and the phase
‘modulation; resuvlting in phase hits cauJ:d errors. _ e . .
e T b S .
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-.;;e; A .gain hit is ‘a sudden change (increase or dec'reﬁaé) ‘in the received signal level.
: ‘dain hits can.be less than a dB or as large as several dBs, The level of the
}ga{‘ . received signal can return to its orginal value in a short time, or it can remain
“1h ' indefinitely at the changed valite. Waveform (d) in Figuro 4-11 illistrates received
A =holding tone that 1nc1udea interfering gain hits.

SN ﬁmplitude modulation of a carrier Bignal is anothor common technique used by modems
to transmit data. Becauae the information is contained. in the level of the signal,
‘gain hits can appear like the informatlion carrier by the data lignal resulting in
Jgain hit caused errors.

A dropout is a sudden drop in recieived signal level (>12 dB). 1:.ring'a dropout, the
S ‘signal often becomes undetectuble. Some dropouts are difficult %o observe because
{ o the background noise can rise to o level near the orginal signal level. The level
" .. of the received signal can return to its orginal vslue in a short time or remain
Sl undetoctable indefinitely. Waveform(e) in figure L4-11- illustrates a received nolding
e “tone that includes interfering dropouts.
§Uo 0 A1 communication crease during a dropout and data can be lost. The receiving mode
}ﬁ_ﬁ o muﬂtfre-reference itself to the signal before data communication can resume. Most
4 4 ' modems can track the received’ signal to a level as low a 12 dB balow their normal
;fiq W*'-sx“receiving powar. Beyond 12 dB the information signal is considered lost.
[ .

.‘ i} “, ‘ \‘ ’ . . IJ’!‘.
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~ Simultaneous Measurement offimbuise'Nolse, Hits and Dropouts

The relationship betﬁeen each of the transient disturbances is summerized in tvble

. 42, The best way to distinguish impulse noise from dropouts is the 4 ms maxinum
duration of the impulse noise. Phase hits can be distinguished from gain hits and

drorouts because phase hits cause change in phase. Dropouts have to be distinguished
from:gain hits by definition, since dropouts are a special case of gain hits. Table
4-3 summarizes the measurement definitions necessary for implementiug a practical
measuring instrument. ' E

‘The information needed about each disturbance is how often they occur., The measuring

instrument is required to total each disturbances over a specified time. The nominal

‘count rate for electromechanical counters is 7 counts per second, with a blanking

interval of 143 milliseconds. The nominal fast counting rate is 100 counts per
second with a blanking interval of 10 milliseconds. All of the transients can oc-
cur at any time because they are caused by random sources. They can also occur in
clusters with only a few milliseconds between each impulse noise spike.

' Because not all di;turbéncea are of sufficient magnitude to cause data rommunication
~ problems, it is. necessary to be able to set thresholds that will discriminate
"against small disturbances. The thresholds in the HP L4oL4SA are adjustable so that

measurements can be made a% different test level points; and also so that the test
gset can be nade to be suscnﬁtible to certain disturbances depending on the effect
those disturbances have on current data communications.

This test set is ‘dapable.of identifying all four disturbances simultaneously. Each

' i« counted individually as shown in Figure 4-12.

i
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I‘able 4—3. Transient Phenama Swmm-y

DISTURBANCE | SIGNAL RELATED | CHARACTERISTIC DURATION
- Impulse roise No Level and Phase <0.lms to' 4ms .
Phase hit Yes Phase <0.1lms to >hours
Galn 'hit Yes Level <0.1ms to >hours
Dropout Yes Level YR 1ms to >hours
Table 4-3. Measurement Definitions
'DISTURBANCE SIGNAL RELATION DURATION

Irhpulse:nolse Level chahge not related to signal Less than 4ms

Phase hit Phase change to the signal Greater than 4ms
Galn hit Level change to the signal Greater than 4ms
Oropout Decrease in signal level of 12 dB Greater than 4ms
y
EVENT CANDIDATES '
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Pigure 4-12. Inlpulse Noise, Hf.ts, and Dropou’t'.s-
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B ;} el JTTER MEASUREMENTS
I ; Ha TR Do ) .

% Pl'aase Jltter :
l e ll : ' : ’

‘"‘A )i Ihe phmse Jitter mode allows measurement of the peak-to-peak phase deviation of a
i ﬁﬁn a.,kl LOOM Hz holding tone on a voice channel, Phase jitter is unwanted phase (or
oy 4 h; frequehcy) modulation that a signal may pick up as ‘it traverses a communication

i v,ﬁ_,.channel.:

"?5&1 b Phase jitter has an insignificant effect on voice transmission, however phase Jjitter
I S can cseriously affect data transmission. Phase jitter is especially interfering to
" data communications systems that use phase modulation as the transmission scheme. If
M ' large phase variations occur, one data pulse can occupy the allotted time slot of
il ' another pulse (intersymbol interference), causing an error to occur. Figure 4-13a
s ‘ illustrates the affect of phase jitter on a reference holdling tome.

- Differe;t rourcas cause the instantanc s phase of a signal to jitter at rates nor-
mally less than 300 Hz. Phase jitter i. typically caused by ripple 'in the dc power
supply of the master oscillator of long haul carriers. Some phase jititer can also

. occur in short haul systems form incomplete filtering of image sidebands. The most
commonly found frequency components of phase jitter are 20 Hz (ringing current), 60

" Hz (commerical power), and the harmonics of these. A bandwidth of about 800 Hz cen-
tered about a carrier near 1 kHz will recover the major suspected phase jitter

without incurring large amounts of uncorrelated interference.
4 ' 'To measure phase jitter, a 1004-Hz holding tone is transmitted at data level. At the
. regeiving end of the voice channel is the test set configured to measure phase
jitter. Figure U-ila illustrates the receiving TIMS functional configuration. The
#7777 received signal passes through the 600 to 1400 Hz band-pass filter. This filter re-
10 7 duces .the effective measurement bandwidth to approximately one-fourth the total
B n‘channel width, centered on the test tone frequency. This in turn reduces the effecte

‘of‘néise and other interference on hte' jitter measurement.

" The . phasa-locked lon will not fbllow fast phase changes that occur at a rate

- greater than 20 Hz. The slow response amplifier will not react fast encugh to change
“the oscillator frequency to match the received frequency. Fast phace change will
cause an error to be generated by the phase detector.

ST The error signal appearing after the 30G-Hz low-pass filter is limited in frequency

b0 .- between 20 Hz and 300 Hz. This pass band is a Bell Standard and includes the phase

jo%l - jitter -interference caused by 20-Hz ringing and 60-Hz power, plus their first

©l. 7 several harmonics. Phase jitter components rarely occur above 300 Ez. When they do,

SE ._;they ‘are normally accompanied by large amounts of jitter below 300 Hz, which allows
C detection by the HP hﬂh5A

" In addition to the Bell Standard, 20-to 300-Hz band, the HP MOMSA also measures
. ‘phase jitter in the low frequeney(LF) 4- to 20-Hz band and in the Bell Standard plus
' -.;LF b- to 300- Hz.

e ’Amplltude Jitter |

'r”Amplitude jitter is the aummation of incidental amplitude modulation and the effects
~ of interference and noise. Amplitude jitter is measured by examining amplitude dis-
--;”?turbances on a 100k Hz test tone. Figure h -13b shows the effects of amplitude jitter
" on the IOOR-Hz. o '

--h-17 N
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The most. commonly found sl zna.-frequency components of amplitude Jitter are 20 Hz
(ringing), 60 Hz (commerical power), and their second through fifth harmonics. A
bandwidth of about 600 Hz centered about a carrier near 1 kHz will recover the major
suspected amplitude Jitter without incurring large amounts of uncorrelated
interference.

Because group delay distortion of a channel can cause amplitude jitter to be created
from phase jitter, and vice versa, amplitude jitter should be measured in conjunc-
tion with phase jitter. Also noise can cause what would appear to be amplitude jit-
ter, so a C-notch weighted noise measurement should always be made in conjunction
with amplituda Jitter measurements. '

Amplitudo Jitter is meaaured in the Bell standard 20 to 300 Hz band, the low

frequency (LF) 4-20 Hz band and in the Bell standard plus LF 4 to 300 Hz band Fig-
ure 4-1khb shows the functional configuration of amplitude jitter measuraments.

4-18
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(b) Bffects of amplitude jitter on 1004-Hz holding tone
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ENVELOPE DELAY MEASURMENT '

!'The envelope delay mode allows measurement of the linearity of the phase versus
’ frequem.y of a voice channal. !

Phase information has an insignificant effect on voice transmission, but  can
seriously affect data transmission. At data transmission greater then 2400 bits per
second, over a voice channel without proper delay compensation, the data bhits tend

to smear out in 'time and overlap each other causing inter symbol interference which
~ produces errors. _ —

An ideal circuit which has a linear . phase shift characteristic will produce a

: straight line slope (a linear relationship between a change in frequency and a

cooresponding change in phase) as shown in Figure Y4-15a. The practical circuit is
never ideal and will preduce a nonlinear phase shift characteristic (phase distor-
tion) as showm in Figure 4-15b, S -

.Conventional neasurement techniques make it difficult to measure the phase charac-

teristic of a transmission system, because a phase reference is difficult to es-

" tablish at the receiving end of the circuit. It is possible however, to measure
. relative phase shift at the receiving end using the envelope delay measurement

technique. This technique makes it possible to measure the envelope delay distortion
of a voice channel, which provides a relative measure of the phase linearity {or

--_nonlinee.rity) of the circuit.

“*Relatlng Phase Shitt to Envelope Delay

Amplitude modulati.ng ‘a low frequency gine wave (fm) onto a carrier frequency (fc)
produces an amplitude modulated (am) signal as shown by waveforms (a), (b), and (¢)

: - in Figure 4-16. The envelope of the AM signal is the outline (or shape) of the peak
*  exeursions of the modulated signal as shown in waveform (d) of Figure L4-16. The AM
process produces a signal whose spectrum consist of the carrier frequency plus an

upper sideband (fc+ fm) and a lower sideband (fc-FM). Figure 4-17 illustrates this

relationship. Since the upper rideband is of a higher frequency than the carrier, it
undergoes a greater phase shift than the carrier; since the lower sideband is of a

lower frequency, it undergoes less phase shift.

i 720° - 7200
: :
§ g
= :
. B 3 gf
2 i
0° T 0°
300 ' 1800 3000 300 1800 3000
" Frequancy (Hz} 1 . Frequency (HI

. {8} Ideal Linear Phase Characteristic 1 {b} Practicat Nonlinear Phase Characterissc

e Pigure ¢-15 . Phase Versus Frequency Relatiorship
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. : ,‘ If the AM eignal is passed through a circuit havingla phaeel ehift characteristic .
 'which iacreasee. 1ineerity with frequency. (tigure k- 15), the envelope of the AM sig-
" 'nal experiences a shift in time (or delay) as showm in waveforms (d) and (e) of
_Figure k-16. This occurs beeeuee thq lower sideband experiences less phase shift
. than the. carrier, while’ the upper sideband encounters more. The net result of these
phase shifts is that the modulation envelope is shifted in phase (or delayed) whor
traversing a transmission medium. -

The amcunt of envelope delay is related to the difference in phase between the two

- gidebands. If the phase versus frequency characteristic of the transmission medium -
‘is linear, then any carrier. frequency used (with a fixed modulation frequency) will
produce’ a constant envelope delay value. Plots (a) and {(b) in Figure } -18 illus-
trates this relationship. Bowever, if the phase versus frequency characteristic is
nonlinear, then the different carrier frequencies will produce different values.
Plots (c) and (d) in Figure 4-18 illustrate this relationship. When different values -
of envelope delay occur, the difference between delay values at two different car- -
rier frequencies is termed envelope delay distortion . : _

1 iy I . - '
-

' Envelope Delay Dlstortlon Measurement .

. To: meke this meesurement, two TIMS are used in the configuration showm in Figure 4-

- 19. The TIMS normal test set transmits a test signal over the voice channel under

' ‘test to the TIMS repeat test set. The repeat set responds, by transmitting envelone

TR delny information back to the normal set over the return reference voice channel!

. ' The normal set compares its received signal with its transmitted signal to determine. =
Lt _envelope delay distortion values.

" The normal gset transmits en amplitude modulated’ test signal conaisting of & various
o frequency carrier (300-to 6500l4-Hz) and a fixed modulation frequency (83 1/3 Hz).
. The carrier frequency is varied over the band of interest, usually in 100 Hz steps. -
s The test signal traverses the voice channel under test and is received by the repeat
. get, The receiver of the repeat set amplitude demodulates the incoming test signal
L "~ to produce the AM envelope. Changing the carrier fraquency as mentioned above will _
.| result in a change in the delay of the 83 1/3 Hz envelope at the repeat set, if
R " envelope distortior exists. The envelope delay values received at the repeat set _
- ' _'must now be trasmmitted back to the normal set without the introduction of a chang-
KA ing envelope delay, as would be introduced by changing the return reference carrier -
- frequency. -

]
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te-Im | fc+fm

P
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. Pigure 4-17. AM signal frequency spectrum
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In the repret set, the demodulated AM sisgnal is used to amplitude modulate the fixed
:frequency carrier that is transmitted b.ck to the normal set, The carrier oscillator
in the repeat set remains fixed at one frequency during the envelope delay measure-
ment.The carrier. frequency is usaally ge’2cted at midnand (normally 1800 Hz) because
envelope . delay - characteristic are fairly constant and attenuation distortion
characteristics are fairly flat. Because a constant return reference -carrier
frequency is used by the repeat Zet, there will be no envelope delay distortion en-
countered. by the return signal (altneugh there will be a fixed envelope delay).
Therefore, the envelope delay value received at the normal set will represent the
envelope. delay value received at the repoat set, plus the constant envelope deley of
.the return rererence channel.

‘The‘receiver of the normal a~t amplitude demodulates the incoming return reference
gsignal. The phase of the incoming return reference envelope is then compared to the
original 83 1/3 Hz oscillator signal to determine the difference in phase (envelope
delay) between the two e;gnals. _

To jmeasure the change in envelope delay from the normal set to the repeat set (with
a change in carrier frequency), .a deluy zero contrel is used to "zero ou%" the
envelope delay of the entire measurement loop. The,delay zero control sets the phase
difference {(or envolope delay) between the 83 1/3 Hz oscillator and the demodulated
return reference envelepe to zero was set. By changing the normal set carrier
frequency from.the;, delay zero reference value, the only changing envelope delay

‘(envelope 'delay dietortiion) occuring in the measurement locp is that incurred by

the test eignnl traversing the voice channel under test.

'.

The delay Zero functicn is ueually implemented at a normal get carrier frequency ef
around 1800 Hz. ‘For some testc it is convenient to set en arbiirary zero and vary

the test. frequency while looking for the largest negativé envelope dolay value. By
gsetting a new zero value at this frequency of minimum dflay. all other envelope de-
lay measurements {on the channel under test) will havn positlve values of power line
releted noiee., :

INTERMODULATION DISTORTION M?:ASUREMENT

The}intermcduletion distortion mode allows measurement of the second and third order '
pairs transmitted over a voice

intermodulation distortion products of twc test . tone
channel. The test. tone pairs are selected to closely approximate the nonlinear
distortion propertiee sncountered by data eignals' to minimize the effects of chan-
nel roll-off phase jitier, frequency translation; and to avoid inaccurate readings
on PCM’ carrier systems. Figure 4-20 illustrnted the epectrun of the tranamitted
ermodulation dintortien test signal.
i !

Intermodulation diatcrtion is the generation cf new signal components not present in
the ‘original -transmitted signal. This usually/heppens when a channel’s loss in
nonlinear with respect ‘to, input level. The main cause of nonlinear distortion are
electronic devices such as nodulntore, demoduledors, compandors, and amplifiers.
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ﬁ?;“V”WithFa‘single,ffequency-(fl) applied to the input of a no~linear device, the non-
' -linear distortion appears as harmonics of the' input frequency, such as 2f1, 3fl,
© '4fl, ete. Thie type of dietortion is termed "harmonic distortion”. With a multiple
“".. frequency signal (fl and F2) applied to the device input, the nonlinear distortion
. - appears as harmonics of the individual input frequencies plvs intermodulation (or
. " mixing) products of the input frequencies, as ‘listed in Table 4-4. This type of

Y distortion ie. termed "intermodulation distortion” or "nonlinear distortion”, aund is

L ! T . . ¥ . :
KIS tye type megaured by the HP 49h5h.
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_ _‘.'I.‘ablo‘ l&-’-h shows the hamooios of a multiple frequency signal (f1 and £2).

1
b

Table 4-2. Harmonics and Intermoduation Products of a .
Multzple Frequency Szgnal (f1 and f2)

]
1

TYPEOF . +* OUTPUT DISTORTION ‘ _ '
DISTORTION THRU THE THIRD ORDER .
| Harmonics | 2y, 3ty, 25, 3t
Intermodulation £y 46y fo- f, 2y +1,,
Products ' | 2 =1y 2+t 2y fy
| Lo ‘ .

i v

' Intemodulation distortion and harmonic distortion measuremont techniques will yield
the sa.tno value for second and third order distortior in the simple case involving
~only one gource of distortion However, with a telephone cham&el there are normally
/‘multiple surces of distortion joined together by linear networks' yrith delay distor- - Q
- %iom. 'This creates measurament problems in obtaining valid distortion values. Bell '
‘‘Telephone La‘boratory studies have shown that the intermodulation: distortion tech-

j :nique is leas auscoptible to these measurement p oblems. ’ .

P !

" The check signa]. provis:l.on is included in, tho HP '491l'5A to pemit correction of error

.. cauged” by the presence of high background noise, an interforring tone, or T- carrier

i ‘quantizing noise. Whep the CHECK SIGNAL softkey is prezsed the necond tone pair
. shown- in Figure 4-20 (sig centered at 1380 Hz) is suppressed, and the lower tone pair
R 1 3 doublod in ‘power. This. allowe the channel to te checked with a test signal of

" the 'same 'power, . Without the two tone pairs being generated, the intermcdulation

;"fﬂ.process. (as’ measurod by the HP 4O45A) does not occur. The receiving TIMS looks for

tne second and third order preducts, but since these are not present, the moanured_ .
recoived ‘gignals consist of noise. The second and third order products as reasured .
'with the twc tone pairs may then be corraoted accordingly to achieve accurzte
values.. o . .

l

I _ TR i . .
S ‘ B ) ¥y ‘. ..“,'-. i : n

PEAK TO AVERAGE RATIO MEASUREMENT

" The peak-to a.vorago ratio (P/AR) mode allows ' maasuroment of the channel diaporsion
’(sproading 4in time of signal amplitude) due to transmission imperfections. The test
‘ ,/z signai has a peak-to-a.vnrage ratio and a spectral content that approximates s data

!

signal. ‘A8 the: ‘P/AR signal traverses a disporsive medium, the peak-to-average ratio
w:.ll deteriora.te. Then by meaaur.’u:g the peak- to-average: rati.o at the receiving end,
A sinplo measure - of dispersion is obtained. Figure 4-21 illustrates the frequency
apactrum of ‘the transmitted P/AR test aignal, and Figure la -22 illustra.tes tho signal
onvelopa. :? PR \ U

. . : L t
i . . .
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The P/AR rating is a single number rating of the fidelity of e channel and is a
. weighted measure of the total attenuation, phase distorticn, and noise. The P/AR
L rating is derived by comparing the P/AR of an ideal signal with the P/AR of the
Gael cutput signal of the system under test. The P/AR measurement is most sensitive to
e envelope delay distortion and is also affected by noise, bandwidth reduction, gain
S ripples, nonlinearities such as compression and clipping, and other impairments.
R The P/AR rating is an indication of the general transmissions quality of the voice-
%+, - band chanmnel. If the P/AR signal were ' received entirely undistorted, the P/AR
LTS rating would be 100, while a circuit that causes a 10 percent reduction in the peak-
to-average ra.tio hae a P/AR rating of 90.

The P/AR measurement provides little information about the nature of the fault con-

dition of any particular case. However, since P/AR is a figure of merit for the
CoL ~ channel, it can be used as a benchmark for future reference. After other measure-
.o~ ments are made and a channel is considered acceptable, the P/AR rating can be re-
ot corded. for future .refevince. In case of a suspected trouble on the channel, P/AR
e may be measured first and be compared to the benchmark P/AR. value. Deviations in
' excess ‘of + or -4 P/AR units from an initial P/AR value provides sufficient reason
- to. euspect that some channel characteristic has changed significantly.

'I'he P/AR rating can alao bea ueeful in trouble-shooting on the DDD netuork where a
" number. of connections are to be surveyed and full data recorded on only the worst
' connections experienced. In private line circuits, P/AR can help to identify'the

*!l_ T 3 . Tthe parameters in the worst direction can. be completed first, since it is more
N 0 1”"‘1 proba.bly that any transmiesion impaiment will be in that directien,
5 ; j': .

¢ o ' : '

e T T T T U NN M R T DI e e s

~ worst transmission direction (near to far, or far to near) such that measurement of B
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| Figure 4-21. P/AR Transmit Signal Frequency Specirum
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jj{-"‘ e - RETURN LOSS
S ‘ _Retum logs is' the ratie, in deci‘bels, of the power incident upon a transmission
' system discontinuity to the power reflected from the discontinuity. Return loss .
measurements are made on both 2-wire and 4-wire circuits. The measurement indicates
. how well tho input and the ouiput impedances are matched throughout a circuit.

. Four measurements are made when measuring return loss: echo return loss (ERL),
. . ' singing return loss low (SRL low), singing return loss high (SRL high), and sine
s . wave return loss (SWL). ERL is the most critical of the four measurements, SRL '"Low
and SRL high are designed to protect against circuit instability. Figure 4-23 shows
- © the filter shapes for the measurements. .
~ . Echo retum loss (ERL) and singing return loss (SRL) are band average return loss
o " measurnients made with a 'band limited noise eignal. '

- Sine wave return loel is measured by transmitting a single frequency and then

- measuring the, difference between the transmitted frequency and the received
frequency. A series of single frequencies can also be transmitted by using the SINE
WAVE SWEEP function of the HP h9185A.

_ Return ‘loss measurements require a quiet termination at the distant end of the
=cti.rc:ui'l:. S

S ’[f’he result of’ a gsingle frequency return loss measurement must specify the measure-
4 ‘, {nent frequency. Return loss as a measure of impedance match is usually specified as
: . I 'n,'r;he minimum for any frequency within a specified band.

, Average return loss over a specified band of frequencies may be measured using a
SRR % weep frequency. The average return loss over the band is a power average noise

imla . . 1!
‘[.:‘l '
o i . 1 : : :
o . !.r . . 0 t . . '
— R o ; 26:/ 500 S0 1985 ‘z;oo ) 2400
- B.-10 '3 sae-u.o ,\‘_ . ERL SAL-HT y
- . s 1 A1 /1 N - \
- E -20 ‘< f \ 1 ‘ A
& % | _ o~ 1 \
. ‘. / | ' AN \
] %] 4 i ‘ L | Al
10 ./ 200 . 8000 . 3000 - 2000 ' 5000
it T " FREQUENCY My
.. ‘/‘( . ol

- Figure 4-33. Ftlter Shapes for ERL, SRL low, and SRL high
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. .CHAPTER V. HP-IB OPERATION (Model 18162A)

Mo _.IIN'fI'B;ODUCTlON

. S f !
[ - ;]':» . f

‘ The HP 18162A interface allous remote control of the HP L49L5A with an exierpral con-
R troller on- the HP-IB! bus. The HP-IB interface is Hewlett Packard s implemen.ation
of tha IEEE Standard h88 -1978, ,

|" B . , '. |
Nor\'ngl Mode o

. .xIn normal operation, commands from the controller are sent to the HP 181624 Inter-

Ry face where they are eonverted into keystroke sequences to set up the HP 4945A. Data

from ‘the HP 4ohs5A is sent to the interface and then to the controller.

Tatk On!y Mode

_ﬂll'f' . " When' the module is in talk only (1/0. output) mode, pressing the output key on the
D - front panel will cause an image of the display to be sent sut on the interface to a
e printer which must be in listen: always mode. _ -

i . .| .

HP 4944A Mode

When the module is in this mode. it responds to all of the two character mnemonics
"ised by the HP 4944A, ALl data returning to the controller will be sent in the
. format used by the HP 4oUUA, which is an image .of its display.

SR SPECIFICATIONS
Dimensions. | 7 .
deight. 33 mm{1,32 inches)

Width : 99 mm (3.91 inches) .

Depth ;. 1880 mm (T 12 inches) |

*ﬁ"' - B

}a\Makimum Fable Length‘ 20m (65 feet)

i ot o \ e '

. Operating Temperature: 0 %o + 50 C (+32 to +122 F)
'?'Storage Temperature° - -ho to + 75 ¢ (-ko to_+167 F)

>'L-if‘Poﬁ;r;Réquiréﬁenté:" : 'Supplied by HP 49454, Do not install interface with power
el ey ~ on, Operating power must be off.

’
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" ph HP-IB cable cohnectr t

" . "' The HP 49US5A 6perating povwer must be off. Do not install
hoo interface with power on.
= 2 'Tﬁe interface recelves its power from the HP LUQLSA. No external power source is
= ' reguired, . N : ) '
B! - ' .‘fs.i';‘l: r
- h s HP-18 CABLE
\ _
: r HP 18162A /
HP 4945A ' ' =y
L )
; ]

o
]

]
|i||‘
HA

INSTALLATION

]
A

‘Mhe HP 16162A Interface conndcts to one of the I/0 slots on the HP 49L5A rear panel,

‘the other HP 18162A connector as shown in figure 5-1.

| WARNIL.- i
-

I e b N A YRR ;ufmumﬁlwm‘

b

| Figure 5-1. HP 181624 Intarface Installation
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S o ‘ R _ . DESCRIPTION . -
.‘ 0 .-:.I,. R . ‘ ll': o ' E . ! |
l'!‘-_‘!. . A ,‘11 . >.:.. - : : : i . ] [ ‘ i
beo "QQ§ThQ HP-IB is a parallol bus of 16 active signal lines grouped into three sets ac-
' V. eording to function, to interconnect up to 15 insfruments. Figure 5-2 is a diagram
_ "ffoﬂ the interface connections and bus sitructure.
One. set of signal lines is the eight data 1 nes. These lines carry coded messages
which: represent addresses, program data, measurements and status bytes. The data
‘lines are used for both input and output messages in bit parallel, byte-serial form.
R Normally. a seven-bit ASCII code represents each byte of data, leaving the eighth
1 bit available for parity checking.
By There are three deta byta_transfer control lines, Data transfer is controlled by
means of an interlocked handshale technique that permits data transfer

f _W-w-. (asynchronously) at the rate of the slouest device participating on the bus.
There are five general interface management lines which are used to activate all the

- \connected davices at once, (i e,. elear the interface). Table 5-1 defines each of
=\the management lines.‘ C :

P e - -wThblé 5-1. General Interface Management Lines

2 "i”ﬂ Name 5 Mnemonic Description '

:gff_[' : Attention f ATN. ‘Enables a device to interpret date

SCUEENEREE R . SR S on the bug as a controller :ommand

v _;;‘L o U B {command mode) or data transfer
B : oo ' {data mode). '

- ..

T " Interface . o ,” IFC ~ Initializes the HP-IB system to an

| Clear _ .ot | . idlo. state by unaddressing all

x i B 1 ‘ talkers and listeners. B
' . . ) ‘ " } ' . : .
SR - Service . SR¢' - Alerts the controller to a need for
L ] Request .+ | ~conmunication.
Co Réﬁdté -t REN - ‘Places devices under remote progrhm
RO _ _ _
i jﬁ__\‘ Enable o ‘ ‘ L control
P End or Identify o ﬁOIf\1 Ix'Indicates the last data byte in a

1. V. i{ . data transfer sequence. Used with
L : 4_'A$N to poll devices for tiheir
y ‘ P 1 . status.

';
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. .11-‘i.'! L !
‘ ' v ;:u
0
-
}
. Able to talk, listen, 1 : .
v : ~ and control s 3 11 ,
L " {e.g.. HPBS) 1T (")ﬂﬂi -
= BRI ‘ {8 signal lines) -
- | oevices " E ,
o ‘Able to talk and
- | listen - X
o ' ('- 343?Adlgit — " = Data Byte Transier
: - (e.9., al voltmeter i At : .
- (09, 3437A digital voltmeter) h-H—e! (HANDSHAKE) Lines
. : -1 {3 signal lines)
FE | oevicec :
.| oniy able to listen
) - SESst : General Interface _
{e.9.; 8660C signal generator) i FTTTH Management C :
' s g TE anelge .),( ) Management (CONTROL) Lines
o : o — i | ofaf o} 5 signal lings)
g DEVICED = | : -
: _Only able to'la.lkll';" :
! o n . 1 S, ’ .
b — DIO1..8 :
. {e.g., 27488 tapa reader ) ) : .
| fes-27dBlapereaden 1, | DAV \ .
‘ _ S . _ } | bemwt——  NRFD - ‘ E
: 3 R kI l~— NDAC o :
S B : ' ; - AFC HP-IB fiignat Lines
SECTIELIV R AN o : '
L . : SRQ
oo , REN .
EQI o
b d ‘» : ' ! \
" Pigure §-2. Interface Connections and Bus Structure
: | , 5-4
- =‘|'=u {1 ] |. e B iy |.\ |||H'H.\ \||4|=.|.\|\| ||u;i\ ' |‘l ‘ ‘ | | my oo i|.|\|||i\\ I |‘uu;uu|.|\|||i.\III.|||IIII\. I II‘IIII' IR I T O :




.......

' syctom control capability.

o L ' ' . HP hghsa

L - 1 HP-IB Operation.

-c‘OMMUNioA_TmN CAPABILITY

‘Devicea on the bus fall into three basic ratagories: talkers, listepers, and

controller.

..Talkors are devices which send information on the bus when they have been addressed

Only one talker at a' time can he on the bus. .

.. Listeners are,devices which receive information sent on the bus when they have been
-addressed. - Ther can be mpltiple listeners on the bus.

Controllefs are oevices-that can specify the talker and listener(s) for an informa-

‘tion transfer. The controller can be an active controller or a system controller.
. The active controller is the current controlling device on the bus. The system
" controller can take control of the bus even if it is not the active controller.

Bach’ system can have only one system controller, even if several controllers have

DATA INPUT AND OUTPUT MODES

1
I

: ~There are four commands .hat control tho output of data and the input of commands.
_ Thesb commands are the OUk. commands. .

'

"he OUO' command iz a mask .service request when data is available command. The
Ready bit in: th2 soerial poll register is set when there is data ready and reset when

.'_'thore is none. This is the default state of the interface

' The 0U1, command will cause tnu I/O module to make a service request when it has

data available for the controller. Both the service request and the Ready bit in
the serial poll rogister will be ‘'reset when the output 'queue empties unless there

=t'was ‘a previous error, in which case only the Ready bit will be reset .

The ouz;'command ‘causes the module to hold off the HP- IB bus handshake after the.

line feed (following a command string from the controller) until all mnemonics have

.-'_boen lecoded and accepted by the HP L4945A. This is Jue: -default state of the module.:

3 The OU3 ommand causes the module to release the data handshake on the HP IB bus as
' soon as the 'mnemonic commands have been received. - This mode enables parallel
. operation of many instruments without waiting for each to accept the codes before
.. programming - the next. . When uzing this mode it takes one to two seconds for each

r‘t:menemonic to be decoded and accepted.

o ;For exomple, in an application where the HP ‘hghsA trensmitter is being used and an-
-}_“Qother TIMS ‘receiver is being used to make the reading, the transmitter output may
" not be the expected _value if there is insufficient delay before' the reading.

URTAN S LA |
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USING THE HP 4945A AS AN HP 4944A OR AN HP 4943A
To enter this. mode, all tbat it is necessary to do is to send one or more of the HP
L495LA rnemonics, The mode of operation and the instrument set up will not change.
A device clear command must be sent to the HPIB module prior to or just after en-
tering FP L94UA mode to put the intrument in a known state, to remove any data from
the output queite, and to reset the status register. This mode wiil be exited if a
HP h9h5n mnemonic is received “if the selected device clear is received or if a
semicolon is received. As the HP L9LlA does not respond to selected device clear,
the EP holha mnemonics dé not contain semicolons and are. a different format than HP
h9h5A mnemonics, this transition should not ‘occur unless there is an an error in the
program. When the HP 4OUNA mode is exited one of the clear comands, device clear or
selected device clear, must be sent to reset the status register and to clear the
output queue of any data. '

i

CAUTION

It is very important to send one of the clear commands
when entering the HP 49LUA mode. ' If the HP L9USA is

" making a measurement that- the HP L4OMUA cannot do, or is
making a measurement’ outside the frequency range of the
“HP 49LLA, the bus may lockup when the controller tries
to input data,

‘In this mode, measurement data is returned from. the HP UOUSA in the same format as
the NP h9hhA returns it. In addition to HP L94YA mnemonics another mnemonic, M8,
has been included in the set of mnemonics go that existing HP L4943A programs can be
altered to also operate the HP 4945A, ' The HP 4943A uses the code M7 for phase jit-
ter 20-300 Hz, while the HP 49Ll4A uses M7 for nonlinear distortion. The HP 49L5A
interprets M8 code as phase jitter 20- 300 Hz, and returns the data in HP Lgh3a
format. Replacing all occurrences of M? with M8 in an HP L4OU3A program will allow
it to run with ‘the. iP hghsa..

The codes CO and Cl. self check have not been implemented and must be removed from
program uhich uses - them before the program in question will run '

One im}ertant difference between the HP h9h5A and the HP hQRhA or HP 4943A is that
functions ' that are not remotely programnable on the HP ‘49LLA/HP LoW3A, are program-
mable via:HP-IB on the HP 49US5A. 'When the HP LQLSA executes a device clear, thesc
functions. are reinitialized default values, Understanding this difference is impor-
tant when using the device clear ‘The following table is a summary of thesze
differences. : : ' : - | ' '

1

: 35;55f
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(] | HP4344AFunction HP 4945A DCL State
i  Pover R o | no ghange

Set up switches:

. Normal test/dial talk - Normal test | o
Hold coils onfoft | - off | |
. o ‘Talk battery op/qff - Off’ ’
"f,i:. ' ‘T"‘_'“_‘/ bridge - o | Term
3 7}*¢f " 600 ohms/900 ohms 600 ohms
fil‘jﬂ nt. \”i!i' SF skip §n/$fff o ofr
‘}W! l _ ; ;JNormal tesu self check + Normal test
R N o Transmitter level ﬁ . - .:‘ -16.0 dBm
D 1{mpqlse noise threshold | ' . 68 dB
. 3 'Lir\xe monitor volume L o o 3, receive monitor
|  Apa1og qutputn~_ .f e Not present
f,“th-Tﬁﬁiiaﬁitch -'.3 o TRMT-RCV 5
| _"HP-IB‘ADDRESASING.:'

lirg

' f_'The HP IB address ig programmable from the front panel via ‘the I/O Port Set Up menu.
. The default address is 10.

-_To change the HP -1B address, use the followiug procedure

Presa.,; snm UP . 1/0 PORT SET up

o ' Press HP- IB Address key, -and enter the desired address using data entry keys,
. and then press ENTER key.
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The HP 18162A Interface has the following HP IB device capabilities which are com-

1

HP-IB DE"V!C.E,.FUNCTIONS

Fﬁ*. patihle with IEEE Standard 86- 1978

Wy B

| 'Am
SH1

. co .
Ty
5
SR1
RLi
PPL
nc1f=

DTO

"’

Acceptor handahake

'Source handshake

No controller capability

Listen and unlisten if talk addressed
Full talkef cﬁpability

Serial péll capability

Full remote local capability
Cahpléte par;llel poll ability

Full device clear implementation

' No device triggér,capability
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R | '~ MESSAGE DEFINITIONS

. !
5

Information is transferred on the HP-IB from one device to one or more other devices
in quantities called 'messages”. Some messages consist of two basic parts, an ad-

dress portion and an information portion. Others are general messages to all

devices. There are anlso messages which are referred to as "meta messages”. The HP-

IB bus messages and module responses are listed and defined in table 5-2. The HP

49USA response to the message (if any) is described after each definition.

'Nete

A meta message is not a program code or an HP-IB com-
mand. It is only intended as a tool to translate a
program written as an algorithm into the controller’s
code.

e Table 5-2. HP-IB Messages and HP 4945A Responses

-fMeseege E ' Definition and Resporse , , /

- Data © : - The actual information (bytes) sent from a talker to one
L or more listeners. The information or data can be in
numeric form or a string of characters.’

 The HP h9h5A accepta data messages when addressed to

listen.
The HP h9h5A__ can send data messages when addressed to
talk.

: 4}Tfigger SR o Causes the listening device(s) to perform a device

_ dependent action. - )
. L 3 ~"_‘d | .~ The HP '49Y5A ignores this message.

: o J_}Ciear ' ' " Causes devices to return to a pre -define? ' device
oo .| - . dependent ptate, : , | !

' 5'-9" ‘- N
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o0 ¢ Table 5-2. HP-IB Messages and HP 4945A Responses (con't)

: 1 !
-\ . : \ ‘

TP EAR . : y

V;‘Hessegeif-- | " Definition and Response

ol Selected device clear . (SDC) commmands returns the HP h9h5A to the following
conditione.:

SR & Henu: - . Test_Seiect :

RCV: TERM

- THT/RCV IMP: | 600
. © Hold Coils: - OFF
E 's? Skip: -': 1 oFF

%Te‘_' : Voice Limit._ i | OFF
o Master/Sleve'_' | NOPMAL (OFF), Master-to-Slave mode

‘;;-Ta;k‘Batteryi‘? o IOFF[_ .

}:Seiflcneek} - : - | Full Hode 1, Segment 1, stop on end check

" Noise: - - | 3ﬂoiee ni h_tone ‘ ] |
o | | C-MSG Filter IN

50 Hz Filter'OUr

" ‘Sweep:  1',Stopped, Single. from 20l Hz to 390h Hz
C | = Step-= 100 Hz, Rate = Fast

- Measurement. o _':"LevellFreq, Quiet Termination. 1004 Hz
Jitter' S R 300 Hz, Amplitude and Phase jitter

‘ Measure All, 2- wire. Hybrid lese = 00.0

!

_Narmel

opped, 8 per sec, 15 min,, 4 aB etep. €8 dB threshold,
_]20 degrees, 10 dE gain hil Reference impedance 600

'Leﬁglhkeys}-=' .Defeult values. 1. 0 0 0, 6 0, -13 0, ~29.0
rfl“

Freq Keye.- _ Default valuee. 3oh,ihoh 1ooh 280k, 3ooh 2713

Vblume. ) _ T OFF Level 3, Henitor Receiver. Beep ON

5-10




HP L94SA
L HP-IB Operation

H
f

Table 5-2. HP-IB Messages and HP 49454 Responses (con't)

fiHessage

Definition and Response

K

"Device clear (DCL) returns the HP 4954 to the same state as selected device
‘¢lear uith the following exceptions.

| Require
b Service

" Local Lockout
" (LLO)

Clear Lockout

Set*Lecalz

A

Menu: Level Frequency_
Transients: Count is continocus
'-'Mode;: HP h9hhA or Normal (remaing the same)
" TRMT/RCV: TRMT/RCV
" (switch) a
f\Rehote | Causes the listening device(s) to switch from local front
{REN) ' front panel control, to remote program control. This mes-
sage. remains in effect so that subsequent devices ad-
" dressed to listen go into remote operation.
" The Remote Enable command (REN) with.the HP L9W5A listen
; - address puts the HP LoLk5A in the remote state.
: Loeal : Clears the'remote message from the listening devices
- (eTL) and returns the devices to local panel control.

The Go To Local command (GTL) with the HP LQUS5A 1listen

- address puts the HP h9h5A‘in the local state.

_Prevents the device operator from manually inhibiting
' remote program control.

The Local Lockout command. (LLO) puts the HP 4945A in the
lockout state Af REN is true.

If REN goes false, the device goes local immediately.

; All devices are removed from local lockout and returned
- to local. The remote message for all devices is cleared.

A device sends this message any time it needs some type
of inte.action with the controller. The message is cleared

by the device’s status byte message' if it no
longer requires service.

.fﬂ{The HP h9h5A gets the Service. Request line (SRQ) true when |

it requires service. > _ ;

' 5"11 ' . Loyt LI




-~ HP Lglsa

4V‘-HPfIB Operation

Table 5-2.

'HP-IB Messages and HP 4945A Responses (con't)

Message

T

Definition and Response

e

'] - status Bit

: .Eneble(PPE)

r

" Parallel Poll

 Parallel Poll

' Talk Addres: ""iir

Status Byte

‘Serial Poll

" Parallel Poll
.Configure (PPC)

. Parallel.?oll

Parallel Poll
Disable (PPD) . '

Uheonfigure (PPU).

Listen-ﬁddress,f
(LAD)

Unlisten (UNL)

(TAD) o

1

Untalk Command (UNT)

| dependent  condition.

A byte that represents the statuz of a single device. One
bit indicates whether the device sent the required service
message and ‘the remaining seven bits indicate the opera-
tional status defined by the device. This byte is sent
from the talking device in response to a serial poll

: operation performed by the controller.

The HF hQHEA sends its current status on the data bus.

- Puts module into a state where parallel poll responsa

may be programmed.

If the last cemhand was the parallel poll configure,
programs the parallel poll‘response.

If the last command was the parallel poll configure,
disables the parallel poll response.

Disebles the Parallel Poll response.

Returns service request status if enabled, otherwise pas-
sive false is sent on data bus.

ij it equals the modules address. then it becomes

. listener active,

Uhaddresses module if listener active.

If equal to modules address. then it becomes talker
activa, otherwise it is unaddressed if active talker.

‘ The module is unaddressed if active talke:,

-Group Execute (GET) This command is ignored.

A byte that .represents the operational conditions of a
group of devices on the bus. Each device responds on a
particular bit of the byte thus identifying a device
-This - bit is. aent by devices in
response"to a Parallel'Poll operation.

‘The HP hohsa returns servxce request status on the

‘ specified bit, if enabled.

ot

- 5-12
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) : HP-IB pperation

Table 5-2. HP-IB Hbééageé and HP 4945A Responses (con't)

}Meésage

'

Definition and Response

Pass Control -

Abort

Transfers the bus management responsibilities from the
active controller to another controller. |
The system controller sends this megsage to uncondition-
2lly take control of the bus from the active controller.
The message terminates all bus communications but does not
implement the clear message. “

When the .Interface Clear line (IFC) is true, the HP 49Ls54
does the following*

The interface is unaddressed.

Data in the gueues is retained.

Command decoding is aborted if in progress.
Normal Mode on the HP 49hhA is retained.

5-13
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AL ‘.}!‘; | : ‘ I,SEFHAL POLL OPERATION _ _ 4

: “Qconfieurat¢°n?;” B A L :

i}é\'giﬁ!y; Tl sﬂd,_j’*siff.'llﬁli- . S?t .2 #,_ 1Q '{, oh ’

ST PN RS FERR "READY_ dde 'dec_ 'oddel . dde’

L ‘ga”w Af_ﬁﬁf .eff M?i :¥5 ﬁ‘il" s ' TR 'y '

O BiE T o ;PON;E ) ) Power on eelf check failed

EggntBit 6 ':f‘¥;>.:f:RQ§fﬁ xf “i?!;This device requested service

gi 5?it.51 lf:_ L” ERR Jp% " .i 'Efr?rt°°éu?;9d{f‘ ',H J.h

| Bitfn S e ‘READYI e ﬁata'readylfor odtputl ;

- Bit 3 | 'ddcipd l 3 Device dependent code}

;( Bit 2 *;_ ;l‘ . :ddc= | T%.d Device dependent code

;" Bit l g ‘il” N ddcf_ ,:jL‘ ’|Device dependent code

?”:;JBlt q_- {ﬂ% l1;@-ddc" | ‘_ | Device‘depeedent code

..,_ J'

1Bit zero  is eet in conjunction with ERR when the*e ng Feea @ kepcode‘or mnemonic

-aﬁg error.’ ‘Bit 1''isuset in'conjunction: ‘with ERR when t. mocdole has been locked out by
: another module. Bit 2 is set in conjunction with ERR when the front panel has bheen
: acceseed inlremote' ode. nIt tells the controller that the instrument is now in'lo-
™. dhl state epd the set up 'of the instrument is. now unknowm to the controiler. When
;-the'stamus is updated, the contentz of the serial poll register are ORed with the
'Wnew'statusimessage, 80 many combinations of. status message are possible. Bit A
‘-set when initial linh is in progress, or when the inst“ument ig .in slave mode

;.‘ ;Jl " 51 "-' "',‘

}7To clear tLe serial poll register it is ncessary to. send one of ;the clear comnaads,
r}{j_ DL or|;DC. to reset|the status bits. ‘The one exception to this is the case of data
e evailable\ when the data available bit .s reset when the controller has read in all

g the‘dete curren&ly evailable._ (The eervico request is also de- asserted if there are
W ‘110 errore.)wj. ’ P SRR o -
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e S - C . HP-IB Operation

".,w;}‘i” o s : o R ‘ - ; . : p ‘

R . . : i B | o Lot |' . H .

Foy When a device fa. *13, an incorrect mnemonic, or an' incorrect heycode is dete:.ted a
SERVICB REQUEST | mesuage ‘replaces the REMOTE or the REHOTE WITH LOCKOUT message

E

. o ‘across thei.top of the display. This message 'ig not displayed for any other service
R request condition, although the SRQ line may be asserted on the bus to tell the
v ';_ controllei‘ 'cha.t the dev:ﬁ.ce state has cha.nged. IR |
‘ . o V. . . r.“ A
L Decimal Binary o Heaning N L | ;

00010000 . :'Data available in no request mode
R ' o0l0l0000 . Data avdilable with service request

L © . 01100001 ¢ ‘ Incorrect mnemonic or invalid keycode

s - 01100010 o Module locked out by othor module

¢ 81100100 © ' Front panel accegged in romote state
24 liloc000 . Device failura ' S
Sy i
t i , i B
(}‘-I';’) - 1 ) ' 3 ot
. . B . l' ;’_:"u |
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) 1o i
AR
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5@‘-‘ , |

HP h9h=a o

;].1 - . ,
- ' CONTROLLING THE HP 4945A o ‘-.’
RN _ . _

(‘ommands can ]oe sent from the controller to the HP MQHSA to control the HP LTLLT
Betup. Fplldwing is an _example commami line: ‘
. - OUTPUT <select code> 3 <command> <data> < or LF>

‘ . . 1 . i ' . ; A 1,.]

'I'he command is a three character code, tha‘t is transla.ted into key sequences by the
HP NQI&SA. Data is not requirad on all commands :

Output mode is used when printed output is desired and a 'controller is not avail-

. “able, The mode iz entered and exited from the HP. h9h5A ‘front panel. HP-IB commands

have no 'afiect when in this mode. When the HP thSA is ‘in the printed page mode a
copy of the diapla.y is printed when the outpu" key is pressed

EXAMPLE PRDGRAM WHEN USING THE HP 9816A HP 9826A, or HP 9836A

10 i Frequency run program . o = *
20 |''This program- will do a frequency run’ between two user specified o
2430 l frequenciei. with a user specifiad rtop and reference frequency. o o
40 . | The program also inpu’s ‘the transmit and receive impedances. ‘

;';4",,,190 BEEP. ) -
“ 160 INPUT "AL WHAT ADDRESS 1S THE h91,5A.. Tims

J'

".+100 . DIM Freq(lOOO)

i w.eo ou'rpu'r 2 c;m$ (255) &"K"

. 50 ), 1 'This program has'a limit of .1.000 points which is'a function of
.80 the array éize. 3

10
_80 DIM A$[32]
90" DIM. ‘Level{1000)

String into which data is read from the HP L9L5A
Array. in which relative level is stored

: “Array in which frequency'data is stored

110 S ' L
Clear screen

Print on the screen _
Prompt for HP 1&91&54& address

1130 mmn IS1
1!’0 T j=;. s:

o won b gme g pen pe.

) | Enter the HP LoU5A address
170 - IF 'I'ims>700 AND Tims<731 THEN GOTC 200 ! Is it >700 and <7317

- 180. 'IF NoT <Tins>0 . and Tims: -¢31> THEN GOTO 150 ! Did they enter 1 to 307
190 Tims*’I’ims+700 Ty A _ | Using interface T, add 705
200 ASSIGN @Tims T0 Tims - = o | €Tims is now the address of
! the HP hWglsA

L, ‘ ;

I'_. . ,!,5"r “f

210' . : ' P -, ‘-=l\‘i|1;'=‘ . ; i '. ., ,‘
220 N TIMEGUT 7,30 QOTO 13='o “ .. | Set a 30 second timeout
© 230 . ABORT'T - = ., 0.} Clear the bus

'__.'270‘ CT e : o IR

240 CLEAR €Tims. o . ki Clear the instrument
250 - REMOTE. ¢Time ", S e L P it into 'REMOTE state
., 260 - LOCAL LOCKOUT: T S AN uOCk out the front panel

280 - - - o SR S SR Prompt the user for transmit

- ,! impedance

3

. -I!,'.
4




4

=g
-

.‘:300. INPUT "HHHT IS THE TRANSMIT IHPEDANCE"'Tr  imp

HP LohsA
Y HP-IB OperatIon

_Example Pro'g'ram: (con't) ,
-'290 'BEEP

310 *  IF NOT (Tr_imp=135 OR Tr_ imp=600 OR Tr_imp=900 OR Tr .mp=1200)
- THEN GO 7O | 290 ‘ ! The entir .d transmit impedance
‘ : ! must be’ 135, ;
} 500 900, or 1200 okms
320 - oo
330 . F Tr imp—135 THEN OUTPU” €Tims;"TRO" I Program the HP hghSA to
30 - IF: Trlimp—GOO THEN OUTPUT @Tims'"TRI" | the propes iransmitter
350 - IF Tr imp=900 THEN OUTPUT @Tims'“TR2“ ! impedcnce
360 IF Tr imp=1200 THEN OUTPUT QTims'"TR3" | ‘.
‘ {
!
!

;310 S ‘

+ 360 Prompt the user for receiver
' - S - impedance
390 . BEEP ' ‘ i

- }00 - - INPUT "WHAT IS THE RECEIVER 1MPEDANCE" Rec_imp ]

416 ' IF NOT (Rec_imp=135 OR Rec_imp=600 OR Rec_imp=900 OR ~
o Rec imp‘lZOO)THEN GOTO 390 ‘The entered receive
impedance must be 135,
o 1 1600, 900, or 1200 ohms
Y20 ; :
430 - . IF REC _imp=135 THEN OUTPUT &Tims;"TRL"
440 " ' IF Rec_imp=600 THEN OUTPUT &Tims;"TR5"
450, - IF Rec_imp=900 THEN OUTPUT €Tims;"TR6"

"H60 IF Rec_imp=1200 THEN OUTPUT €Tims;"TR7T" .

Program the L4945A to
the proper receiver
impedance -

- e e vEr v b e e S

I-fh70V' :
. k8o Prompt the user for reference frequency
“kgo . BEEP o oo SR ¥

|
i

500 INPUT “wnam IS THE REFERENCE{FREQUEHCY”~Ref fre

510 R !

- %20 !Test Yo see if the frequency ie in the range of the HP hghs5a
1530 !
540 ; IF NOT (Ref fre>=20 ANb Ref fre<-11000h) THEN GOTO h90

- 550, _IF NOT Tr imp-135 THEN GOTO. 590 ; l

' 560 " IF NoT (Ref fra>~200 .AND Ref fre<=11000%) THEN GOTO hgo
570 !

- 580 ‘! Prompt the user for start fraruency _ :

..590 BEEP S , . ‘ |

’ ”600'- INPUT "NHAT IS THE STARTING FREQUENCY" Start fre
1610 i !
620 l Do a range test on the start frequency . ' '

© 630" | ) S

. }6h0-_3 IF NOT (Start fre>=20 AND Start fre<-11000h) THBN GOTO 590 o
-'_,,‘;GSOﬁ; IF NOT Tr imp-135 THEN GOTO 690" ' ! o
. 660 IF NoT (Start fre>-200 AND Start rre<-11000h) THEN GOTO 590
- 670 ' !
680 -} Prompt the Jer for stop frequency .
'f690 BEEP el T ‘ !
5-17
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HP L9L54

HP-1B Operation

Example Program (con t) .

700
710"
720
730 .
740
750

760 .

770
780
790.

800

810

820
830
840
850
860 -
870

880 .
890
900

7910"

920
930
940
950
960 °

970
980 -
990

1000 .
1010

1020
1030 -
1040 -
1050 -
1060
1070 -

1080

1090
1100
1110
1129:15
1130
i1ko

3150

1160,

1170
1180

1290

INPUT "HHAT 18 THE STOPPING FREQUENCY" Stop fre |

I Do a range test on the stop frequency

!
!

IF NOT (Stop fre>=20 AND Stop fre<=110004) THEN GOTO 690

IF NOT Tr imp“135 THEN GOTO 810

! Then do a test to assure that the stop
} the start frequency

4

! Prompt the user for the step size
BEEP

IN”UT "WHAT IS THE STEP FREQUENCY”;Step fre

Size-INT((Stop fre_Start fre)/Step_ fre)
"IF Size=0 THEN J0TO 840
.IF NOT §ize>1000 THEN GOTO 940
DISP "SORR'(, ONLY 1000 POINTS ALLowED"
GOTO Bho e

OUTPUT ?Tims'"LFO FRO“'Ref fra
WAIT 5 .
OUTPUT @Tims-“ZLv Exc"

| !This is the measurement 1oop itsel

FOR 1= 0 TO Size
" Frequency=Start_ fre+I*thp fre
..OUTPUT @Tims "FRO",Freqqency. .EXC"

'GOSUB Get atring 3
IF A${1,5]<>"RLLVL" THEN 'GOTO 1oho
_ Level(I)~VAL(A$[5]) -

‘fGOSUB Get string .
IF A$[1,5]<>"FRQCY” THEN felered 1080
Freq (I}=VAL(A$[6]) |

GOSUB Get string o
gIF A$[1,5]<>ENDST" qux cowo 1120

NEXT I

LOCAL T ' ‘. . s 'i-m‘.l{:‘ '
GOTO 1370 ' L

1F Hor Start fre>Stop fre THEN GOTO 590

Return HP 'L9L5A to LOCAL state

-—-v—v—-—v—v—v—-—-—-——-—-—-—-—-—-—-—-—-—-—-—l—g-—-—-—-——-—-—

S | ;
" IF NoT (Stop fre>=200 AND Stop_ fre<=110004) THEN GOTO 690

!
frequency is  larger than

If start>stop,
re-enter

1

.Caleulate the
number of points
in the run, must
‘be 1 to 1000

— v vme wmr dmr s bmm W e w—

]

Go to leval! frequency at
reference, settle, and
zero the level

Compute frequency
Change frequency, ask
for a set of data

Get a plece of data
Ig it relative level

Then store it in the array

Get a piece of data

Is it frequency?
Then store it in the array

Get a pieée of data
Is . it end of set?

Make the next measurement

End

548



1270

1200
1210
1220,
1230
1240
1250

1260

1280
1290

1300

1310

1320

1330

1340

1350

1360
1370

8= SPOLL{€Tims)

'RETURN-

g

' "_Ex_aniple‘ Prbgrém (con"t)

Get atring.
IF NOT BIT (S,k) THEN GOTO 1270

ENTER @Tims,A$‘

IF 520 THEN GOTO 1210

BEEP ]
DISP "ERROR; STATUS IS "3
CLEAR €Tims -

LOCAL 7
GoTo 1370 . - - !

DISP "ERROR; TIMEOUT ON THE HP-IB BUS"!
END

B 59

.

HP Lohs5A
HP-IB Qperation

Do a serial poll

Is bit 4 of the status set
Then data is available
Read in a piece of data
and return with it

If status is zero, then

everything is OK

If bit 4 is not set, and
status is not O then error
Clear the instrument

| Return it to local control

Timeout routine







L | HP 4H5A
.ﬂEE  S ‘ : _ _ ' HP-IL Operation

0 . " 'CHAPTER VL HP-IL OPERATION (Model 18165A)
INTRODUCTION

'"\“L; lffiho-HP iBi65A'ihtor£aco allowé an external controller to remotely control the HP
uglg-ﬁ“:”_”thSAothrough.tho HP-IL -(Hewlett-Packard Interface Loop).

PR Normal Modo
“i\f ) .:a. ’

"’ i]Intnormalvoperation, commands from the controller are sent to the HP 18165A Inter-
“face where they are converted jinto keystroke sequences tt set up the HP 4945A. Data
"from the HP MQHSA is sent to the interface and ther to the controller.

ﬂFTalk oniy‘ Mode L

Hhen {ho module is in the talk only (I/O output) mode, pressing the OUTPUT pushbut-
“ton on the ‘front- panel will cause an image of the display to be sent out on the in-
terfnﬂe to 8 printer which must ho in listen alwaya mode.

l

! o‘; Py T : B iSPECIFICATIQNS
- R ‘ B ' o J !
o __Dimenaions' -o ‘ ‘ _‘“ :
Height 33 mm . (1 30 inches) .
BRI Wwidth: 99 mm (3.90 inches) L
o Depth: ‘1%0 mm- (7.09 inches)
!I"‘\j : . - ’ i i . . .
Y Maximum Cable Length: 10 m (33 feet) bstween devices with standard cable.

. Oporoiing Temperature: 0 to 50 C'(32 to 122 F)

vStorage.Tbmperatuqe: =40 C 0 75 C (-40 to 167 F)

Connectors. o Two-pin e o
' o A S T :

P ; "

qignal Level' . o 1.5 Vac o il

Powor Requirements Supplied by HP 49h5A. The HP thSA operat1ng power must be
SRS : - - off. Do not install interface with power on.

B e DESCRIPTION

__‘ The HP IL is' a- 'l;uo—wire loop Commun;cation over’ the .loop' is asynchronous and

"‘serial. with digital mossages travoling from one device to the next around the loop
in- only one direction._ S : . .

R




HP holsa . o - R
RP-IL Operation e ‘ (

INSTALLATION_

The HP 18165A Interface. connects to one ‘of the I/O slots on the HP 49454 rear panel.
The HP IL cables connect to the other HP 18165A connectors as shown in Figure 6-1.

t

' ' III:!::HE::I”
P -',' ' . C
. N .
. |
/

The HP h9h5A operating power must be off. Do not install
interface with power on.: ‘

W

Tha znterface receives its power from the HP h9h5A. No external power source is
_required. . ) . ‘

. T ) ‘ ) !
)
g' E : N . } “ ‘ X
o ' S =,' Hp49:1_5A HP 18186A . '
oo : : : - / .
D SR S .
. \‘“
5 J Sy | . n:\
. : S L - . , \].‘\[ .E’, IR T -
‘ 'j'cﬁihgure 6 1.,HP 1818SA Interjhce Installatzon' IR




S : . . HP Lghsa
: HP-1IL Operation

'SELECT CODE (address) '

. - The interface select code is used in programming to designate the interface to which
R output is sent by the controller. The default select code for the HP-IL interface
i ™1" (two devices in the loop). Vhen more than two devicee are connected in the
" loop, -the select code of the interface changes with its position in the loop (e.g.,
 the fourth device in a loop is select, code Y4, ete.).

-~ COMMUNICATION CAPABIL!TY
Loop functions provide the Cepabllity for a loop covice to send, receive and process
messages if the device has the functional capability to do so. Some of the common
“functions are described below,. : _ . S

”<_Handshake -"A technique ueed by devices to eynchronize information transfer.

e Listener - A device with listen capability that is listener active ‘Asg such, it is
R _realy to receive data sent by the active talker device. .

o Telker - A device with talker cabability that. ie talker active. As such, it is
ready to send data to one or mor» active listeners. There can only be one device
'facting as a talker at a given time.

System Controller - At power on, only one device on HP-IL can assume the role of
TR . system controller. The system controller resets the loop at power on’ and becomes
e - ' contrsller. active. The .system controller can reset the loop and become controlleér .
. ' ‘active a%t any time, even if control has 'been passed to a.nother loop device. . The HP

49USA czn not be system controller. :

b

Controller Active - The controller active device configures the loop for the ex-
change of data by sending commands that designate ‘'one talker and .one or more lis-
_tsners. It can assd -gend commands to cause: specific actlons to oceur within a
- device, such as a test setup or clear: The controller active device . -may be able to
pass control to any other 1oop device capable of recexving control PETIEE

L) , iy Lo

. R L) e

' Serial Poll - The controller active device" can perially poll another device to ob-_' O
tain its status byte. 'The - status byte denotes ‘the’ device - preeent status and-}ﬂf

;thether or not it requested service. -gﬁyw{ [ﬂr"',zﬁ.nlr o .H“.\ ‘ ‘_--g;; RO

I “_Parallel Poll - The control]er active device can conduct -5 parellel poll to oota:n a,

EIAT jj_stetus bit from dev-ces on the loop that ara properly configured.l“;. ‘

. “'H‘l‘ :F&_ Ii A \1|.|,‘ “‘
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- HP-IL Operation

DATA INPUT AND OUTPUT MODES | .

There are four commands that!control theloutput of data and the input of commands.
" These commands are the OUx"commands._ :

d.'The 0uo; command is a mask 8 rvice request when data is availuble command. The data

: f‘available message’ will be p?t in the status register when data is ready and removed

o when there is none. - ] : : . ey

The OUl; command 'will' cause the I/O module to make a service re:uest when it has
data available for the controller. Both the service request bit and the data
. available message bits in the status register are set when data is available and a
service request is made. The bits are reset vhen there is no more data.
The 0U2; command causes the module to hold off the HP-IL loop handshake after a line
‘feed (which terminates a mnemonic command) until all mnemronics pave been decoded and
accepted by the HP”MQHSA. This is the default state of the module. -

The: 0U3, command causes - tLe madule to release the data handshane on the HP-IL lcop
‘as soon as the codes have been received. This mode enables parallel operation of
.many instruments without Waiting for each to accept the codes before programming the
. next. Hhen using this mode, it takes one to two seconds for each mnemonic to be
b decoded nnd acceptpd. '

: For example. in an application where the HP LOUYSA transmitter is being used and an-
other TIMS receiver is being used to take the reading, the transmitter output may
' not ‘be the expected value if there is insufficient delay before the reading. .
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. e | HP-IL DEVICE FUNCTIONS
iR . The HP 18165A Interface has the following HP-IL capabilities.
Ahl ‘ I~. Automatic Address
u.'TAH  ..= ! ~Acceptor kendshake
L - co ."No controller capability '
{f"' K‘_ | 'H_ D . Driver |
| f'pho | | No device depen&ent cdmmapd; implemented '
L g 1_- D¢2 f.‘ o Full device qlear implementation
; DTO o T - No device’trigger capability
1 - -_Listen and unlisten if talk addressed
‘éﬁo‘= . No power down capabil1ty : o ' ,
ifnl_iz"i' PPf  ,‘- ‘.=Comp19te'parallel polllability
H R * +  Receiver .
. ,RLY - '. Full‘f_qmote local capability
;; o :sﬂ . | Source handshaké
! . SRl‘ Serial poll capébility.

T1 thru T5 ~ Full talker capability

" Information is transfered on the HP-IL from'ohe device to another in quantities

"~ called messages.. The loop messages and module response to the message are listed in
table 6-1. : a :
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Table 6-1.

BP-IL Loop Messages and Module Responses

‘*V'Hegsaéé :

o
“h

Response

,sm.""

. Menu: -

| RCV:_ 
" Hold coils: .

:;jSF'skiﬁi’;

: Inferface Clear (iFC)

selected. device
state:

--Freﬁueﬁcy'
' : Display Level"‘.

_TMT/RCV Imp' |

“aivéléeclihit;
' 'ﬁ_Master/slave.
":Talk battery.“
“Self check:

“f-ﬁoise:

. Sweep:

T-‘Meéépremeﬁﬁ:
iﬁ{dit%ef:“

E;Return 1053' ffaf.j
f]fEnvelope delay-* -

ﬁﬁiTransients. ”,f£ﬂf? E

1004 Hz | TS

" 600 ohms R

ot R

“5420-300 Hz band Amplitude and Phase

N Normal o )"

' ?; Stopped,
' Jthreshold

Unaddresses the module.

‘Data sustained in queues is retained.

This command must be sent when there has been a time-

. out error. .

clear or DCL, device clear returns the HP thSA to this

o Set Up.

'Envelope Delay <in 49LYA mode>

Term

' off

off

0ff, Master to slave >

off

Full, Mode 1, Segment 1, Stop on end check
Noise with tone |
C-mgg filter in
60 Hz filter out

Stopped, single, from 204 to 3904 Hz
Step = 100 Hz. .Rate = Fast

: Level Frequency, Quiet term, 100h Hz

v‘”;Méasure All 2-wire. Hybrid loss = 0.0 "

f( .
15 min., b 4B step, 68 dB
,40 degrees, 10 dB gain hit._Ref imp. 600

8 per sec,

'“{‘jfohms SRR
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Table 6-1. HP-IL Loop\Hbsseges and Module HeSponses (oonft)

o

- xﬂeeeege o

;Responee;

v

. Level gsoftkeys:

y Frequencyfeoftkeyst

-"Volune: '
 TRMT/RCYV
switch:

J ‘.dnu 'SDCdorrbcu:

';f.Renote,enable‘(hEN)

 Go To Local (GTL)

Local Lockout (LLO)

3

Not Remote Enable (NRB)
Serial Poll |

Parallel Poll

. Configure (PPC)

'Patellel_Poll -

| Fnable (PPE)

'_‘Panellel‘ﬁoll

Disable‘(PPD) 3

“Parallel Poll
L (eRw)

Parallel Poll

: T'Llsten-ddd}eeel(bﬁp).‘f

1

-exited.

:istate.

Defaults: 7.0, 0.0, -6.0, -13.0, -29. 0

| Dereulte. 30k, ol, 1ooh 280k, 3004, 2713

\
Off, Level 3, Mouitor Receive, Beep oni
TRM?/RCV_

Resets the queues, stops any measurement in process.
Mede "of inetrument goes to normal, direot mode is

n,;?

" ‘Puts the HP h9h53 Into remote enabled state.

Puts the HP hQHSA into lccal state if 'lieten

-addressed ! )

B e “4 oto enabled, puts the HP hghSA into lockout

states.

) h

Returns the HP hghsa to local etete, no lockout.
G ' 1l , '
Module sends its current. status over the loop.

Puts module into » siate where parallel roll response
may be programmed.

. If the last command was the parallel poll configure,
programs the parallel poll relponse.

If the last command was the parallel poll configure,.

dieables the parallel poll response.

Disables the parallel poll response. Uhconfigure'

Returns service request status if enabled, otherwise

. the parallel poll byte is unmodified ',

If i.t equals the modules address, then it ‘bécomes
listener active. If remote enabled, goes to Remote
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Table 6~1. HP-IL Loop Messages and Module Responses (con't)

" Message !i R Response

Uﬁlisﬁenfcdmﬁhnq'(UNL)f Unaddresses module if listemer active.

- Tglk Addréss (TAD) h If equal to modules: address, then it becomes talker

B . ... " | . active, otherwise it is unaddressed if active talker.
o : Uﬁtalk éomh;hdk(UNT) il ‘;Thﬁ_module=is unaddressed if active talker.
: : : . i ! ';| '
i

i | lcET, group execute - ' This_comhana.ispignored.
; . . ) ) 7 \

ﬁ@- | ; Eﬁéble5Asynchronoﬁ§_' ,}lfTﬂis*commanﬁ will cause the modules, on reception of

13¥?T‘.1L{Féqu§st (EAR) e | data from the HP hgl5A, to source an asynchronous
R y}ﬂyi Y Y Cf ' :;ﬁ&_frame. This. mode is disabled if any other
RS o0 oy command is received.
‘:. g ’ ‘ i |“ EEE ‘ . .o b o ' - ) S
Lo - Loop Epger.ngwn?(LFO) - This command is ignored.
V‘I":. o Kfl L '.‘..:l'-lle‘ i"\" e | ‘ v ! ’ , . ¢ ' 1
T A RIS —
. T R / 4 i i
. R S !
S ) S ’.f: A - |
: ] N j‘ b
K -"l Y !
._ T H 1y t
i ,
T ' : ;
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SERIAL POLL OPERATION

“IA11‘meseagee sent over the ‘serial poll mechanism are system status messages. These

are characterized by bit 7, which is set. This is a group of general purpose mes-

- eagee‘thhtfhas'been devised to allow simple controllers to better manage the loop,

regardlsss of device type and functioa. ' Bit six is reserved to show whether or not .
the device requested service, it being set if service was requested. The lower six
bits encode the various messages. Bit five is low when an event has occurred and

‘the status is reset when a serial poll is made. When bit five is set, the status

reflects a state, such as ready, not ready. The state is not affected by serial
polling, but wiil only be affected by the changing state of the instrument, for ex-

. -ample, when data is no longer available, the data ready message is replaced by the
: ‘fall OK message.

| The HP 18165£ Interface.respenses to a Serial roll are listed below.

Decimal :'Blna_ry' " Meaning

.123_ 10000000 - .Nothlng WToeg, no service reduested'
':__ 153l} . ‘10100011 Hdster/Sleve initial link in progress or slave state
) 196"»3l 11009109. Device is in an invalid state \
- 198 . ;” 11000110  Self test failure | |
l99 - 11000111 Commapd'error |
L 200 - 11001001 ‘Front Panel service requeet'

. The HP 18165A Interface responds to'a parallel poll if it is configured. The 'in-
_ terface ie configured for parallel poll from the controller.

u_162 or 226 1x100010 Ready to send data

'The contents of the serial poll register are upda ed'when the HP U4oU5A status is

updated : ,
[ !

PARALLEL POLL OPERATION :

'

 The parallel poll configure is done with the parallel poll enable command 100
'1000SBBB j o . ‘

r

;LflThe S bit indicates the sensa of a devices respcnﬂe. If S is a 1, the interface. sets ¥
b oits bit if it needs service If S is &0, the interface sete its bit if it does nmot.

;?gnaed service.

yoa

'"-‘The interfaqe bit is identified'by BBB 000 is. bit o ard 111 is bit 7. The'inter-

' ufface must be listen addressed to be able to respond to this command.

TS
"\J
i
1
_’?' 1
g Y ) s o ! i
o : ,
' 11 fa,, Lo !
. : i . i
5 L e o H : ' : ey

",,';‘.!‘..‘,.”|'||q!|'|'|“1k|'-'|'l!!| NIRRT |||.;'iH|!l‘u'-|'m-i|-.|m|4;uim'up 1010 s N A i ™ |\1|\l|-l;!'.-l.\i '|”||u|g;|'.| A ,..H;,,,,,;,.,,,__’_‘,;_H'.,,_,,‘,_',,,,,;,,‘ SRR
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B “Either the parallel poll disable or the parallel poll uncoﬁfigdre can be used to

“‘disable ‘parallel poirls, The listen address davices respond to the PPD, while all
devices repond to the PPU command

N s USING THE HP-41C AS A CONTROLLER

o An HP- hlc with the HP 82160A HP-IL module can be used to. control the HP L9usA. "I'hel
 HP 82183A Extended I/O module is useful to allow more general loop operation when
there ‘are aeveral devices in the loop.

| - A
S SAMPLE PROGRAM usme THE HP-41C - . VOICEBAND FREQUENCY RUN

The following is a sample HP 41C program designed to do a frequency run over the
. voiceband, from 30h Hz to 3904 Hz in 100 Hz step:, and print the results on an HP
4 . 82162A thermal: p)inter which" ie also on the EP-IL loop. For this program to work
. properly, the HP h9h5A should be the first device on the loop, and the HP 82162A
u !should be 1l second.q‘Comments to the 'program listing have been added (following
=1 “the !) for clarity. A bar code program for use witn an HP 82153A Wand and HP 41C is
- also shown. i ‘ o S

SetlJpSect!on.‘\‘ S

;ﬂfl 01 LBL "FRQRUH" Program name-'

ol
_ 02 CF29 7 1 Delete commas from numeric data > 999
03 FIX1. . t Only need 0.1 resolution
ol STQPlO" | Reset the lo~o
. 051 . 1" The HP 49452 is the first devzce on the
.. = 06 SELECT ! loop=> address one
.1 O7 REMOTE | Put the HP 49L5A in remote state
Sol08 ADV | Linefeed the 82162A thermal printer
... 09 “RST:TR2: TR6" ! Default conditions, set the transmiu
710 OUTA . -t and receive impedances to 900 ohms
11’ "LFO" ! Go to level frequency
"'12 OUTA S
13 "FREQUENCY RUN"‘ L ! Print the label for the printout
~ o ab'PRA S R |
-{ -15-ADV ‘ K 7} Linefeed the printer
16 "REL. LEVEL" . ! Label the colu.ns
17 ACA o ‘ ‘

g18ﬂﬂ : (R

3 19 "FREQUENCY”- o

B T Sy A
' L S !\Pr;nt the' labeim u“~y\,

L, ¥ Linefeed. I S T

" el Wait a: momant to get\reference settled

"! Zero the 1evel L 3 R e

1. i o Coh

-Right and’ left" justify columns

[P

y

: ! ‘increment in regiater 60 T ;
[ Qat up th starting frequency - 100 Hz .
l in register 01 : Lo . .{ _ - A

oy ) 'f Set up the number of : 1oops and the . b

' 610

) o ] ‘ 5‘,,“”.*.,
R T !.“... T S gt

’ N S Vo . ) x . '-;:'
RV N B SIS JRNDES IERUREVLANE [ : " " n|l

& P -mhm!'m-qliu‘i'-mnuinunn\ . ‘ml" L e Lr!r- "!IIHHIHIIIIIH I!l mnl, Mlﬂrllmrlm—-n [
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LR

' Sample Program (con’t)
L . ‘ ; . |
' . Measurement loop S
30 LBL "FLOOP" | Loop 37 times ‘
.31 "“FRO" ) g | Pragram frequency : - '
' 32 RCL 01 o } | . to a value equal to the
" '33 ENTER . ~ . | contents of register o1
34 100 B | plus 100 Hz
-3/ RN - o
36 STO 01 t Load new value back into register 01 y
. 3T FIX 0. o ! Get rid of tenths ' :
38 STO 02 co ! Store the frequency in register 02.
39 ARCL 02 ' .| and append it as an alpha string into
. 40 OUTA . o .| the alpha register. Program frequency.
b1 "E¥C" o | | *
o, L b2 OUTA o & 1'Ask for a set of data ‘ S '
G . B3 FIX 1 ! Need dB in tenths ‘
. 44 IND- . | Relative level
v 45 ACK | Put it in the print buffer .
L6 FMT AR .} Justity into columns right and left
4T IND O , | Level zero reference level-
S LWB-IND - L ~° " % Level zero reference frequency. .
CTANES . 49 IND o ! Frequency
S 50 ACK : -+ 1 Append it to the print buf fer
e . 51 ADV o 'Y And print the line -
0' B2 IND T : { Status field level .
}{ 1' .53 mp . ! Status field frequency
;- . .- 54 IND o ! Warning message .
e Bg ENTER ! To Y register
56 0 } Load ¥ register with 0
ST X#Y? ) X not equal Y?'
58 GOTO "ERROR" - > i Then error occurred
59 IND L | End of set
- 50ISG OO0, . ! Loop 37 times, get data from 37 5
-+ 61 GOTO "FLOOP". ! frequencxes, 304 Hz to- 390h Hz - g
- Program is done, do cleanup ;
62 ADV S ' I Do three linefaads =
o 63 ADV I A o
1 gl DV SRR o S
S 65 LOCAL S | Go back to local control
- 66 GOTO "END" = - | End of program S RS
’ -1 |
TR 3 o
' J 6‘711 : L
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Sainplé Progran (con’t)
- L ¥ ¢ ! 1

/
Error Routine to Catch Hon-zero Messages

67 LBL,"ERROR" e ’ ] Got a nonmessage warning message
68.aDV < ! DLinefeed

69 "ERROR:"; | ! Print "ERROR:"

70 PRA. o _ N : o .

T1 "WARNING " - | Print "WARNING X CCCURRED"
T2 ACA" . _ i .

T3 K<Y

T4 ACX ', o

75" OCCURRED : _ o v

76 ACA . S

77 ADV S ‘ .

TS‘ADV',” ' o K " | Linefeed ,

79 IND - . | Input end of set string

80 'ISG:00 - : L | If not done, then continue,
31 GTO "FLGOP"J o : : o

End of prcgram*5“~
82 LBL "ENP __~~\ 5 ..} Else end
83 END B T L | Program done

PTaR] oy
K

o '3"31 Vo .~ BAR CODE PROGRAM
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. ' CHAPTER VIl. R§~232C OPERATION (HP 18163A).
,_ ,, NTRODUGTION.

L . The'HP 181634 RS- -232C Interface dllows the HP holisa to be céntrolled remotely from
... ' an external device that is configured for RS 232C: serial communication. Figure 7-1
' - shows. tha interface installation. - ;

| - The HP 18163A Interface'communicates asynchronously wifh external devices and is
configured as a DIB: (Data Terminal Equipment).
5 T ,, SPECIFICATIONS
':_.‘ ‘ .Dimensioﬁé: '
Height: 33 mm (1.30 inches) T

Width : 99 mm {3.90 inches)
Depth : ;80 mm (7. 09 inches)

.ilf,;;v} Operating Temperature 0 degreel To +:0 deg*ees c (32 degrees to 122 degrees F)
Storage Temperature. k-hO degrees. to +7) degrees ¢ (-40 degrees to 16? degrees F)
Powér_Requirementsﬁ : Supp11ed by theﬁHPIHQHSA. Do not install interface with

: ' power on. Operating power must be off,

INSTALLATION

WARNING |} -

The HP h9Y4s5A operatiné power must be off before in-
~ stalling the interface. Damage to the 'instrument or to
the HP 18163A can result., ' -

f
ﬁ-;‘@"'{;-wThe‘HP 18163A‘Interface connects to one of the 1/0 (slots on the HP L9U5A rear pan-
i . el. An RS-232C cable connects to the female D connector. . !
SRR FE ; o L PR "HP 18163A .
i o o R B Vo T e T HP J84BAL y
o R S — o / RS-232 CABLE
) 37| 5 .l'}' '
]!‘ ' 'l; I f;i‘: lll i v

thure 7-1 HP 18163A Interfhce InstaZZatzon
| - 1 L




‘ﬂlll

:' i‘l I:lll I. 5, " . I ‘l:_'.’ ‘_'L'IE"]‘.:,‘-ELI I. ‘~1 .'. !; EIA . '!I, i "’:‘” |.‘ , >:“',L . ‘
b7 Pim | o .8igmal . - |Code'yil' Direction

: .,!"I'."l S S} N ERTY . :

b BN T TR i

Tl Protective Ground | AA

! 2 Transmitted Data (TX) -~ |BA ' To External Device

JReceived Data (RX) . BB : " From External bevice‘

}":

3
L | ?equest to Send (RTS)fE|, CA | To External Device

5 I'Clear to Send, (CTS) ~ {cB From External Device
f ‘6- fDeta-Set Ready (DSR) - lee From External Device
L; . T ?Sigﬂai'cfoune - AB
l. 8 -.Reee:ll.ved.‘ line IR Cl':' . ,  From External Device

detect (CD).

i

20 ’DafarTerminal Ready (DIR) cD To External Device

The - intenece receives its power from the HP L9L5A. No external power source is ‘
: required o _ | ,
:1]‘ Several iS- 232C functions must be defined so that the interface is compatible with )
- the system. ‘The 'following functions can be set fron the front panel of the HP h9h5£ '

- via the I/O PORT SET UP menu: s

E 'Bit Rates: 50, 7), 110, 150, 300, 600 1200 hsoo 9630 '

Lo Duplex. Half, Full . . Y ﬂ f )

: s _ ' . ,:”'l : B o . ! o S ‘ _.I R
L ‘Modem Handshake. on, OFF e A -r '

",Sortware Handsheke' ENQ/ACK, XON/XOFF (ndi/nc3), NONE ' | { |
1-~ . ’ N .)I ‘I |

. i

s Parity None. Even, Odd Hark Space

Storl Bits- 1 2 - ‘| . : N :‘ . - ) ‘. .: ; ;l’. ) ' ":
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To change or check the function settings, press the SET UP key and then select the
I/O PORT SET UP. .

Press the appropriafe softkey‘unfll the desired aelecticn appears. The selection
changes each time the softkey is pressed.

The followxng fUnctions are programmable via mneumonic commanAds from an external

device, o o
: o Lo Lo :

 Echo: On,_bfq‘ :
Local‘Lockeut: In effect,"Locel
Device Stefds‘ S ‘ }
+ Device identificeticn

o FULL DUPLEX

No Handshake

This handshake uses only Transmitted Data, Received¢ Data, and Signal Ground. Both
 the 1/0 module and the external device are ready to receive data at all times. The
" normal command string length however, must never exceed the buffer size of 128
characters. Data Terminal Ready and Ruquest to Send will be asserted. Data Set
Ready, ‘Clear To Send, ané Received Line Signal Detected (carrier detected) will be
ignored

[ :

Data Terminal Ready - [

' Data Set Ready  XXXXXKOfX-don’t care-XXXKK
. ,.i,“ ‘. 1 N 4 ) - . ; . J
L.Request To Send L - ] ‘ . N

Clear To Send ‘”' . }Q XXXOXX-don’t care- XXXK

Received Line Signal Detected XOXEKX -don"t care- XXXX

Transmitted data' o SRRERER RRENEN valid

1 . '

. Receivedzaata ‘ilﬁfi . Qnuhndunneeneu ‘valid

S RS-232C Operation

i
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Full Handshake ' . | - | | 0
' #‘7‘
This handshake usge T%ansmitted Data, Received Data, Signal Ground Data Terminal
Ready, Data Set Raad&, ﬂequest To Send and Clear To Send.
,\‘ i
When the module iu peady to operate. it will send Data Terminal true. When the modem
is  ready, it’sets»Data Set’Ready true. These two leads show the status ‘of the
hardware, Orice the hardere ds ready, the module sets the Request To Send true. Nhen
the modem responds,with Clear\To Qend true, data transfer can begin.

i i
i ' !

Pt i‘) - |\ ] ‘\‘

']\ ) | ‘|-‘ i} e . )

‘3??- a Terminal Ready ' i"ih o |

tl ' \'\_.|:

Data Set Ready
KB )

Request To ‘Send Sy RO . —

' . .
]-llL C. . 1

e Clear Te Send S W 3 | o

b I

| IR —

Received Line Signal Detected - .' XXXXXX-don't'care-xxx
, ' iy . ) ‘ . ' 1 . '
- Trensmitted data . L R (PP
Reeeived data)l . v S : RERRR Dagiq

HALF DUPLEX

No jHan”dsha'-k.e :

This handshake uses. only Transmitted Data, Received Data, and Signal Ground. Both
the I/0 module and the ¢xternal device are ready to receive data at all times. The
normal command etring length must never exceed the buffer size. Data Terminal Ready
and Request to Send will be asserted. Data Set Ready, Clear To Send, and Received
Line Signal Detected will be ignored.

Data Terminal Ready ‘;‘ ,_;__J

Data Set Ready Y XOIKOOK-don”t care-XXKX

: . , .. . i ° 1 .’ . . . l
Request To Send L : | B ;
Clear To Send PR xxxxxxxx don’t care-XXXX'

Received Line Signal Detected XK -don * t care-XX&X

w‘

Transmitted data SR iy ERRRREARMRRENRRR  ya)ig

Received data ‘ o L ERERRERARR AR RS . valid o _ .

"‘~ . . . . . ! ! . .
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Fplt Handshake ‘
. " v ‘

Lt This handahake uses TTansmitted Data, Received Data, Signal Ground Lines, Data Tar-
) (e minal _Ready, Data Set Ready. Request To Send, Clear To Send and Received Line sig-
o "}“W m&l Detect. )

] by ! --‘.- i :
'? wpen the nodule is ready to operate, it will send Data Terminal true. The external
;h'fdﬁvicb sets,Data Set Ready true when it is ready to send and receive data. If Data
’Set Rendy and Data Terminal Ready are not true, no data transfer can occur, as these
}ines mirror the status of the hardware '

| ?o send data, the module sets Request To Send true. When the modem has cuntrol of
-ffwthe line it will set Clear To Send true and set Receive Line S:gnal Detect false.

i“The HP 181634 will begin to transmit data. When the transmission is complete the
RN ‘.:module will set Request To Send false. Request To Send will not be asserted again
. fzgﬁ“]g.gnlesﬁ Clear To Send and Received Line Signal Detect are false. Receive Line Signal

Detect'Tust’be true and Request to Send must be false for data to be accepted.
'*: Lok ey

PR . .‘.‘"‘pl i A :
b ”-l; ' . Data Teminal Rea@ - ___-J
¢ ‘..‘ - } '

‘“_ Data Set Rbady ' s _
'I: Request To Send | I * L

. P i&CIear To .Send : __,,,_,,_J__—-;__-1 r —

1U~_ '. ..”_,; g  Received Line Signal Detect ' .t> I 1

_Transmitted data . ****'*ﬂ# valid

Received data ' ‘ ,f' Ruun® valid
_';‘l.'lll.'} o . : : H-“

SOFTWARE _HANDSH_AKE

-Basides the hardware handshake,_a software handshake may be used to control the flow
of information.. For example, in the common three-wire configuration, the hardware
. is -assumed to be ready at all times and a software handshake is required. The in-
' ‘terface uses either the LNQ/ACK (DCl) or ‘the Xon/Xoff (DC3) handshakes. ‘

The ENQ/ACK handshake is called transmitter protocol:because e transmitter is
- responsible for controlling the handshake. The transmitter 'sends an ENQ when it
. . wants to send a block of information.  Upon receiving an ACK from the receiver, the
;‘:transmitter sends its block of infbrmation. This process is repeated for each
* blocki A b}ock can be up to 96 characters, ‘80 there must be enough room in the
. receive- buffer U%ro e the ACK is sent. This protocol is used with either full or
‘; haxf duplex is, ként. This protocol is used with either full or half duplex.

.;f‘_='
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The Xon/Xoff handshake is called receiver protocol because the receiver controls the
hendshake.: The interface mcnitors its buffer. 'When there are 32 characters in the
buffer, the interface sends an Xoff to the transmitter to s%op the data flow. This
allows. Toom for one more block of 96 characters from the transmitter. When the

buffer empties to: ten characters or less, the 1nterface gsends an Xon to atart the

ktransmitter data flow.. The interface must be full duplex to use Kon/koff protocol.
The external device controls the data flow when' the 1nterface is transmitting. The
18163A will transmit at most tuo characters after it receives a XOFF .

'Echo | |
The interface is put into echo mode when the external device sends . 'the mnemonic ONE;
command.: In full-duplex operation, characters are echoed as they are received, In
'halfhduplex operation the interface waits for an ENQ (if it is using the ENQ/ACK
handshake) or a line feed (if not in ENQ/LZK) before turning the line around and
‘echoing the entire string. In half-duplex operation all command strings should be
followed by <CrLF> Echo moda can be exited by sending mnemonic OFE,. '
. . \‘ ’ ' I :
_ : ) Note
Echo, Lockout, and Direct Control Mode ure exited if
. power_is cycled. ' ' ‘

LocalLockout : o

When the GVL. command is sent to the interface, front panel inputs and inputs from
another interface are locked out. The lockout is disabled by sending the O.L,
command Lo v o ‘ |

L STATUS REPORT!NG

When an error is detected a request for sevice message is displayed ‘Just above the
menu’ line. The RS-232C interface does not have a serial poll or  service request
mechanism.” When.sn arror in operation is detected by the I/0 module a corresponding
bit is ‘set in the status register. 'The controller can read the status of the reg-
ister by sending an OE, command.  The status is then sent, in decimal, to the con-
troller. The decimal value ‘and the meanzng of the error bits are listed below.

Framing error

Decimal Value B B;t No. Meaning .
- 0._ DR o 0 + - Invalid keycode error

S -1 . Locked out by other I/0 mcdule :
LT T ; 2 . ' - Initial link in pregress, or in slave mode
Co B . 3. Front panel accessed .
16 o Overrun error :

32 0 5 Parity error
o 61‘ Fe 6 '

1
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A

[ Any OR combination of 8 b1ts are possible The format of the status string is

s'rswo ddd_erLf - | o

!

where ddd is a turee digit number When there are fewer than three digits leading
paces are 1nserted. . ‘

T Exanple: STSWD_ _ _ 0_Crlf ,

TR The status word ie_reset'to zero ever&time it is read.

CONTP.OLLING THE HP 4945A

R Commands can be sent from the controller to the HP hghsa to control the HP hL9lsSaA
S L setup. Following is an example command line using BASIC as the programming language.

OUTPUT <select,code> : <command> <data><; or Lf>

| o
The - command is a three character code that is translatnd into key sequences by the
'fHP h9h§A Data is not required or: all the commands,

o o The mnemonicq and the funntion that enable the HP L9h5A to make each measurement are
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o . o o ' 1/0 Module Codes

. CHAPTER VIIl. 1/O MODULE CODES
;_-“f'-‘.t .;;_:;‘{/1:1"12‘}';_?5’ ‘_1.: ‘ R . ’ ‘ |

. ', INTRODUCTION
: ‘ : o , S . .

S Thiﬁ tCthtBI‘ )identif es a.nd lists the interface control codes and formats necessary

e for commdnications between thn HP L4ol5A and the following 1/0s:

e o gP 181629. Opts.on 101 s :

a0, HP.18163A Optioca 102 e

e HF: 181655, Option 103.. R
S o .. L - SR X

K “ OUTPUT FORMAT TO THE CGNTROLLING INTERFACE

’..l}'.RI.‘; . L B i b ' s - i

AL I\I‘a,ch p:i(ace of data is' precedad by'a header and a space. 'The | numeric data as received
gV from. the HP k9h‘5A follows the header and space. Thii-data may contain leading and =
- “_U‘ trailin@ spar'as', ,depending on the dﬂta itself and the size of the ranponding data’

field in the display. i : _

i
SRR

-.'-,F‘Thn numer;c data is folloued a‘:y the suf: ix, which is tha same ‘ag ' that displayed 'on
, “the CR‘I’v hith the follouing ﬂxcept:.ons. 'all characters are .converted ‘te upper case,
‘frequenicy is in: Junits of hertz, and the mu sign (in microseconds) is raplaced with
_capi al U ' .

y N\ ‘ z.lll ol _L_‘,]_' . ‘-"‘_: L . ';' ! )

. ~-;"-” e it

‘ 'I‘he up and down arrows, repvesenting overrange, underran e' a.nd unsta,ble data, are
- changed to numbers before outputting. The UP arrow is raplaced l'by 9 9E9,: The ‘DOWN

‘arrow is replaced with -9.9E9, and the UP DOWN arrow is raplacmﬁ ‘'with 9.988. When'
these numbers replace the arrows,’' the length of the string ig incz'eased hy :I‘onr-to
~ six-characters, so that string dimensions at the beginning of the user progams
‘ghould reflect the possibility of receiving these values. String dimenions of 32

characters will handle any strings sourced by the HP 4ghsA. ,

The last cha.ra.cters of each string are acarriage return and a lincfeed. The car-
*.riage retum 1inefeed pair is used to terminate an enter statement. 3

ST .Bach measuramen‘ returns a number of these data strings. To determine when there is
G a complete set of data for the measurement in question, the end of set data type is

. used'with dummy data. The end of set string is "ENDST 0". To start another mea-
. ¢ surement,  the EXC; command should now be se.t, as no more data should be
’ "forthcoming. ‘ : . |
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g _Ta.ble 8-1 list the measurements and the header tha.t preceeds that measurement. Also 0
=1isted in the ta.ble are the measurement units.

Yo

1
il

. Téble 8-1. Measurement Results and Headers

in v .
' , MEA.SUREMENT RESULT - . HEADER UNITS
Frequency (receiver status) STFRQ HZ
. . Level (receiver status) STLVL - DBM
+ Noise : ) NOIS DBRN
5 ' Noise to ground NSTOG DBRN
Noise ¥’ 'Y tone . NOTCH DBRN
__Signal to noise rati,o . SG/NS DB
Peak to average ratio " PAR P/AR UNITS
! . Sine wave return loss SINRL DB
Relative level = ° RLLVL DB .
Dela.y e DLAY USEC
i et - C
- " Second product' * SCDPR " DB
: ~ Third product’i * THDFR DB
i ' ~F*equency high (receive statua) STFRQ HZ
'N'o. gelf check mode i.n execution . MDNUM :
1 P H-‘”" + i ' )
‘ _ __,{_I‘rans?.e;:ts drop out count ., DPOUT CNTS [
/- Transients gain hit count GNHIT CNTS S
"%, Transients phase hit count PHHIT CNTS .
* . Impulse noise high IMPHI CNTS
Impulse noise mid IMPMD CNTS
* Impulse noise low IMPLO CNTS
w . , Echo return loss CHORL DB
, , - Singing return loss high SRLHI - DB
Y | 4. -Singing x‘eturn loss’ low ! SRLLO DB
! = r_"' -,-Dela.y zero ref. frequency low DZRFR H2
b _ Level zero ref. frequency low - LZRFR. HZ
-, - Level zero reference level LZRLV DBH
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o o N ‘Table 8-1. Measurement Results and Headers (cont'd)

MEASUREMENT RESULTS HEADER UNITS
 Amplitude jitter 20-300 Hz AMPJH % PK
Ptase jitter 20-300 Hz PHJHI, " DEG
oo '\Mtude Jitter 4-300 Hz AJFUL % PK
. Eukse jitter 4-300 Hz: PJFUL DEG
‘Ampntude Jitter L- b Hz AMPJL % PK
. Phase jitter 4-20 Hz PHJLO DEG
Transients nmning/stopped TRANS
Receive status : RCVST
End of a szet of data ENDST
. Noigse correction factor, second NCFSD DB
S . Noise correction factor, third " NCFID DB
PR ( No. of times self check passed NUMPS
I Average level (measurement fld) AVGLV DEM
' Frequency low (measurement f£ld) FRQCY HZ ‘
S - Frequency high (measurement f1d) FRQCY HZ
Level zero ref, freauency high - LZRFR HZ
. Self check pass/fail SLFCK
R No. of first test mode to fail TSIMF
Delay zero ref. freq. high DZRFR HZ
TLP Level (status fid return loss) TLPLV * DBMO
No. of segment being executed PATH
No. of times self check has failed NUMFL
" No. of times self check has rissed NUMPS
No. of first test mode to fail FSTMF ’
" Elapsed time minutes ‘ TIMMN MIN
.} Elapsed time seconds TIMSC 'SEC

- | _'.l'he header’ consiats of LN (the line. num'ber) and a space.

-;fnrn.-:msr I N 1 —LN 16

For 1.':h_e self test results the following foma.t is used:

<LN><line no in ASCII><space><data><suffix><CR><L=‘>

1

It is always six charac-

ters long, which is the same as the normal data type headers. Data types 96 through
S 185 all haeve ‘the hea.dar SCHOD,

- : €4 - 79
.. DMD - DPTED . IN .1 - LN 16 8o - 95
~.pror-bT90 - . . SCMOD ' i

96 - 185
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3

The‘ folloning'warning messages will appear on the display (in the warning field) .
when the limits of a paramater are exceeded.
HEADING .  MESSAGE . ‘
WARNG 0 = <BLANK WARNING FIELD>
.WARNG 1 = NO HOLDING TONE .
WARNG 2 = NOISE WITHIN 12 4B LO THRESH
- WARNG 3 = IMD SIGNAL NOT RECEIVED
WARNG Y4 = 2nd ORDER DIST/NOISE < 24B
- WARNG 5 - = 3rd ORDER DIST/NOISE < 2dB
WARNG 6 = 2nd, 3rd ORDER DIST/NOISE‘ <2dB .
"WARNG B = NO ANSWEK RECEVED FROM SLAVE
" WARNG 9 = DATA ERROk&S IN SLAVE RESPONSE .
WARNG 10 = BAD DATA IN SLAVE RESPONSE '
WARNG 11 = INCORRECT RESPONSE E‘lOH SLAVE
: WARNG 12 = SLAVE FAILS TO EXECU(E COHI'!AND
© WARNG 13 = SLAVE LOOPED BACK
- WARNG 15 = NO DATA RECIEVLL FROM SLAVE ‘
‘1 WARNG 16 = RECIEVED LEVEL OUT OF RANGE S
WARNG 17 = NO CARRIER RECEIVED FROM SLAVE
- WARNG 19 = SLAVE INITIATED A MASTER/SLAVE LINK ABORT _
WARNG . 20 = DROPO[IPI" OF > 1 :SECOND, TEST ABORTED ‘
WARNG 22 = INVALID TEST SIGNAL : .
'WARNG 23 = UNABLE TO COMPLETE MASTER/SLAVE LINK

WARNG 24 = SLAV; UNABLE ‘TO DO MEASUREMENT ' ‘ ,

S !
.

OUTPUT SEQUENCES

These are the result strings. in the order in which they may be expected for each of
..the 'measurements that the HP 1&9145A makes where * represents a numeric character.

P
_LEV'EL FREQUENCY

: | iy

No level zoro noe

AVGLV *“' DR, Average level
L i,tFRQCY “"""‘ HZ' . , Frequency '
. ‘STLVL e * DEM Status field level

STFRQ """"‘Hﬁ.'. o l yStatus field frequency
':’r:h,WARNG XX ’. =; b 3Warning message (Highest priority) '

| _!rENDS'I‘ 0 ce TR End of set




B . - , HP L9U5A
1 - . | I/0 Module Codes

‘ ' LEVEL FREQUENCY (con't)
o il 1 Ty

With level zero

RLLVL "** * DB . Relative lavel

"LZRLV *#% % DBM Level zero reference level :
 LZRFR ##%e#s gz Level zero reference frequency )
" FRQCY ###uw» H7 Frequency
| ' STLVL *** * DBM Status field level
L ‘ STFRQ 't####* 47 ' Status field frequency
WARNG XX Warning messaca (H‘chest priority)
., ENDST 0 End of set '
NOISE WITH TONE ‘ . .o
S+ .. NOTCH ** DBRN Noise with tone’
W  STLVL **%. % DBM  Status field level
' ' STFRQ Wh#es* {7 Status field frequency
JWARNG XX Warning message (Highest prior:.ty)

ENDST 0 " End of set
~ SIGNAL TO NOISE

' 8G/NS % DB - Signal to noise

o © ; STLVL "**.* DBM - Status field level -
. STFRQ #ww##e* gz Status field frequency
< WARNG XX - ' Warning message (Highest priority)

~ENDST 0 : End of set r

NOISE | | | - s

NOIS ™* DBRN Noise | A

. STLVL **%.* DBM Status field level \ o

WARNG XX - Warning meassage (Highest priori’cy) R

ENDST 0 _ End of set
'NOISE TO cnomm

AL NSTOG .** DBRN Ncise to ground

Ca o STLVL "% % DB Status field leyel '
S WARNG XX S Warning.Lmessage (Highest priority)

"4 ENDSTO . End of
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R

b ,
ol et .

TRANSTERTS ' . =

.In process

TRANS 1- . . Transients running

CTIMMN. . ** MIN - Elapsed time minutes
- PIMSC ** SEC . = Elapsed time seconds
. 'NOTCH  ** DBRN . Noise with tone
" IMPLO *#%* CNTS Impulse noise low
IMPMD ***® CNTS Impulse noise mid
IMPHI *#*** CNTS © =~ Impulse noise high
 PHHIT “**® CNTS Phase hits ‘ :
GNHIT ***# CNTS Gain hits
- DPOUT ""*** CNTS  Drop outs
' STLVL ***.* DBM ~ Status field level
.. STFRQ ®###### p» - Status field frequency
.WARNG XX . . Warning message (Highest priority)
L ENDS‘I‘ 0 ' : End of set . ‘
Count period complete
"'TRANS 0 . Transients stopped
- TIMMN  ** MIN: " Elapsed time minutes
- TIMSC ** SEC Elapsed time seconds
" NOXCH *" DBRN. .° -Noise with tone ‘
" IMPLO “##% ICONTS | Inpulse noise low
- 'IMPMD ‘##%% CNTS | Impulse noise nid
. IMPHY *##¥% CNTS =~  Impulse noise high
. PHHIT #Ra8 ONTS Phase hits
' GNRIT ##%% CNTS = . Gain hits
- DPOUT "##* CNT'S Drop outs
STLVL *%*. % DBM Status field level
STFRQ #####% p7 Status field frequency
WARNG XX . .Warning message (Highest priority)
ENDST 0 - End of set
ENVELOFE DELAY
No zero T S
DLAY llll USEC! Dela.y b : 1
CAVGLV *** * DRM  Average level _
FRQCY #####h 472 Frequency !
- STLVL *** . * DBM == . Status field level
© - STFRQ “”" "HZ . 'Status field frequency
-* -WARNG: xx " Warning message (Highest priority) :
EHDST 0o End of set .
- . 8-6 '




' .

’
cor

EIWELOPE DELAY (con’t)

Levei Zero

r

"RLLVL *## # pp

- LZRLY ### # npM
LZRFR *#*#ase po
FRQCY ##nwsn 4o
'STLVL *#** * DpM

| STFRQ "*"### {2

. WARNG XX
* ENDST 0

. .Deley zero
| DLAY %% UsEC
AVGLY ##e DBH,
. -DZRFR’ “f”""' HZ'
-+ FRQCY #neann go
' STLVL, *#** % DEM
STFRQ L2221 1 'HZ
"WARNG XX
ENDST 0

:Delay and level zero

" DLAY *%%* Usic
" RLLVL ***.* DB

- DZRFR 00" HZ

LZRLV *#% # DEM
LZRFR ###### po
'FRQCY #*%¥a# po-
STLVL "** % DBM
STFRQ HRRNNN RZ
WARNG XX
. ENDST 0

i
1

INTERMODULATION DISTORTION _ L S X

‘RCVST 2
. NCFMS 0
NCFSD %e# # DB ‘
SCDFR "* DB S
| . NCETD "% » DB
. THDPR ** DB'
" .AVGLV ***.* DBM

| STLVL *%*. ¥ DBM

. WARNG XX

. ENDST,0 ¢

DLAY ' %%*% USEC

HP L945A
1/0 Module Codes

Delay

Relative level

Level zero reference level

Level zero reference frequency
Frequency

Status field level

Status field frequency

Warning message (Highest priority)
End of set

Delay

Average level

Delay 2zero reference freguency
Frequency

‘Status field level

" Status field frequency

Warning message (Highest priority)
End of set

Delay

" Relative level

Delay zero reference freguency

Level zero reference level

Level zero reference frequency S
Frequency :

. Status field level

Status field frequency v v
Warning message (Highest priority) i
End of set o .

-~ +Four tcne, no noise correction

Receive status (four tones) :
Noise correction factor message(not corrected) ' \
Noise correction factor, eecond order

- . Second product

Noise correction factor, third .order

_Third product (o

Average level - : ,;j
Status. field level

Warning. meslage (Higheet priority)
End of set :
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INTERMODULATION DISTORTION (con’t) '
_Four tone, noise corrected

 RCVST 2 L : Receive status (four tones)

" :NCFMS 1 " .~ '~ Noise correction factor message (corrected)
' NCFSD *##* # pp " Noise correction ractor, second order
. SCDPR *" DB = Second,product
.. NCFTD -':*".*.‘_'-_DB - Noise ‘correction factor, third order
. THDPR - ** DB ~ Third product _ ‘ :.
~ AVGLV '"“' * DBM . Average level o 1
| *STLVL Ty .* DBM . Status field level '
;) 'WARNG b« SN ‘ " Warning message (Highest priority) '
'EHDSTO o : Bndofset :
Two tore
4 'RCVST 3 .,Receive status (two tones) - o
NCFMs.0 - . Noise correction factor message{not corrected)’
- NCFSD ‘#%% % pp Noise correction factor, second order
- SCDPR ** DB. =~ Second product ‘
. NCFTD %#%_# DB Noise correction factor, third order
- THDFR ** DB - ' Third product
v . AVGLV %#% * DPBM Average level
~ - STLVL #*%® % DRM . Status field level
- WARNG XX: - - Warning message (Highest priority)

" ENDST O . End of set
: .;:'No tohos :roceiirec_i - | .

. -RCVS'].‘ 14 ) ~ Receive status (no tones)

"NCFMS X~ "~ - Noise correction factor message _
.. NCFSD %% # DB - . Noise correction factor, second order
[SCDPR_“. DB : Second product '
INCFTD *%% % DB ' Noise correction factor, third order
C THDPR ** DB -~ .: Third product
AVGLV . #%* % DRM Average .level
© STLVL ®**.% DBM . Status field level
- WARNG XX© - . Warning message (Highest priority)
... ENDST O : -End of set';,
IR g

20 300 Hz Amplitude and phau

1

Avpa e % Pk Amplitude jitter 20-300 Hz (1 amp jitter is on)

V. PHIHT, - *%, '.’ DEG  'Phase jitter 20-300 Hz (If phase jitter is on)

© STLVL “**.* DBM ' Status field level _ _

- STPRQ "“" ' HZ. . Status field frequency Y
- :NARNG XX - Wa.rning message (Higheut priority) : ' S

ENDST 0 ' End of set

’ :nn
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1 1

o - JITI'ER (con’ ) — | o | |
N 4 . o . _ . [
' ' 20 300 Hz Amplitude : ' - ‘

' AHPJH L £ PK ‘Amplitude jitter 20-300 Hz (If amp jitter is on)
STLVL ***.* DBM  Status field level |
- STFRQ “_“'" HZ ~ Status field frequency :
" . . WARNG XX ' Warning message (Highost priority)
"~ ENDST 0 .~ End of set

Y. 20-300 Hz Phase

o ~ PHJHI ** * DEG  Phase jitter 20-300 Hz (If phase jitter is on)
T - STLVL *#* % DBY ~  Status field level
I STFRQ ****** H2  Status field frequency
Vil WARNG XX . . Warning message (Highest priority)
. .. ENDST O - - ' Endof set .-

L 20_—300-?& :‘neit‘her'amplitude or phase'

STLVL, *##. * DBM  Status field level : -
. STFRQ R#nsss. yo Status field frequency )

IR WARNG XX . =~ Warning message \Highest priority)
- "n_“‘_-.! 5 ENDST 0 ., Endof set. _
. I 7300 Hz Amplitude and phase | 1

: =AJFI'L LA $ PK _Amplitude jitter 4-300 Hz (If amp jitter is on)
 PJFUL . “ * DEG = Phase jitter 4-300 Hz (If pha.se .iitter is on)
- STLVL . '""' * DBM Status field level
S : ‘STFRQ RYTA HZ  Status field frequency, |
T WARNG rXX o Warning message (Highest priority)
ST ENDST 0 _ End of set '

4-300 Hz Anplitude
o . v

AJFUL ** # % K dmplitudo Jitter 1& 300 Hz (If amp jitter is on)

PRI STLVL *** * DBM = Status field level
<. STFRG W% gz Status field frequency = - o
... - WARNG XX . Warning messake kHighest priority) ‘ , v
NN 'E}IDS'I“ o - . End oi‘ set i

SN li-300 Hz Phase

)’ RS .'PJPUL (LK) DEG ‘Phase jitter k- 300 Hz AIf phase .jitter is on) o
Lo f STLVL wan o DBY ) Status’ field level . ° _ . ‘
 STFRQ ““‘" HZ '~ ‘Status field frequency
'© WARNG X i Hag'ning message (Highast priority)

SO End oi‘ sot

- ENDST 0!
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2 "_.;q STFRQ | ”“‘“'* HZ ' Statul field frequeqcyi e f~f ,15' o oon ,;[ IE AR A
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) : o V " ! o
; jor S P T o
3 h-20’Hz jneither ampll%uée or phasa Hfﬁl. _ ﬁ,‘“g“ L ;w‘* L j!=f R
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i ‘]B_ND?\‘T”O ) . V,:‘ " ,E!"’. .of set ‘il r 4 )':'. ‘ o C i v )‘!‘ . ! } . R
} i - ’ :.‘ ‘,: ‘.5 "‘1 I i"}t‘l:.!i':"' K Sy a ; A )
;wfppasure all‘ Amplitude and phaso , 'ﬁ?T. mﬂi;lnl R , N o
. S PN gL IR T
 Yanpom, w8 % 2,2k Amplitade Jitter’zo -300, H~J(111awp jivter 14 on) ST

“.Pnahzl"*" DEG ' Phase jitter 20-300 Kz (If phage jitter is on). R
: D] PK | f’A@bliiuda;Jit shr 45300 Hz;(If amp Jitter is on) volvo o wi
hIEUL " . * 'DEG" FPhage, jitter h-qoo Hz (if phapa Jitter is on) ,” K'ﬂi_‘j’-‘. L

fmAHﬁJL *' » % PK ;gﬁmplltude jittey 4-20:HZ i(If amp jittar is 0n) Ty

UPHJLU"" *,DEG',"" " Phase Jitter 4-20/Hz, iIf phase Jitter 13 on)u Lo

¢STLVL “"#pf DEM 8t tua?field leveluh"' ; T AT

STFRQJ !Iglik' HD

St tus: field frequencw o 7
o in§ aeasasq (Hishext priority)

K ;'x"_.'
RN
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. HP Lolsa
I/0 Module Codes

. JITTER (con t)

fih-_ Meaaure all. Amplitudo o | ;

SENEE "AMPJH **.% % PK . Amplitude jitter 20-300 Hz (If amp Jitter is’ on)i'
o 0.7 AJFUL  %® % % pR i ‘Amplitude jitter 4-300 Hz (If amp, jitte
o L AMPJL %% ¢ « PR Amplitude jitter L-20 Hz (If amp. jitter
- STLVL ®#% * DpM Status field level
. STFRQ ###ss® g7 ‘Status field frequency
- WARNG XX Warning message (Highest priority)
ENDST O End of set

3
1

;Heasﬁro ail,_Phase'

Phase jitter 20-300 Hz (If phase jitter is on)
Phage jitter 4-300 Hz (If phase jitter is on) 1

- PJFUL  **.* DEG
PHJLO **.* DEG

_ STLVL *%** % DBM
v STFRQ Wewwes yy
/i WARNG XX
‘. . 'ENDST O

‘Phase jitter 4-20 Hz (If phase Jitter is on)

‘Status field level

Status field frequency '

- Warning message (Highest priority)
‘End of set

B ioll‘whéither amplitude or phase

wu¥ % DBM ~ Status field level
o wnnnn HZ . Status field frequency
4 LH%RNG*XX 'Warning message (Highest priority)‘
. -1:_'wwa EHDST 0 End of set

i
) v

J
0 STLVL waw % DRy
L WARNG XX
. BNDST O .
L
RETURN LOSS STL
o 1: “'

Sine wave o

V. IPAR %% B/AR UNITS P/AR reading

t

Status field level
Warning message (Highest priority) ,
End of set

Sine wavehreturn loss

‘ hVLl'** ®* DBM | Status field level
"STFRQ- '“*"*_HZ Status field frequency
@WARNG XX Warning message (“ighest priority)
NOST - End of aet
'*”7icHORL *' R DB . Echo return loss
o STLVL: oen R DBY ~  Status field level
'WARNG xx '~ 'Warning message (Highest priority)
_End of set '

e




‘HP L9L5A - g
if[‘ I/O Module Codes

b } ; . -f 4

RETURN LOSS, STL (con’ t)

N Low singing |
,SRLLO *%.% DB
STLVL "w», * DBH
JWARNG XX

‘ i i . ENDS‘T 0 . i

T High'singingl

i SRLEI **.* DB

E

- Low singing return loss
Status field level: ' '
' Warning message (Highest priority)
" " End of met

High singing return loss °

() STIVL e 9 ' DB Status field level ‘
- HARNG - Warning message (Highest priority)
ENDST 0 End of set

Measure all

CHORL "*.* DB
_'SRLLO **.% DB

EURPERE Low singing return loss
ﬁ' -~ .. SRLEI - .* DB - High singing return loss
. STLVL ##% # DBH "Status field level
. WARKNG XX. - ' Warning message (Highest priority)

memo--~

T RBTURN LOSS, -16 TLP
Sine wave i A

' SINRL. “**.* DB j,'
“TLPLV **%.% DBMO

STFRQ llﬂlll Hz
. 'WARNG XX

S _fENDSB End of set
e Echo | R
- ;l ) H
CHORL L * DB "‘ Echo return 1035., ‘ a
- TLPLV. wew,® DENO |  'Status field lavel' ) |
R WARNG XX ‘1‘ 4 i Hhrning masﬁage (Highebt priority)
Qo ENDSTIO ‘ Egd of set '
: . "l 8 s ): B H
Low singing.n' " o o o
- : Al J X . ) X X ) . . ".I- “
*:rSRLLO #.» DB . Low singing return loss‘ e
7;ﬂLPLV “'* » DBMO fj ' Status" ‘field" level o

! WARNG XX L

Echo'returh loss

End of set

-Siﬁe wavé'retﬁanioss
" Status field level

Status field frequency

' Warning message (Highest priority)

karning message (Highest priority)

: "l A . .
,bghbsm,ol_,w,\cg--. Endof set .
N S P L AR I jg;
g
ll.;'"
5 ‘L‘J-J‘,I S
: -"lf,«' - . !
:"l‘ ; . K 'J.r”s' T
o i ot i
. . f-:", . 4.!'|"' , “ fl
psh T . :;:?w)& .
o RS o
S Py
- .:i]l',.!-'w{-:.
v A.,_ir]f_
(LTI .




:‘RETURN LosS,

CSRLHI *%.* DR
TLPLY *ew . ‘DBMO"
CWARNG XX

ENDST 0

'K‘_Measure a11 N

"yl HI

a CHORL

. WARNG XX
Emﬂo_ 

'! SELF CHECK

Lo JTHDNUM 2z

NUMPS A "

NUMFL -~ **

_PATH 1

LN 1 weswew ppss
Lo LN- 2 wesweR pATL

Ti

PATH 2

RIS ki Pass

et A
;‘g‘ LR

PAfH3.nnEffh

e
|
i

1?} Nﬁﬁ§s'1 -
- NUMFL np"

High sznging ‘ y

! ve * D

(i ./ SRLLO **,% DB
” 'SRLHI **.* DB

TLPLV *#% # DBMO

1

'1

. 1

]

i
]

':‘suffzx tells whether thu ‘data -
‘the limits or not.

-16 TLP (can't)

PP
. F TP
TENA LA

'ESHigh singihg return loss

Status: field level

" '=‘Warning message (Highest priority)
End of :et

- Echo return loss ‘ .
Low vinging return loss R
High singing return loss B
. Status field 1evel ' L
. Warning message (Highest pr{ority)
*-End of set

o W
| ' |
. K
. . !

Number 'of times self check has passed

“Number of times self check has failed

;- v ; . ;

'NLmber of mode being executed is z2

Number ef segment being executed = 1
Each segment has at least one, and
sometimes more pieces of data. The

Segmant 2
Data :

Segment nn

J’scnonrzzéASS (or FAIL) Self check mode zz passed or failed

)

~ Number of times self check has passed

Number of times self check has failed

inside

HP hol5A
1/0 Module Codes




;. HP h9ls5A _
" 1/0 Hodule Codes f

' 1/O MNEMONC COMMANDS | | ®

AR The following 1ist of mnemoni'es are the codes that the HP 4945A tuill respond to over
¢ the three interfaces. They are three-character miemonics (plus any data entry) and a
- delimiter, which will be a semicolon or linefeed (HP-IL may. use a colon also). Em-
‘,oedded spaces end carriage returns will have no affect. on the decoding of the
mnemoniss. Any time a semicolon or & linefeed is received the module attempts to
decode a mnemenic and the deqoder is reset.

.-§ N

" Syntax Explanation of Keystroke Sequences

'The following strings are ‘for illustration purposes only. To program the instrument

the mnemonics must be uaed
B Thé @ code is used to specify the
'8 to state 1. ;

fffTﬁe data entrw keys on the front panel are encoded as ASCII 0 through 9, y and .
a#d are repre:?nted in the table of mnemonics as an * when data is to be entered.

L (E) ia sent. !

_}

5
'rAt the end of .a data entry sequence, (delimited with ; or Lf), the code for enter
f | | |

’Those mnemonics followed by a plus sign (+) can be accessed from more than one menu.
Therefore, the Jdast measurement made using & specific mnemonic must be known. "If

.  the last meaaurement made uses the already selected mnemonic, the test select menu _

. cam:ot be accessed. Rather it is ass ed that the correct menu is displayed and the '
proper softkeys have been sent. Othexa;se the. mnemonic is ignored.

-'.:E.




b w - HP L9LSA

K o ' I/0 Module Codes
. S HP 4945A MNEMONICS |
Mnemonic o ~ Function Data Entry?
3 CLOCK SET. UP |
CLO ‘jrear>; 1) Set year yes
CL1 <mohith>; = - ¥ Set month yes
" CL2 <day>; ‘ L Set day yes
© .- . CL3 <hour>; ' - Set hours yes
' ~* CLY4 <minute>; ‘ Set minutes - yes
CLS; - AM no
SR - CL6; | ‘ . PM ’ no
3 ' CLTy : : . 12 hour no
oo . oci8y .2l hour no
DATA ENTRY |
- DAT<num. "exp.>; ' Sends ' the numeric expression yes
- S R | the HP 4945A and follows it

with an enter code.

DIAL - HOLD SET UP

i
. t

DHO; ' Transmitter hold off no
DHL1: - _ Transmitter hold on no
DH2y : Reciever hold off no

. "DH3; U ‘ ‘Reciever hold on no

. DHY43 : . . Dial talk off no
DHS; - ; Dial talk on : no
‘DH6; S , Talk bat off _ no

' DHT; C ‘. © Talk bat on no

i ,.Euvﬁtdps DELAY

EDO; ' E.D. normal set no
ED1;. - ‘ E.D. repeat no
. ED23 E.D. with freq. data no
-ED33 \ ‘E.D. without freq._ data . no
. b !
3 )
‘
4 .
) o ‘ '-' _ I\ :
1 'I “. l" : | ‘l‘ :
, . h i i




HP Lohs54
I/0 Module Codes .

‘Mnemonic Function | Data Entry?
. A . .
' EXECIITE:
EXC;_ S ' Begin measurement no

" This command will cause the HP h9h5A to make a measurement and pass the

data back to the controller. It is not necessary to send this command to

cause execution of a mnemonic, the semicolon or linefeed will do that.,
" Some commands, such as 0I; or TIM: cause data that is not measurement data

to be passed back to the controller. Commands of this type do not require

' that EXC; '‘command be sent for them to be executed and do not return the end
. of set’ data type, ENDST

Examples are TIM (all), OI (HP- IB), and OE (RS-232)

Note that these commands will cause.data to be sent to the controller, bhut

the data. will not be. terminated by the ENDST string, this being reserved

'for data measured by the receiver.

P

 CHANGE FREQUENCY COMMAND

- . FRO <freq.5;.__ B : 'Change‘fransmitter frequency yes

FR1; : "+ Frequency 1 no
FR2; ' o Frequency 2 ’ ' no
FR3; Frequency 3 . no
FRY; ' : Frequency &4 no

- FRS; k . Frequency 5 no
FR6; Co Frequency 6 . no
FRT; ; ' Step size =10 Hz ' no

- FR8; | ~ Step size =50 Hz _ no
"FRY; S . Step size =100 Hz ! no
3 i Step size =1000 Hz no

FRB <freq.>;. - .Program freauency 1 yes
FRC <freq.>; Program frequency 2 . yes
FRD <freq.>; : Program frequency 3 yes

. FRE <freq.>; Program frequency U yes
"FRF <freq.>; - Program frequency 5 yes

'FRG ifreq.>: | Program frequency £ . yes

' mmuomn.nxon DISTOR‘I'ION

IMO' ) B Normal test - ‘no

'J‘:IH;-ﬂ_‘ -+ Check signal _ no




J o - HP hoh5A
. S L a 1/0 Module Codes

. Mnemonic Function Data Entry?
IMPULSE NOISE (TRANSIENTS)
S INO; - Stop no
‘ St . INL; . _ ' Start no '
IN2; L Count rate 7/second no
IN3; ‘ Count rate 8/second no
ING; _ Count rate 100/second no
INS; . Impulse threshold spread = 2 dB no
ING; ‘ Impulse threshold spread = 3 dB no
INT; Impulse threshold spread = 4 dB no
IN8; _ ' Impulse threshold spread = 5 dB no
ING; Impulse threshold spread = 6 dB no
INA; - Phase hit threshold = 5 deg. no
; INB; - ' C Phase hit threshold = 10 deg. no
- 'INC; v : Phase hit threshold = 15 deg. no g

IND; ‘ Phase hit threshold = 20 deg. no
INE; ' Phase hit threshold = 25 deg. no
INF; ' Phase hit threshold = 30 deg. ‘no
ING; ‘ Phase hit threshold = 35 deg. - no
INH; . Phase hit threshold = 40 deg. no
INI; Phase hit threshold = 45 deg. no
s . INJ; : g Gain hit thresheld = 2 dB no
. _ - INK; Gain hit threshold = 3 dB no
. : INL; Gain hit threshold = 4 dB no
- INM; - Gain hit threshold = 5 dB no
s : INN; - Gain hit threshold = 6 dB no
L INO; Gain hit threshold = 7 dB no
iNP; ' ' . Gain hit threskold = 8 dB no
ING; . ‘Gain hit threshold = 9 dB nc
INR; ! Gain hit threshold = 10 dB no
INS <cnt time>; Duration of test yes

INT <thrshld>; Low impulse threshold yes

1/0 SET UP COMMANDS

100; s Normal mode , no

o o I0l; . Output mode _ no
o I02 <address»>; HP-1B address entry yes

‘ I03; _ RS-232 ENQ/ACK protocol . no

{ I0Y; - RS-232 TX-on/off protocol no

L I053. 0 ' RS-232 No software prototcol no

;1063 ~ RS-232 Auto handshake : no

. I07: , .~ RS-232 No handshake no




.' . " " ‘;'."". I
[ ﬂP h9h5A“ Nt A "
{¢v  170, Module bodeﬂ TR

|,1

H
| I

3 . ‘!."."3,".- |'.
RS R Pty e :

_‘ "‘Mnemonlc-’ Function

'_;i.i

e “1)0 SET UP'COMMANDS (con't)

Set baud rate = 50

s 109, Set baud rate = 75
I0A; _ _ Set baud rate = 110
'I0B; y Set baud rate = 150
- I0C; . Set baud rate = 300
IoD; Set baud rate = 600
IoE;, ‘ Set baud rate = 1200
I0F; _ Set' baud rate = 2400
106G} S " Set baud rate - L4800
IOH; : ' Set baud rate = 9600
TI01: No parity -
I10J; _ Even parity
IOK; - 0dd parity
0Ly - R Mark parity
IOM; ' Space parity
ION; Half duplex
Y- 1003 : ~ Full duplex -
I0P; o 1 stop bit, length 7
IOQ; o . - 2 stop bits, length 7
Cd - . IORy . - ‘ 1 stop bit, length 8
S ©oo 108y ' 2 stop bits, length 8
).’s ‘ .‘ ‘
. JITTER
1 . :
Jgro; . Amplitude jitter off
I - ~ Amplitude jitter on
TRy C Phase jitter off
b JT3s Phase jitter on
I © JP4y 20-300 Hz _
S TTSs : 3-300 Hz '
N - JT6; 3-20 Hz
S R £ } o . Measure all
St LEVEL FREQUENCY
S - LFOy Level frecuency
o LF1; . 60 Hz filter out

LF2; =~ 60 Hz filter in

NI T S | 818"

Data Entry?

no
no
no
no
no
no
no
no
no
no
no
no
no
no
no

no
no
no
no
no
no

no
no
no
no
no
no
no
no

ne
ne
no



N - HP 4ohS5A
\ I1/0 Module Codes

Mnemonic : - Function Data Entry?
LEVEL
- LY0 <level>;; Program transmitter level yes
. Lvi; - Level 1 no
Lva; L Level 2 no
Lv3; . Level 3 no
LVY; ' Level 4 - no
LvS;. Lovel 5 no
 LV6; _ Quiet termination no
LVT; _ Step size = ,1 ' no
vy ' Step size = .5 no
LVOs ‘ : Step size = 1 ' no
. LVA <level>; Progrem level 1 _ yes
" LVB <level»; - Program level 2 yes
LVC <level>; Program level 3 yes
LVD <level>; i Program level 4 yes

- LVE <level>; . Program level 5 yes

MASTER/SLAVE SET UP

- Mso; M/S mode off ' no
- MS1; A _ Master & Master to Slave no
. Ms2:. S Master & Slave to Master no

MS3;. ' Slave . ‘ no

NFO; - C-message Silter . no
" NFl; o 3 KHz flat . no
.- NF23 15 KHz flat no
NF3; P ‘ Program ' no
NFh; o , 50 Kbit ‘ no

If one of the noise filter commands is selacted vhen starting to make transient
measuremente, the transient measurement will be replaced with noise with tone.
- To avoid this replacement send at least one other transient control command
after lelecting noise filter. :

 NORMAL, DISPLAYS HARDKEY

D3 ‘ Normal displays = no

819 -
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1/0 Module Codes

o

~ OUTPUT IDENTIFICATION

P

Mnemonic

NOISE COMMANDS

NOO;
"'NO13

- NO2;

. NO3;

‘Function

Noise with tone

- Signal to noise

Noise '
Noise to ground

| OUTPUT ERROR (RS-232 cnly)

OE;

b

e ¥

-ONE;

- OFB;

1o

ONL;

: OFLs

!

- ECHO ON/OFF (RS-232 only)

~ LOCKOUT ON/OFF (RS-232 only)

Data Entry?

no
no
no
no

Output the string "STSWD ddd CrLf” where ddd is a

three character ASCII numbar,
spaces.

Output the string "HPhYLSA”
when talk addressed

"Echo mode on

Echo mode off

Enter remote with local
lockout mode
Enter local mode

OUTPUT COMMANDS {(HP-IB and HP-IL only)

ouo;
ouUl;
ouz;

ou3;

' OUTPUT ‘HARDKEY

- QUT;

' Mask SRQ on data available

Generate SRQ on data ready
Hold off linefeeds until ready

"Release linefeeds

1

Same -as, output hardkey

 K}At$Té0‘ :l _“~i$ ‘.:

including leading

no

no
no

no

nho
no

no

no




T Co ' I/0 Module Codes

. . ' Mnemonlc Function Data Entry?
- ' PEAK TO AVERAGE RATIO
PAR; . . PJ/AR no
" RETURN LOSS
RLO; i - Two wire | no
RL1; o : Four wire, 0 TLP ' no
_RL2; o Four wire, -16 TLP ‘ no
RL3; Sine wave _ no
RLY; : . Echo ‘ ‘ no
RL5; " Low singing no
“RL6; ‘ ' High singing = - no
RLT; _ C Measure all ~ no
. RL8; B 600 ohm reference impedance no
RLO: _ '900 ohm reference impedance no
RLA:; o - External standard impedance in no
- RLB <loss>; o Enter hybrid loss yes
. R ) -RSTF L o Reset | ne
S .‘_ : The ﬂP.h955A goes to the following state: -
) ‘Menu o . Test select
Frequency . N 100Y Hz
Display Level (on HP 4944A Envelope Delay mode)
. THNT/RCV Imp 600 ohms
Rev Term hold goiis - off ’F
+SF skip off
l _Voice limit , off
Haster!s}ave~ 0 off
L Direction . ‘ master to slave
,oUh i ralkbat. | off
S " Self check - 'full
;; - Mode , ' 1
T . Segment - o1 _
. Stopon . . - check end
1 e - : |
g '3721= ;. - .
R - T B ’5:




HP hghsA, .
1/0 Module Codes

: M'nemonlc- - | Function Data Entry ' o
 RESET (con’t) | |
: Noise | .. .~ - noise with tone '
-msg‘filfer | | ~ in :
~ 60 Hz filter out \ _ _ .
- Sweep = - stopped ,
Single | |
From ‘ - : 204 To 3904
Step = ? 106
Rate o ) fast
.Measurement ' ; . level frequency
_ Quiet term
e 1004 Hz
 Jitter . ' '20-300'Hz band Amp. and phase
' ‘Return.loss | measure all 2 wire Hybrid loss 00.0 4B K
'J;fEnbelope delay _ o normal :
- Transients ; stopped .
o L ' .15 min.
v f\“_-' . o 4 dB stup

.68 dB ‘threshold
20 deg. threshold
10 dB gain hit
Imp 600 ohms

" Level softkeys defaults  7.0,0.0,-6.0,-13.0,-29.0

 Frequency softkey defaults  30l,k40k,1004,2804,300k,2713

ﬁolumé ! : of f o N
Level F 3 ;
* Monitor. o . receive
'Beep - o _ on
_TRHT-RCV switch TRMT-RCV

'Ji '

jResets the queues, stops any measurement; in process. Mode of instrument goes to
xﬂnormal direct mode is exitqd. . : : -

o )

gleeceive/Transmit Transmit/ﬁeceive hardkeys S o F "
"V",;Rm»* v o B Recieve - transmit . ‘no . .
k : : TTQBSMit -recieve - = . no . .

: m’ | ‘j_i_ .

v 8-22
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. Mnemonlc

SELF CHECK

SCo; o
S(‘l; ; ”ﬁ;“.ﬁ:‘:."d

sc2; !

. SC3<mode>-

SCl<seg>;
SC5;3 |

§C6; e
vosety
v 8083

sc9; |

N _
Function’

‘Stop fuil-diagnoqtics

Start full diagnostics

Full self check
" Mode self check

Segment self check
Nonstop

. Check end

Fail ' mode

_.Fail end
' Calibrate

SPECIAL DISPLAYS COMMANDS

-SPD;- ».j b

'*som' KEY STATES

Special displays hzrdkey

HP 49l5A
/0 Module Codes

Data Entry?

‘no
no

no
no
no
no
no
no
no
no

ne

These mnemonics - will place the softkeys. into state s, where s is one
‘If an jnvalid state is specified, state 0 is sge-
lected. These mnemonics should only be used to program retrofitable op-
Iions, since mnemonics to program everything else have been provided.

numeric ASCII character.

+ SK1 =3

SK2 83

. SK3 83
SKk 83

SKS5 s; .
SKé s; .

. SKT =3

~ SKB =s;

SWEEP SET UP

Program
Program
Program
Program
Program
Program

‘Program

Program

noftkey 1+to

softkey 2 to

softkey 3 to

softkey 4 to

softkey 5 to
softkey 6 to
softkey T to
softkey £ to

gtate
state
state
gtate
state
state
state
state

Single sweep °

Continuous sweep

Step rate = .3/second
Step rate = 1/second
Step rate = 3/second

Yes
Yes
Yes
Yes
Yes
Yey -
Yes
Yes

no
no
no
no
o
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HP h9h5A |
I/0 Module Codes

' M'nemonlc

AT

LT

: SNEEP SESTUP (con t)

.SHT <freq.

- SW8 <freq.>;
' SW9 <step >;

*Time and data output format'

'REAL TIME CLOCK

Function

- Set lower limit'

Set upper limit

'-,Enter step size

Note

Data Entry? .

yes
yes
yes

| This command will be executed without sending the EXC;

. command since this is not measurement data,
data type will be returned for the same reason.

‘1=

TiH;

Read real time cloc

”'TRANSMITTER/RECEIVER SET UP

f ‘-:_'.-TR()-

s Slave

Transmltter imp

bridge

k.

No . ENDST

no

'MO-DY-YR , HH.HH <AM or PM or >

= 135 ohms ne

Transmitter imp. = 600 ohms no
Transmitter imp. = 900 ochms no
. Transmitter imp. = 1200: ohms no
Reciever imp. = 135 ohms ne
Reciever imp. = 600 ohms no
Reciever imp. = 900 ohms no
~ Reciever imp. = 2200 ohms no
- Term ‘ no
Bridge no
SF skip off no
SF skip on no
Voice band limit off neo
Voice band limit on no
Slave transmit imp. = 135 ohms no
Slave transmit imp. = 600 ohms ' no

Slave transmit imp. = 900 ohms no "
Slave transmit imp. = 1200 ohms no
$lave Recieve imp. = 135 ohms no
. Slave recieve imp, = 600 ohms  no
Slave recieve imp. = 900 ohms no
‘Slave recieve imp. = 1200 ohms no
 Slave term - no
no




o o | - . -+ HP holsa
S o . . : ~hen L]0 Hodule Codes
LR : .

AR o

. oo . Mnemonic ' - Function .+ 'Data.Entry?
VOLUME PROGRAMMING BTN
I S | % P '+ Volume level 0 _ } ‘no
g vLi;. ' Volume level 1 , no
vL2; : Volume level 2 _ ‘ no
vLy; s . . Volume level 3~ = ' " ' no
VLL; o . Volume level 4 ' no
VLS; " Volume level 5 ‘ no
VL6; . . ' . Volume level 6 .. no
VLT; o Speaker off no
VL8, ; . Speaker on ~ no
_ o .Monitor receiver no
VLA; B - Monitor transmitter - no
VLB; - Keyboard beep off no
. VLC; R . Keyboard beep on o no

ZERO FUNCTION ‘

oy Level zero . . no |
Ly . . Delay zero : o




e




2. "Seven front pa.nel LEDS all come on briefly, then flash and go off.

o _wﬁ L © ' HP 4945A
o : - Operating Verification

‘ APPENDIX A OPERATING VERIFICATIONJ-
INTRODUCTION EIEE NS

-This appendix con uains procedures to verify the operation of" tha HP thJA and can be
‘used ‘as an ‘'incoming inspection ‘clieck.)’ ' The verif:.cation is divided into two

procedures, Power-On Self Check and Dlagnostics ..The Power-0n Self Check is
automa.tically performed when the ipstrument is first turned on. The Diagnostlc tests
- can’ manually be run after that. o y .
I I ! ] :.“ . | ' l“ ' ’ “ ‘ ! Iu | !‘. i ‘; ‘
| POW.E_B-ON SELF -.CHECK T
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At powe"-on, the HP 1591}5;\ executes a ...eries of self tests on the digital and analog
circuits. . Errey’ codes ‘are displayed in the ' event of a hardware failure. The
1nstrum9nt also beeps ' and lights "the ;‘ront. ‘panel LEDs to indicate the passage of

- 'some d:gital tests and to ‘£erve as an :ind:i.ua.ticu:'.j in case the display hardware is not

MCtional ‘~- . B ) 1:j :
! f‘ ‘r ‘1“.:."' l L !

Powe;von LED and Besp Sequence- |
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1. a0 cm-man en.

These LEDs
_are located ‘next to VOLUME, LEVEL, FREQ., TRHT/RCV, RCV/TRMT, and HOLD.
S ‘ g ,
-3, ‘A11 passes - VOLU'ME LED on and 1 ‘beep. ‘ '
; ‘ A .
R T A12 passes - LEVEL LED and and Z beeps. ' |

s . 5. A13 passes - FREQ LED on s.nd 3 beeps. o
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" --';'!7') A0 CRL LED, off.

e, TRMT/RCV LED on., ! -_
“0'0% 9. ALG CRL LED flashes.
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Error Codes

- Power-on self check errors are displayed as they occur. The test program discovers .
and displays as many errors as possible before arriving at a point where further

'testing is pointless. If a key is pressed when the test program has stopped, the

.- instrument attempts to go on with the tests.

'

;;WJifﬁnEQxamb;é érrqr code‘display'is shown below.
4740 L POWER-ON SELF -CHECK ERRORS

008 013 113 213 - kok

605 606 T00 Etc.
o The error codes are, three digits and are divided into several error groups as shown
' bﬁlo“o Lo 1;,

Errpf Code Groubs
.‘ o1 , ‘ .
. O0XX - ROM checksum errors :

7 1XX - ROM location code errors _ :
' 2XX -~ ROM revision code errors ' .

3XX - RAM write/read errors
- 4XX - System peripheral hardware errors
4" 5¥X - System IRQ line errors
b XX - Receiver digital hardware errors
‘ éﬂf‘e . TXX - Analog hardware errors _ :
P L 8XX - Interface errors, port 1 : .
Ml ' 9XX -~ Interface errors, port 2

Following is a summary,of the self check error ¢odes, a description of each circuit
- tested and the possxble failura.

Mainframe Error COdes

L

TR Code . .W,Circuit tested/failure‘ o

i '5¢000‘.f"‘ NAll‘UGOh System 'start-up ROM - bad checksum

ay -190;593 { “Ai2 U100, Main "OoM #1 (6000 OFFF) - bad checksum
"‘ 002:‘1” .- A12,/U200, Main ROM #2 (ACOO-DFFF) - bad checksum
oo 003 ’ A12 U300, Bank 1, ROH (2000 SFFF) - bad checksun

‘ool | [ia12 U400, Bank 2 ROM (2000-SFFF) - bad checksum

:w _ 0Q5~fﬁél A1z U102 Bank 3 ROM’ (2000 -5FFF) - bad checksum
'“@‘1006 T - bad checksum

M2 v202, Bank ‘4 RO {2000-5FFF)




007

008

009

011
012

o013

o1k

015

016
017

018

100
101

111

st
218 4
A

102
103
104
105
106
107

108

109

112
113
114

115

116
117
118

:;200
200
202

203

- 204

. 205
206

r207

. 208"

L2099

211

212 .
‘;' 213"} .

21h

215

216

[

U2 U302,

U12 U104,

- U12 U204,

A10 U607,
Al0 U507,
A10 UYoT,
A10 U308,
A10 U307,
A10 U306,
A10 U305,

]

Bank

5'Rou‘(2ooo-5FFF) - bad checksum

Bank 6 ROM (2000-5FFF) - tad checksum
Bank 7 ROM (2000-5FFF)} - bad checksum

Receiver ROM #1
Receivar ROM #2
Receiver ROM #3

.Receiver ROM #4

Receiver ROM #5
Receiver ROM #6
Receiver ROM #7

(E000-FFFF) - bad

{C000-DFFF) -~ bad
{ACO0-BFFF) - bad
(8000-9FFF) - bad
{6000-7FFF) - bad
{4000-5FFF) - bad
(2000-3FFF) - bad

checksum
checksum
chechzum
checksum
checksum
checksum
checksum

A9 U40C, Transients Board ROM - checksum error

A1l U60L,
A12 U100,
Al2 U200,
Al2 U300,

A12 U400,
- Al12 -uio02z,

A12 U202,
A12 U302,

“A12 UtOL,

Al12 G204,

'A10 U607,
A10 U507,

A10 Uo7,
A10 U308,

" A10 U307,
. AL0 U306,

A10 U305,

A9 U400, Transients Board ROM - bad loc.

A1l U6GOL,

... A12 U100,

Al2 Y200,

- A12 U300,
~ A12 uloo,
. Al2 U102,

Az2 U202,

‘A12 U302,

Al2 UL0k,
Al2 vzo0L,

A0 uéo7,
- 410 U507,

A10 ‘U407,
A10 U308,

':  AlQ U3OT|

A10 U306,
A10 U305,

System start-up ROM - bad loc. cade

Receiver ROM #2
Receiver ROM #3
Receiver ROM, #U
Receiver ROM #5
Receiver ROM #6

.Receiver RCM #7

'Main ROM #1 (6000-9FFF) - bad loc. code
‘Main ROM #2 (A0Q0-DFFF) - bad loe. code

code
code
code
code
code
code
code

Bank 1 ROM (2000-5FFF) - bad loc.
Bank 2 ROM (2000-5FFF) - bad loc.
‘Bank 3 ROM (2000-SFFF) - bad loe.
Bank 4 ROM (2000-5FFF) - bad loec.
Bank 5 ROM (2000-5FFF) - bad loc.
Bank 6 ROM (2000-5FFF) - bad loc.
'Bank 7.  ROM (2000-5FFF) - bad loc.
Receiver ROM #1 (E000-FFF) - bad loc. code

{CO00-DFFF) - bad loc. code

(AGOQ-BFFF) - bad loc. code

(8000-QFFF) =~ bad loc. code

(6000-7FFF) - bad loc. code

{LOOO-5FFF) - bad loc. code

(2000-3FFF) - bad loc. code
code

System start-up ROM - bad rev. code

Main ROM #1 (6000-9FFF) - bad rev. code
Main ROM #2. (AOOO-DFFF) - bad rev. code

Bank 1 ROM

Bank 2 ROM (2000-SFFF) - bad
Bank 2 ROM (2000-SFFF) - bad:
Bank b ROM (2000-5FFF) - bad
Bank 5 ROM (2000-5FFF) - bad
_Bank 6 ROM (2000-5FFF) - bad
Bank 7 ROM .(2000-5FFF) - bad

.(2000-5FFF) - bad

rev.
rev,
rev.
rev.
rev.
rev.
rev.

Receiver ROM #1
Receiver ROM #2
Receiver ROM #3
Receiver ROM #4-
Receiver ROM #5
Receiver ROM #6
Receiver ROM #7

" A9 ULOO, Transients board ROM
‘Receiver software (overall)

code

‘code

code
code
code
code
code

(EO00-FFFF) - bad rev. code
{CO00-DFFF) - bad rev. code
(ACQO-BFFF) - bad rev. code
{8000-9FFF) - bad rev. ‘code
{6000-~TFFF) ~ bad rev. code
(k000-5FFF) - bad rev. code
(2000-3FFF) - bad rev. code
- bad rev. code

- bad rev. code

HP Lohy5A
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300 - A1l ULok, System STACK RAM (0000-07FF) - R/W error
301 A10 U503, System SHARED RAM (0800-OFFF) - R/W error
304 Al12 U500, System RAM (E000-E7FF) - R/W error
305 - A12 Uho2, System RAM (EB00-EFFF) - R/W error
306 A10 U503, Receiver SHARED RAM {(0000-07FF) - R/W error
307 A10 U405, Receiver RAM (0800-OFFF) - R/W error
308 A10 U505, Receiver STACK RAM (1000-17FF} - R/W error
309 A10 U503, System/receivr SHARED RAM - dynamic R/W error
310 A1l U20Y4, System RAM (bank 0, 2000-27FF) - R/W error
311 - A13 U502, Character RAM (bank 0, 2800-2BFF) - R/W error
312 A13 U503, Attribute RAM (bank 0, 2C00-2FFF) - R/W error
313 " A13 U306, Display RAM (bank 0, 3000-37FF) - R/W error
31 . A13 U206, Display RAM (bank 0, 3800-3FFF) - R/W error
315 ° ' A13 U305, Display RAM (bank 0, 4000-47FF) - R/W error
316 _ 413 U205, Display RAM (bank 0, 4B00-MFFF) - R/W error
317 ‘ A13 U203, Display RAM (bank 0, 5000-57FF) - R/W error
318 1 Al13 U102, Display RAM (bank 0, 5800-S5FFF) - R/W error
319 A9 U600, Transients RAM - R/W error
.320,321  Al12 ULOYW, System RAM (1400-1BFF) - R/W error
322 Whl2 UL06, U107, System RAM. (1C00-1FFF) - R/W error
Loo ‘All U606, Programmable timer error
“ho1 - | A12 UT03, PIA error
402 ‘[ Not used |
“ho3 - J, A12 U308, Real time clock error
kol / A13 U702, CRT controller error
500 System IRQ error - system IRQ line is held low
501 . .Recei»er fails to write anything into SHARED RAM (A10 U503)
502 Receiver writes incorrectly into SHARED RAM (A10 US03)
503 - Receiver does not respond by pulling on the system IRQ
o : - line (Pl pin 9 on A10 and Al1l)
504 " System IRQ error - system IRQ line (driven by A10)
o L does not function properly (Pl pin 9 on Al0 and A11)
© 505 -ﬂ”= Power-on self check data received from the receivar

({ u processor was sent with a bad checksum

600 Receiver digital bus bad - cannot talk to boards Al
o "through AT and A9

604  Receiver cannot talk to Al

605 - Receiver cannot talk to AS :
. 606 'Receiver cannot talk to A6 . :
607 Receiver cannot talk to AT ‘
609 . Receiver cannot talk to A9 (handshake error)

610 Receiver cannot talk to input buffer (A9 U502)

611 - Receiver cannot read output buffer (AS U4GC2)

612 . Receiver cannot read:output buffer (A9 U302)

700 ' . Analog hardware errér

3 . ' ."




- 807
808

800
801
Boz2
803

80k,
805

806

820

‘821
-822

823

g2k

: Port 2

900

. 901
902

903
9ok

" go5

906
907
908
920
G21
922
923
924

Port 1
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Inferface Error Codes

'RS-232 I/0 processor internal RAM read/write error

RS-232 ROM checksum error
RS-232 External RAM error (U202)
RS-232 UART internal loopback error

HP-IL 1/0 processor internai RAM read/write error

HP-IL ROM checksum error

HP-IL system cannot read/write to BP-IL chip

HP-IB I/0 processor internal RAM read/write error
HP-IB ROM Checksum error

Invalid code read from interfacu

Status bit fails to go true after 55 hex written

55 hex code written to I/0, AA hex code not read back
Status bit fails to go true after AA hex written

~ AA hex written to I/0, 55 hex not written back

RS-232 X/0 processor internal RAM read/wrife error
RS-232 RCM checksum error
RS-232 External RAM errox (U202)

- RS-232 UART internal loopback error

HP-IL I/0 processor internal RAM read/nrite error

“" HP~-IL:ROM checksum error
. HP-IL system cannot read/write to HP-IL chip
"HP-1B I1/0 processor internal RAM road/urite error

HP-IB ROM checksum' error

‘Invalid code read from interface

:Status bit fails to go true after 55 hex written

‘55 hex code written to I/0, AA hex code not read back
Status bit fails to go true after AA hex written

AA hex written to 1/0, 55 hex not written back

A-5
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s omenosncs

The diagnostic checks allow you to varify the instrument operation. If a faulty
‘ segment is found, the instrument may still be functional for the other measurements.

- \
' To access the diagnostic modeS'(see Table A-1), press the SETUP hardkey and then

' press the CALIBRATE SELF-CHECK softkey.

You ﬁoﬁ'Have‘the choice to run all the diagnostic modes, a specific mode, or a
specific path within a mode, You can also specify the trigger condition on which the
test can be - stopped See Tablz A -2,

To run all the modes,'select FULL SELF CHECK and then preas START/STOP. '

To run a specific mode, select MODE SELF-CHECK, press MODE and then enter the mode
number from the keyboard and press ENTER.: Press the START/STOP key to start the mode
test

-To run a particular path within a mode, first seléct the mode and then select
(SEGMENT) SELF-CHECK. Press SEGMENT and enter the data segment number associated

" with that path from the keyboard. ‘Press ENTER and then press START/STOP to start the

- _path test. . )

Table A-1. ‘Diagﬁostic Modes

v

Mo&e-Number"“' R Title

1 ‘Detector Digital and ADC Check (A5)
2 Detector Calibration Check (A5)
3 ‘Bagic Transmitter Check (A5, Al15)
s  Wideband Autorange Amplifier Check (Al, A15, AlT)
5. " Narrowband. Autorange Amplifier Check (Ah Al15, ALT)
6 '{ Frequency Counter and Crystal Check (AL, A8, A1k, A15)
T  Transmitter Single Tone Check (A4, AB, Alk, AlS)-
8 Transmitter Multi-Tone Check (Ak, A8, A1k, A15)
9 Trangmitter Filter Sweep (Al, Al5)
10 Transmitter Alternate Channel Check (A4, A8, A15)

11 " Wideband Filter Calibration (A1, A2, Ab, A12 ALT)
' 12 A2 Filter Sweeps (A2, Ak, A5, Al7)
13 A2 Filter Sweeps Continued (A2, AL, A5, A1T)
b Al and A18 Check (AL, A2, Ak, A5, A1T, A18)
15 - .| - IMD Hardware Check. (A2, A3, Ak, A5, ALT, A18)
16 ' | IMD Filter Calibration {A2, A3, Ab, ALT)
17 - | Jitter Digital and Phase Lock Loop Check (Al, A6)
18 ;Jitter Calibration (A6)
'19 ' .| “Envelope Delay Hardware Check (A#, A5, AT, All, A1T)
- .20 Envelope Delay Calibration (A1, A2, Ak, AT, Al?)
: 21 .-} Transient Measurements Check, (A1, A2, Ah AB, A9, ALT)

i"22 o A3 FSK Demodulation Check (Al, A2 A3. Alh Al?)
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o , : Table A-2. Stop-on Conditions
‘ ~ Condition Description

CHECK END - Stops at the end of the selected test (i.e., at the
end of the selected mode or at the end of all modes
when FULL is selected).

-‘FAIL MODE - ‘Stops at the end of the node in which a failure has
‘ occurred, This mode runs non-stop if no error
oceurs, :

FAfUrﬁﬁD - Stops after running all the modes when a failure
oceurs,.

NON'QTOP - Run the selected tests continually

'gwhen the test stops because of one of these conditions, press START/STOP
to start the test over again. ;

 Press START/STOP to menually stop the test.
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Diagnostics - Mode 1

MpDE 1. Detector Digltal and ADC Check (A5)

This mode checks the digital circuits and the analog to digital converter on the A5

Dete ctor board

The first six segments verify the digital ecircuits around the analog to digital '
converter and measure the time period of the A5 cahbration signal.

The last f:i.ve tests check the accuracy of the analog to digital converter and the
functions ‘of the detector multiplexer switch.

Follouing is a summary of the Hode 1 tests.

. Results
Data _ Displayed
- . Segment - - Test Should Be Path
1 "Board Presence Test 0+-0 1
2 . Walking Ones Test 0 +-0 2
R not used _

4 Comparator Tests 0+~ 0 3

5 not used '

6 Tracking ADC Tests 0+~ 0 4 . '
T . Peak Detector Tests _ 0+~ 0 5
8 Cal Signal Digital Tests 0+~ 0 6
9 | Count . Up Period Test 4096 +- 20 6
10 Count Down Period Test 4096 +- 20 6
11 | not used ' '
co12 Tracking ADC Accuracy 188 +- 18mV 7
- 13 not used
L. 1h Voltage Reference Test 909 +- 11 mV 8
o 15 . not used . . - '
- 16 | Receiver +5.0 V CLN 5000 +- 250 9
: Y o
, "“,-;_ N : : A-8
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Diagnostics - Mode 2

MODE 2. Detector Calibration Check (AS)

T-his',mo'de | calibrates the A5 detectors and then checks the calibration constants
against known' limite-. A check of the A5 analog circuits is also dorae.

Ea.ch detector’s input/output characteristic is a linear function with slope and
- 'intercept values. The dc offset refers to the intercept and the gain constant refers

to the slope; each is expressed times 1000. The de offset is in millivolts and the
gain constant is in dc volts output divided by the ac volts irput ( displayed in the
appropriate measure of ac; e.g., average, xms or peak).

© - The comparator de offset is an intentional dc offset in the A to D converter which
- measures  all detector outputs, The offset lets the ADC measure detector offsets

that are less than 0 volts. Thusg, the input voltage range of the ADC is 10 volts
wide hut_ is shifted by the negative dc offset voltage of the comparator.

Note. Data segment 1 must be run before any other path since the data acquired in

- data segment 1lis used by the other data segments.

Following .is a summary of the Mode 2 tests.

- : Results
Data |: ‘ : Displayed :

. Segment | . Test - : o Should Be Path
1 190 mV dc offset ADC comparator 188 +-18 mv 1
2 not used: - .

3 |0 de offset rms detector 0 +-10 mV 2
4 ]1000 gain constant rms detector (XlOOO) 1000 +-20 3

5 not used _

6 |0 dc offset FWA wideband detector "0 +=170 mV L
T 2000 gain constant FWA wideband det.(X1000) 2000 +-20 5
.. 8 |0 de offset FW rectified path 0 +-40 mv 6

9 909 gain constant FW rectified vath 909 +-5 7
~ 10 ‘Inot used _ ‘

11 |0 dec offset FWA narronband detector - 0 +-70 mV 8

.12 |2000 gain constant FWA narrowband det(XlOOO) 2000 +-20 9
.13 |0 dc offset FW rectified path 0 +-15 mV 10

.~ 1% ']909 gain constant FW rectified. path (X1000) 909 +-5 11
15 [not used ;

"16 [not.used.
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Diagnostics - Mode 3

MODE 3 Baslc Transmltter Check (A5 A15)

This mode conneets the self test signal (ST16) from AlS directly to the AS. input
multiplexer. A 1024 Hz, .775 Vims sine wave is transmitted and measured with the FWA
wideband and RMS detectors (Paths 1 and 2).
with an additional 10 dB of loss introduced by the fine attenuator on Al5 and again
measured by the -two .detectors (Paths 3 and b).
signal is’ set to .775 Vrms.and & rough frequency check is made by setting the A5
comparator’ thréshold to .33 V and measuring the time between' threshold crOSSings by

the FH rectified signal.

Folloning is a summary_of the Mode 3 tests.

The sams . signal is then transmitted

In the last segment (Path 5), the

: s Results
Data - Displayed :
© Segment " Test Should Be | Path ‘
| FWA voltage in mV 698 +-. 20 1
2 'RMS voltage in mV 775 +- 20 2
S 3 not used “ : .
R ' "FWA voltage -10 dB 221 +- 20 3
T5 | RMS voltage -10 dB 2k5 +- 20 4
E .6 - ‘not used ‘
7 Time in microseconds | 1024 +- 30 5
8 thru 16 ' not used .’ ‘

S T
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1

‘Diagnostics - Mode k

MODE 4: Wideband Autorange Amplitier Check (A4, A15, A17)

This'mode checks the transmitter course'atténuatof on Al7, the transmititer fine
‘_‘attenuator on’ A15 and the wideband autorange amplifier on Ab. L

‘-;The displayed numbers represent the rms voltage output of the wideband autorange
- channel under all gain conditions. The rms voltage can be verified with an external
" 'rms voltmeter at AN TP5. A single railure can be located by observing the pattern
of failures on' the display. ' J
- Following is a summary of the Mode k tests including the attenuator and gain
settings.

S

IMTR 'XMTﬁ Wideband " Results

Data - Oﬁtput Course | Fine - Auto Amp. Displayed
Segment ‘(mV) | Atten. | Atten. Gain Should Be
1 1199 |- -10aB |, o0dB | -108B © 10000 +-100
2 1199 0dB | -10dB | - -104B ~10000 +-100 ,
-3 . | 1299 | ~-20dB | 0dB | - 04B . 0 +-100
'S 1199 | -10dB | -104B ' 04B 0 +-100 |
5 1199 | -30a8 | o0dB | +1l0dB 1 10000 +-100
6 1199 | " -~20dB | -10dB +10dB 10000 +-100
-7 | 1199 | -hoaB 0dB | +20aB. | 20000 +-100
8 3199 | -30dB ‘| -10dB +20dB 20000 +-100
9 1199 -504B | © 0dB +30dB | 30000 +-100
10 1199 -4oaB | -10dB +30dB 30000 +-100
o1 | 199 -60d8 | .0dB +40dB 40000 +-200
L1200 | 1199 -50dB | ~10dB +40dB %0000 +-200
13 | 1199 -70aB | 048 | +504B 50000 +-2500
14 1199 | -604B | -10dB +50dB 50000 +-2500
.15 1199 | -80aB | 0aB | = +60dB 60000 +10000 -5000
16 |-1199 ~70dB | -10dB’ +60dB 60000 +10000 -5000
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Diagnostiqs - Mode § .

MODE 5: Narrowband Autorange Amplitier Check (A4. A15, A17)

This mode checks the rece1Ver fine attenuator and the narrowband autorange amplifier

on- Ah

Folloning is a summary of tha Hode > tests including the attenuator and -gain

settings

Data | Qutput
 Segment | (mV)

XMIR

Qourse
Atten.

RCVR
Fine
Atten.

Narrowband
‘Auto Amp.
Gain

Results
Displayed
Should Be

1| 1199
2 1199

3 | 1199
k| 1199

-5 1199
6 1199

1199

1199
1199

11 1199

12 | 1199

Co13 | nge
ok 1199
w15 | 1199

16 11¢¢

Lo |
-8 | 1199

9

0

~104B
04B

 ~20dB
. -104B

-30dB

-204B .

- =hodB "
-30dB .

"45de :
-40dB

-604B

' -50dB
- =70dB.
~ -60dB - -

-80dB

-704B

0dB
-10aB

. 0dB .
. -104B

0dB

| -10dB

0dB
-10dB

0dB

- -10d3

04B
~10dB

'0dB
-10dB

' 0dB

~ -104B

-104B
-104B

0dB
0dB

' +10dB
- +10dB

+20dB
+204B

+304B -
| +30dB

+404B
+40dB

+50dB -
+50dB

+60dB

+60dB

A-12

-10000

'=10000

0

0

10000

10000

20000
20000

30000
30000

hoooo
40000

50000
50000

60000
60000

+-200
+-200

+-200

+-200

+~-20%
+-200

+-200
+-200

+-200
+-200

+~200
+~200

+-5000
+-5000

+2000/~5000

+2000/-5000
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Diagnostics -~ Mode 6

MODE 6: Frequency Coun'ter and Crystal Check (A4, A8, A14, A15)
This mode connects the selr test signal ST16, from A1S directly to the A4 input
multiplexer. A 625 Hz, -T75 Vrms sine wave is transmitted and measured Ly the A8
" frequency 'counter. The transmitter is then driven in sequence by the following clock
‘ signala.., - : v
@ A 10 kHz cluck derived from the 1 MHz system clock
e The 16 kHz clock from All
o The 131 kHz clock from Alk
o The 16 kHz from A1l
riquThe 131 kHz from a crystal on Alk
"o The 52h kHz from:the crystai'on ALl
'o The 1 HHz from the crystal on Alh
This helps ‘40 isolate bau oscillators asg well as’ verifving A8 operation. Since the
transmitter output is 1000 Kz with the 16 kHz anck it ig measured in both
narrowband and wideband channels. '

N Follqu;ng is a summary of the ﬂqde 6 tests.

Results

B Data - ;1 | Displayea | -
‘Segment - Test B Should Be Path
1 | 625 Hz from A15 (wide) : | 625+-1 | 2
2 1006 Hz from A15 (nér;é%) 1000 +- 1 | 2
3 1000 Hi“f;om 315 (wide)gy ‘”iooo += 11 3
b '81ﬁ2 Hz from AlSI(Uide) "B1924+-1 | N4
5 .-32768 Hz from A15 (wtde) 3£?S_+1/-o 5
| ‘6 i _65536 Hz from A15 (wide) 6553 +i/50 6
T thr; 16 ‘net used . X -

B A signal from A15 ‘sets the transmitter to the frequency for the particular segment.

":nghe signal level is .T75 Vrms. ' The signal is input to the receiver at the Al
“-mnltiplexer. The frequency is read at the A8 wideband channel,for paths 1 and 3

‘through 6. The narrowband channel is used for path 2.

- A;13.3-
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a0 "_ .- Diagnostics - Mode Vo

) Lo

Vi S . ! i . L

This mode fw::rmectm: "the self test signal output ’rom A15 directly to the A% input
multiplexeru A 32.Hz, .775 Vrms sine wave is transmitted and measured’by the AB

. frequency counter. The bits in the ‘transmitter- frequency counter are ‘changed orle at

a time to produce . higher su‘bsequent frequencies. Any errors in the fractlonal -N

'aynthesizer show up as frequency offsets dur:ng the test. The frequencies change in

' Following is a summary of the Mode 4 tests.

, ‘the, order listed belou. ‘ . I o o

1

" Data Fraquency and Results ; :
Segment Displayed Should Be . '
1 32 +- 0
2 33%- 0 L
3 34 +-0
b 1 36+ 0
5 1 4o #-0
6- | U8 +-0
7 64 -0
8 128 +- 0.
S99 | es6 -0,
100 | s12.4-0
11 j102h +-1ip"
a2 - [ 20M8 - 0
137 . 14096 +- 0 ,
v 1k | 8192 4= 0 |
, '“'15*_ 16394 (display 1638 +0 -1)
o 16 P 32768 (display 3276 +1 -0) -

‘_['. S : ‘
.‘: i

;‘The transmitter transmits frequencies sequentially in the order listea above., The
'gignal lovel from AlS is 1715 Vrms. The signal is input to AY and  is measuved on the
_AB wideband channel. ,

1

l;.'J.I ’. . ‘. A"lh _. " .‘ . . s . I '



HP hgohsa
Uperating Verification

- Diagnostics - Mode 8

i;;_MdQES:_ Transmitter Multi-tone Check (A4, A, Al4, A15)

L i- ‘ E ! . T
i . ' I "‘i‘ .
S s . 1 )

}¥y¢ f“',_' Thzs mode connects the A15 sell’ test signal output direc*ly to the Ab inpnt
ST pultilexer. Four frequencies are sequentially applied to All U402, U403, ULOY and
S UHOS with latch address 2 . (01) selected. The test then repeats using latch addresse:

‘ three (10) ‘and :four. (11)."

. These frequencies’ are read by the A8 frequency counter.

l
F011owing‘is a summary of the Hode 8 tests.

Any errors in the mu1t1 tone system appear as frequency offsets.

o Q- i SR :
B R Results
] S Data |- » Displayed
tuwr . Segment| Test Should be Path
SO T 1 lLaten Add. 2, 15 Hz 15 +- 0 1
o 2 Latch Add. 2, 240 Hz 240 +- 0 2
R 3 Latch Add, 2, 3840 Hz 3840 +- 0 3
ot Y Latch Add. 2, 61440 Hz | 614k +- 0 !
LU 5. not used L :
coon 6 jLatch Add. 3, 15 Hz 15 +- 0 5
SRR . T llatch Add. -3, 2h0 Hz 240 +- 0 6
Lo ~8 | Latéh Add. 3, 3840 Hz 3840 +~ 0 7
e 9 . |Latch Add, 3, 614L0 Hz | 61hh +- 0 8
‘ b 10 not used L .
IR 11 Latch Add. 4, 15 Hz 15 +- 0 -9
w0, 12 | Latch Add. Y, 240 Hz 240 +~ 0 10
(N 13 - [Latch Add. 'k, 3840 Hz 3840 +- 0 11
w R -~ 14 . |Latch Add. %, 6140 Hz | 614b +- 0 12
E - 15, 16 not ugéd f
b L 3 !l}. rl‘
"‘ J‘t. B '!’ ! {f
i h ' i _.f‘l Co
B ‘ . A
. e - B
r:\; 1 . i:; f‘f J' f
.'..!E : f ! ‘:. | !{ 7 ]
‘ |
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DiagndStics - Mode 9

ot

MODE 9: Transmitter Filter Sweep (A4, A15)

This médé"éonnects the Al5 self test signal output (ST16) to the Ah4 input
multipléﬁe:. Two frequencies are applied to the two Al5 low pass filters and three
frequencies'afe applied to the Al5 IMD band-pass filter. These signals are at a .T75
Vrms lavel. The lavel of each frequency is measured at the filter output to verify
the filter performance. Errors in the midband gain and errors in the filter shapes
should show up as level errors, Frequency errors indicate severe filter distortion
or failure to. pass ,the signal
ir hy

Following is a summary of the Mode 9 tests,

o Results
-Data ‘ Displayed
Segment Test Should Be . Path:
"1 | 2500 Hz- |- 2500 +- 0 ' 1
2 0.0 ¢Bn | 0.0 +- .5 1
3 10000 Hz | 10000 4- 10 2
Y -18.0 dBm | -18 +- 2 - 2
5 not used
. .6 . liz200mz | 1200 +- 10 3
o 7 "} 1.5 dBn +1.5 +- .5 3
8 4800 Hz | 1800 +- 10 y
9 -22.0 dBm | -21 +-2 4
10 _not used
- 11 | 500 Hz 500 +- 10 5 |
oo 1e © ~30.0'dBm | -20 +- 2 5
i 13, | 1120Hz | 1120 +- 10 6
: A4 | 0.0 dBm 0.0 +- .5 6
. ‘15 | 1600 Bz .| 1600 +- 10 7
N 16| -9.0dBm | -9 +- 1 7




M_ODE.iO: Tranéﬁlltter'_Alte'rnate Channel Check (A4, A8, A15)

roll-off.
paths.

Diagnostics - Mode 10

 This mode'connects the A15 self test signal directly to the A4 input multiplexer. A
sine wave 'at 1000 Hz, .775 Vrms is output through the alternate channel amp (U305)
and the 20 4B attenuator (U505) in the transmitter’s alternate channel.
FSK "low pass filter U405 is checked at three frequencies
attenuation of the mark and space frequencies as well as the high frequency
Any alternate channel problems should appear in at least one of the test

: Foilqwing is a summary of the Mode 10 tests.

I

:10 thru 16 not used

'Results
Data _ Displayed
Segment | ' Test Should be Path
1 1000 Hz 1000 +- 10 1
2 -18.5 dB@ -18.5 +- .5 1
3 | . Not Used . |
h 800 Hg,f) 800 +- 10 2
'5 - -3.0 dB; | 3.0 +- 1 2
6 | 1200 iz 1200 +- 10 3
! 7 3.0 dBm -3.0' +- 1 3
8 2000 Hz 2000 +- 10 }
9 | -13.0dm | -134-1 l

- A-17

Operating Verification

to insure proper
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Diagnostics - Mode 11

_MODE 1t: w:deqand Filter Callbratrion (A1, A2, A4, A12, A17)

'A gain constant is generated for the PAR, Program and C-message filters on A2. The

- Al7 test signal (ST17) is routed through the appropriate A2 filter, (except for data
segment U4) through the AL wideband -autorange, and then to the FWA detector. A
. reference measurement is made witm.no A2 filter to determine the absolute level

variation. This reference value 15 subtracted from all filter measurements. The
measured A2 filter constants are stored in non-volatile RAM on the Al2 board.
This mode is ‘& caiibration only mode and . not intended for

_ Note:

{

troubleshooting. Mode 12 provides more information if one of the filters

fail. If mode 11 fails, mode 12 should also fail.
[

.. Following is a summary of the Mode 11 tests.

T

o Results
Data ; Displayed
Segment Test Should Be Path
1 | 1004 Hz, 0 dBm (600) PAR | 0.0 +-1,0dB | 1
'2° | 1004 Hz, 0 dBm (600) PRGM | ©.0 +-1.0dB| 2
-3 | 1004 Hz, 0 dBm (600) CMSG 0.0 +-1.0 "B 3
- 1ooh Hz, 0 dBm (600) 0.0 +-1,0 dB | b

5 thru 16 -not.

used

A-18



Diagnostics - Mode 12.

"MODE 12: A2 Fliter Sweeps (A2. A4, A5, A17)

'HP LghsaA
Operating Verification

This'mode does an abbreviated sweep of the A2 filters. The transmitter signal from
AlT goes through the A2 multiplexer (UT06) and through the selected filter. The
signal goes through the AL wideband autorange and then to the FWA detector on AS.

- 'All measurements are made relative to data segment 1.

TFollowing is a summary of the Mode 12 tests. ALl tests are done at a O dBm level
and 600 ohm termination impedance.

Results '
Data - - Displayed
‘Segment Should Be Test Filter Path
o 0.0 +-1.0 dB 1000 Hz |No filter | 1
2 -3.0 +-1.8 dB | 3000 Hz | 3 kiz 2
3 | -12.3+-3.0 4B | 6000 Kz | 3 KHz 3
4| -3.0 +-1.8'dB | 15.0 kHz | 15 kHz y
'5'.' -12,3 +-3,0 dB 30.0 kHz | 15 kiz 5
6 L +-1.0 eﬁ 100 Hz 50 k-bit | 6
7 0.0 +-1,0 dB 1000 Hz | 50 k-bit | 7
g | 8.3 +5é;d a8 | 40.0kHz | 50 kit | 8
‘9 | -12.6+-2.04dB | 300Hz | Program | 9
‘uio 0.0 +-1,0 dB 1000 Hz | Program 10
11 | 7.2 +-2,0 dB 4000 Hz | Program | 11
| 12.' -16.3 +-2.0 dB 300 Hz C-message | 12
13 | 0.0 -0 dB | 1000 Hz C-uessage | 13
;.lh. -15.0 +-2.0 dB | k000 Hz C-message | 1k
15 -1h.1 +-1.0 dB 800 Hz | P/AR 15
16 | -3.0+1.0a | 1526‘Hz P/AR 16

S A-1g
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Diagnostics - Mode 13

MQD,‘E _\'3:'A_2»Fllte'|" Checks Continued (A2, A4, A5, A17)

This mode continues the A2 filter checks The signal is routed from Al7 through A2.
After passing through the melected filter, the signal goes through the Al wideband
auxorange and: then to the FWA detector on A5, For the phase jitter filter, the

narrowband autorange path is used,

ﬁegment 1,

Following is a summary of the Mode 13 tasts,

tcrmination impedance. '

All measurements are made relative to data

All tests are done with a 600 ohm

' Results ,
, Data | . Displayed -
. Segments - Should Be Test " Filter Path
1" | 0.0 #-1.04d8 1000 Bz | No filter 1
| 2 -55.0 +0/-99.0 dB | 1010 Hz  Notch 2
| 3 --0}5 +- 1.0 QB 862 Hz Notcﬁ 3
4 |05 +-1,0 a8 1282 Hz | Noteh 4
5 2.7 +- 0.8 4B | 10,0 KHz | 10 kHz 5
6 |:a224-1.0a8 |20.0 Wz | 120 Kz 6
e A-21;6-+- 1.0 4B | 60 Hz 60 Hz 7
'-8,: 0.0 .+- 0.5 dB 400 Hz 60 Hz 8
9 fo0.0 +-~0.5a8 |1000Hz | 10 B 9
.10 | o-2.0 +"Q.5'dB: 400 Hz Phase Jitter| 10
11, | 0.0 +-2.5dB 2000 Hz ‘| Phase Jitter| 11 .
12 -1,0 +- 0.5 dB 1h5p Hz Phase Jitter| 12
13 | -3.0 +- 0.5 | 700 He Transient . | 13
LI | 0.0 ¥- 0.5 dB [ 1000 Hz fransient ik
a5 e300 +- 0548 | 1300 H2  Transient 15

16 . - nct_ﬁsed

A-20.
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Diﬁgnostics ~ Mode 1}
'-MbDE 14: A1 and A18 Check (A1, A2, A4, A5, A17, A18)

This mode tests the amplifier, attenuators, input stage and terminations'on Al and
the RTL transformer and RTL bridge on Al8. Segments 1, 2 and 3 use the Al7 test
signal as the signal source. The other segments use the two-wire return: loss path
-Prom : the ‘tramsmitter. The signal is then routed through A2 (no filters), Ab
(wie t:d autorange) and A5 (FWA wideband detector), Since the transmit signal from
ihe ‘return. loss bridge has not been tested, the termination test is also an Al8
-output’ check. This signal is routed from Al8 to Al without going through the active
‘output therefore the ‘active output stage on Al8 requires seperate testing,

Fo}louing 48 a summary of the Mode iy tests.

All tasts use‘a 1000 Hz transmit frequency.

. Results '
" Data Displayed Test
Segment Should Be (signal at AL7TP2) Path .
1 | 0.0 +-1.0 dB | 0.0 dBm (600) O Atten | 1
2 | 0.041.0dB [ -20 dBm (600) 20dB Amp | 2 g
_ 3:" '-20.0 %-1.0 dB- 0.0 dBm (600) 20 Atten | 3
' N -15.7 +-1.0 dB | 0.0 aBm (600) 135 ohm | 4
'5 ' '-11;3 +-i.o dB | 0.0 dBm (600) 600 Ohm 5
6 |-10.7 +-12.0aB | 0.0 dBm (600) 900 Ohm | 6 |
7 -10.% +-1.0 dB ‘.O;O.dBm.(gOO) 1200 Ohm | 7
JH | 8 '=0,2 +-1.0 dB ‘0.6 dBm (600) Bridge 8
9 2.4 +-1.0 4B | 0.0 ‘dBm (600) 900 Ref 9

10 thru 16 not used
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Diagnostics - Mode 15

© MODE 15: IMD Hardware Check (A2, A3, A4, A5, A17, A16)

\Thie mode teéts the"A3 circuits. The signal is routed from Al7 through A2 (with no
" A2 filters in) and through A3 where the signal can be picked off from the mixer

input or after the 520 Hz bandpass filter.

The Al wideband autorange is used and

" the signal is detected with the A5 FWA wideband detector, Frequency is measured on

A8,

Foilowing ié a summary of the Mode 15 tests,

A l,

wn o

nnnoan

S 15, 16 lqnotwuséd

No detect/detect at 860 Hz

‘For Data Segments 13 and 1k;

no tones detected
1380 Hz tone detected
860 Hz tone detected
both tones detected -

A-

22

: Results
Data - Displayed Test
‘Segment Should Be (signal at AL7TP2) Filter Patn
1 -15,+q{i90 dB | 1380 Hz, 0 dBm(600) Notch 1
2 -15 +0/-90 dB | 860 Hz,. 0 dBm(600) Notch 2
B 3 ~30 +o/fgo;da 2940 Hz, 0 dBm(600) Notch 3 .
Sy _430,40/-96 dB | 3280 Hz, 0 dBm(600) | Notch .
5 5,0 +-2.0 dB 490 Hz, O dBm(600) | BPF 5
6 | s{h'}-a.O'dh | SZO_H;.O.dBm(GOO) BFF 6
- 7 | %9 +-20d | 55 Hz, 0 aBn(600) | BEF 7
: . 8 | 5.4+-2.0 dB '-520 Hz, -30 dBn(600) | Mixer 8
§; ;.71+-2.o‘&a igoo Hz, 0 dBm(600) | Mixer 9
10 | 520 +-5Hz'. | 1900 Hz, 0 dBm(600) | Mixer 9
11 | 3.1 +-2.0 dB 2240 Hz, 0 dBm(600) | Mixer 10
12 1 520 +-5 Hz 2240 Hz, 0 dBm(600) | Mixer 10
| 13' see Néte ; N; defect/detéct at 1380 Hz | 1
- see Note 2




3

: 4
7';aa;"_,'5a 113.5 #-13;5:dB D, -k dam_(soo) 1400 Hz noise

o 5

7

J - ' C _ HP -4945A
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Diagnostics - Mode 16

'MODE 16: IMD Fliter Calibration (A2, A3, A4, A17)

This mode tasts the gain constan% of the three bandpass filters used in IMD, and the

noise floor of each filter. There is actually only one bandpass filter which is
preceeded by the A3 mixer. ' The mixer can generate a 520 Hz component from a 1990 or
2240 Hz signal. The resultant 520 Hz component has an amplitude proportional to the

1900 or 2240 Hz signal (depending on the mixing signal). Thus, there are three

different passband frequencies, the noise floors of each filter are not equal.

For Data Segments 1-3

The transmit signal is sent from Al7 to the A2 input multiplexer, through A2 on the

IMDI line to A3. The signal level is measured with the wideband autorange and the

rms detector. All level measurements are made relative to the level measured when

. the appropriate - frequency tone is sent from A2 directly to the wideband autorange
'(bypassing A3)

1

- For Data Segments 4 - 6

‘ ~The 4 tone IMD signal at 4O dBm is routed through each of the IMD bandpass filter.
- The signal then follows the usual IMD measurement path to the wideband autorange and

RMS detector. "The result displayed is the negative value of the noise plus one (for
example, 114 displayed is -115 dB 600).

: Following is a summary of the Hode 16 tests.

Results
- Data |  Displayed
' Segment Should Be ' Test ' Filter Path '
1| 5.4 +-1.0dB | 520 Hz, 0.0 dBm(600) | 520 Hz BPF 1
2 | ‘1.7'+-1.0 4B | 1900 Hz, 0.0 dBm(600) | 1900 Hz BFF | 2

3.1:+-l.0'dB 22L0 Hz, 0.0 dBm(GOO, ‘22h0 Hz BPF .

) 113.5_+-13.5.d3 IMD , -%0 dBm (600) | 520 Hz noise

E— . A V)

113 5 +-13 5 dB ..IMD , -H0 dBm (600) | 2240 Hz noise

thru 16 not used

I

R . A-23
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. . MODE 17: Jitter Digital and Phase Lock Loop Check (A1, A€)
0 This mode checks-the commuﬁication path oﬁ A6 (read/write fest). The A6 A to D

converter. is also checked. The phase lock loop, lock time is measured and the
A capture range of the phase jitter phase lock loop is checked,

Following is a summary of the mode 17 tests.

S oy f_ \ i Results
¢ ‘ Data ' ' : { Displayed

Segment . Test : ~ Should Be Path

1 Read/Write Test | 1 1
| 1=pASs, 0=FAIL

2 not used

N 128 +-10 1

NA | 128 +-10 1

N/A | 255.s0/-20 | 1,

3
L
| 5
3 6 not used
T  _mh§mL&k 0 450/-0 f 2
08 | Mz MLieck | o 4sof0 | 2
| f%&\‘l,Qh not used | |
‘&} .13 @ot used

“ﬁf%l | not used

e 20Hz PLL Lock 0 +50/-0 3

e | * ] 50/~ |
-fiéhg‘ Wz PLL Lock | 0 +50/-0 3
1y | not used

. f‘l' .

20Hz PLL Lock | 0 450/-0 | %

© 7716 MMz PLL Lock | 0 450/-0 4

P e L o : T
AN T R A=24
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. . | ‘ o ‘Diagnostics - Mode 18

' MODE 18: Jitter Calibration (A6)
. .'This mode calibrates the jitter circuits with signals from the transmitter and then
" checks the resulting calibration constants to within reasonable limits. This test is
a functional test as opposed {o a performance test.

Foll&wing is a summary of the Mode 18 tests.

SR » Results
Data R Displeyed
Segment © Test Should Be Path
1 AJ OFFSET L-300HZ | 0 +10/-0 3
2 | PJ OFFSET L4-300HZ 0 +10/-0 - 2
i3 ‘AT OFFSET 20-300HZ | 0 +10/-0 | 3
) "éq OFFSET 20-300HZ | 0 +10/-0 | &
© .5 ' AJ OFFSET 4-20HZ 0 +10/-0 5
. e lPJL_ QFFSET. Y4-20HZ 0 +10/-0 6
B o 7 | AT GAIN  4-300HZ 1485+-100 7
; 8 PJ GAIN  L4-300HZ | 688+-125 8
o  AJ GAIN 20-300HZ | 1.85+-100 9
10 - | PJ GAIN 20-300HZ 688+-125 10
e 11_ AT GAIN  4-20HZ 1485+-100 | 11
12 PJ GAIN  4-20Hz |  688+-125 | 12

13 thru 16  not used

i




HP- Lghy5A

Operatinngbfification

Diaénostiés - Mode 19

MODE 19: Envelope Delay Hardware Check (A4, A5, A7, A14, A17)

This mode verifies the AT hardware and its accuracy. A transmit signal from Al7 is
sent to the AY4 input muitiplexer. The signal is sent through the AL wideband
amplifier to AT where it gces through the HI-Q filter and then to the A5 FWA

wideband detector. Be sure;to run Mode 2 (detector calibration) before running this
mode. : :

If, inconsistent calibration data is used'(e;g., default calibration constants), this
mode is sensitive enough to have errors occur. This sensitivity is due to the fact
that'the A7 output signals route directly to A5 with no autoranging done.

A
.
e
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Diagnostics - Mode 19

Following is a summary of the Mode 19 tests.

H? h9hs5A

Operéting Verification

- Data; Results Displayed
' 'Segment | Should Be * Transmit Signal Test Path
| 6.6 +- 2.0 dB EDD CAL, 9 dBm{600) |HI-Q/CAL | 1 >
2 | 10.34-2.04B | 41.75 Hz, 0 dBn(600) |HI-Q/AGC | 2
3 0.0 +-0.5 dB | 41.75 Hz, 5 dBm(600) |HI-@/AGC| 3
' y -6.0,+-1.0 dB hlgo Hz, 0 dBm{(600) |HI-Q 4
5 =5.0 +-1.0 aB h2.25 Hz, 0 dBm(600) |HI-Q
6 | -13.25 +15 dB | %0.75 Hz, © dBn(600) | TuNING 6
T not used o
8 - :fbj,+-2.5'dB 2000 Hz, ~-34% dBm(690)| FSK BEF 7
L 9 5 +-1.0 dB ilBhS Hz, -3% dBm(600)|FSK EPF | 8
Q}"f; o ~3{1d';_ . 5 +-1,0 dB | 2166 Hz, -34 aBm(600)|Fsk BRF | 9
. L | 11 ’ | not us}e‘;l : | |
i .'. : 3 12 | 0 +12000/-0 usec ED/l kHz,lO dBm(G&O) | Delay .10
13 | -3000 +-30 usec | ED/L kHz O dBn(600) |Delay | 10
ol ';3090 +-30 ﬁsec ED/1 kHz o.dém(soo) | Delay 10
. .15 '-3ﬁ00.+-30 usec ED(; kHz_ 0 dﬁﬁ(GOO) Delay ‘ﬁiO
o | 16 }3060 +-30 usec ’EDjl kHz 0 dBm(600) Delai 10
KT*NOTE ‘ | | o

If vhe entire Mode 19 iz run, the reqults listed in the Previous
L o table should be displayed. If segments 3 tinrough 6 are run
AT _”individually, the results displayed will be approximately 10 4B

..i..- 7 " dowm. This is because when these segments are run individually
~:the system software does not set the AGC DAC (US03).

Ce AR2T.




. EP Lgh5a - . -
. Operating Verification

ffifﬁi,j_ T o Diagnostics - Modo 20
MODE 20: Envelope Delay Calibrat!on (A1, A2, A4, AT, A1)

‘1’."..1‘ !". ”! v .‘

i” ‘

i, Envelope delay calibration is software compensation for the HP 4945’s receiver and -

‘}i transmittér deviation from linear phase, The deviation is measured by comparing the

SERNE delay at 1804 Hz to the delays at frequencies from 200 to 840 Hz at 6l Hz intervals.

,};* These valuea are stored in a table and used to correct envelope delay measurements
taken at 'frequencies covered in the table. Interpolation is used tu calculate
'ihtermediata values, . The correction provides a delay flatness of +-l4 microseconds.
At frequen»ies above Bho Hz, delay flatness is assumed not to be a problem.

The transmitter signal is routed from A17 to the Al multiplexer, through A2 and A4
(wideband autorange) and then to AT.
L Following is Ja summary of the Hode 20 tests. The results displayed are in

microseconds.,--x‘ IR

o, oy .‘ .‘! .
W« | Results. « | -~
Data .+ Displayed ' ' Test

Lﬂ{'.Segmentﬁ .'Sh°“1d‘B°}‘J __ {signal at ALTIF2) | Path

| Lo [ 0= 70 E 200 Hz, 0 dBm(600) | 1
v oo : i .

At [ : I E

RETERE SR o #- 500 | 26l Hz, 0 dBm(600) | 2

T J)Qf‘ 3u3f{: B o 4 ho) fﬁf_szé ﬁz,td‘dBm(Spo) 3
T 0 4- 40 5f u;hlﬁngnz,»o éBm(soo) | s
| 1: ;$'th )\}6.+f ;6=ﬁ{;;'. hés Hi. 0 dBm(GOO); 5 .
o 3}_*§Jéf§f,-;,,0'4?“26.;.h i 520 Hz. 0 dnm(aoo)‘ 6
" s T'FH-.:jlfé - 20 * " 58l Hz, ) dBm(GOO) T
v B : 0 +-_£0h)\ﬁ*,::n6h8 Hzy O dsm(600) 8
h 9 L 'Q:Al«‘-:{';o'{_;i' iz Hz, 0 aBi(600) “':'79'; ) !

776 Hz, o:hnmcsoo) !0

, ' i '
Loty R N
aho1Hz.,c,dBm(6oo), o,
o CoL v oy . i
' L e ¢ ' - . ' . .
i | ' EA] |; .
\
. | i
| N
A " i
! lj‘l.. .
i 1 "‘. i
'1,; ! . )
\Il") ot
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R \
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' o . 1',‘}.: Diagnostics - Mode 21

| B
IR P ]

MQDE _2}: Transient Measurements Check (A1, A2, A4, A8, A9, A1T)
‘ Y, 'f: ] .
A 10010 Hz, 75 Vims sine wave from AlT - is sent to the AL input multiplexer.
-+ Impulse noise is monitored through the wideband autorange with th: C-message filter
_{ , " and the 1010 Hz ‘noteh filter switched in' and measured on A8. Gain hits, phase hits
;o and dropouts are monitored through the narrowband autorange with the: bessel filter
o switched in. Phase impairments are generated by programming frequency transitions
into the transmitter and checked with the 20 degree phase hit detector. The gain
hits detector is checked at the 2. dB and 6 dB threshold settings and checked against
the receiver fine attenuator. The 12 dB ‘dropout detector is also checked against
the fine altenuator., The transmitter is then set to 1800 Hz to bypass the notch
filter and the impulse noise thresholds are checked at 2 dB and 6 dB levels. In
- this case, the transmitter fine attenuator provides the reference. The fast count
rate is checked by allowing '‘a five second impulse noise count at 100 counts per

second on a signalﬂwhich should count all the time.

-, Following iq_a_sumqary of the Mode 21 tests.

T r . Results
: . “Data |~ : Displayed
NS , Segment Test Should Be Path
. 1. ‘PLL Balance Constant 0 +- 2 1
S 2 +20 Degree P,H. Constant 10 +- 2 1
_ '3 -20 Degree P.H. Constant 10 +- 2 - 1
i ‘ } ' |
v b +2 dB Gain Hit Constant* 82 +- 10 2
5. -2 dB Gain Hit Constant 82 +- 10 2
6 | -6 dB Gain Hit Constant 50 + 35/-15{ 3
. 7 +6 dB‘Gain Hit Constant 50 + 35/-15| 3
] 8 12 dB Dropout Constant | 62 +- 10 L
o | 9 95 dBrn I.N. HI Constant 10 +- 6 5
J 10 93 dBrn I.N. MID Constant 21 +- 5§ 5
L 11 91 dBrn I.N. LOW Constant 30 +- 4 5
| 101 dBrn I.N. HI Constant | 10 +- 7 6
: 95 dBrn I.N. MID Constant 64 +- 6 6
' .89 dBrn I.N. LOW Censtant 91 +- 4 6
100 Counts/sec Constant 500 +- 20 T
. . not ﬁ‘sed

;
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b Diagnostics - Mode 22

Moda 22. A3 FSK Demodulat!on Check (A1, A2, A3 A14, A17)

The transmitter signal on A17 is- connecfed to A28 using the 2W XMT line. From A18
the RTL-T and RTL-R signal is hardwired to Al. On Al th- signal goes through the
differential input, and then goes to A3 on the FSK SIGN line. The FSK signal at
.T75 Vrms is sent through the FSK demodulator on A3. Data is sent by the
transmitter through the ACIA chip on Alh The data is decoded and compared to
ensure:a match,' 'If the demodulation circuit is not worki.ng, an. error shows as an
unmatched data pa.ir or an error flag indicating bad parity, overrun or framing.

Following is a summary of the Mode 22 teste.

b . Results .
! Data . : Displayed
' _ Segmenf:_ i1 Test : Should Be
s 1| o1 AcIA Data 1
S, | 02 ACTA pata | 2
R 3| ‘o4 ACIA Data | &
\'t' . 4 | osactapata | &
SRR - ' 1. 10;;(:1,\ bafa_ | 16
— ; 6 ‘.fw'péo_AérA Data | 32
L w.":_f _lithd ACIA Date | - 64
R sl“ 1 -3q;AcIA‘Dat§:_','= 128
e | e ACIA Data' |  25b
- o BT pégacigtnata | 253
Sele 1 CFBUACIA Pata | 25
. 12| F7actaData . 2l7 |
13| zFacIa Data ~“‘é39‘ P
0w | F actaDats 223 |
* \*:_- 15 | " BF ACTA Data 191
| . 16 | rractapeta | 17 0
SO - o o v ‘ |
Y L A-30 |
S et e B o ,




HP 4ohsA
Operatilig Verification

| Diagnostics - Mode hé
PERFO‘RMANCE VERIFICATION AND SERVICE AID MODES

. Several modes of opera.tion are available within the HP LU9L5A receiver to assist in
~ evaluating the HP 4945A performance and troubleshooting the receiver measurements.

 As with the diagnostic self-checks, these modes are accessed through the self-test
menu. These modes allow high resolution measurements through the receiver,
independent of the HP LOUSA measurement restrictions. These modes allow siatic setup
conditions for troubleshooting.

'Mode 46: Fiiter Response Checks

‘This performance verification mode uses the receiver as a voltmeter und uses a
different filter for each path. An external signal is jinput to the receiver.
Depending on the path selected, one of the HP 4gh5A filters is switched into the
'signal' path. By varying the signal frequency, the response of the filter can be
checked by comparing the dB readings displayed with the values given in the response
- charts. The true voltage and power of the signal are given. These measurements
. assume ideal termination impedances within the receiver.

' To use this mode refer to the individual filter tests in Section IV of the HP hohsa
- Service Manual (Performance Tests U4-9 through }-15),




HP L49k5A _ _
Operating Verification

Diagnostics - Modes L7 and L8

¥

Mode 47: DC Offset Settling Time (narrowband)

This mode checks the dc offset settling times in the narrowband autorange amplifier
when the gain is being switched in 10 dB steps. The receiver input at the Al
multipleker is set to ground as well as the input to the A4 narrowband autorange
anplilier. '

When running the whole test, paths 1 through B evaluate the true settling time of
the amplifier by waiting 500 msec between gain switching., Segments 9 through 16 use
the programmed settling times to ensure that the times in paths 1 through 8 are
correct. '

When running a particular segment, the receiver enters a loop within the path that
repeatedly swi'll:;heﬂsl the gain between two states.

Mode 48: DC Offset Setiling Time (wideband)

This mode checks the dc offset ezettling times in the wirdeband autorange amplifier
when the gain is being switched in 10 dB steps. The receiver input at the Al
multiplexer is set to. ground as well as the input to the Al wideband autorange
amplifier. . - '

When running the wholé= test, paths 1 through 8 evaluaie the true settling time of
the amplifier by waiting 500 msec between gain switching. Segments 9 through 16 use
‘the programmed settling times to ensure that the times in paths 1 through 8 are
.correct. ' / :

When running a particular segment,.the raceiver enters & loop within the path that
repeatedly switches the gain between two states. ' . .

A-32
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Operating Verification

o Diagrostics - Mode 49
\ . .

' Mode 49: Fllter Path Checks

This performance verification mode uses the receiver as a voltmeter and uses a
different filter for cach pathf The gignal level measured is referred to the
receiver input weighted by the appropriate filter, . The ac signal is measured for
peak, average or -tms value. The true voltage and power of the signal are given.
These measurements assume ideal termination impedances within the receiver., Only
some of the detector readings are displayed.

Following is a summary of the Mode L9 teats.

R Channel Filters

“Path | Wideband Harrowband
1 | Flat Flat
2 | p/AR P/AR
-3 ] 1010 Hz notch | Flat 15 kHz
y | 50 kbit Flat
5 '-15; Mz Flat
6 : 3 kHz . Fla£
T Program" | Flat |
' ? C-message | F1at

0

. Phage Jitter Phass Jitter
10 | IMD 520 Hz | Flat
11 | IMD 1900 Hz Flat
12 | IMD 2240 Hz' | Flat

13 ‘IMD‘notch_ Flat

14 | 10 kHz LP 10 kHz LP
15 | 60 Hz HP 60 Hz HP 3 kHz

16 Flat Transients filter

A-33.




‘HP 4gl5A

Operating Verification

Foilouihg_is a shmTary of the information displayed on the various display lines,

.Diagnostica - Modes L9, 50, and 51

Display

~Line
1 XXX - rms voltage (wideband channel)
2 | XXAXXX rms power (wideband channel)
4 | XXAXXX average voltage (wideband channel)
5 XXXXXX rms equivalent power (wideband channel)
(4 XXXXXX average voltage (narrowband channel)
8 XXEXXX rms equivalent power (narrowband channel)
10  XXXXXX peak voltage (wideband channel)
11 ' XXXXXX = peak power in dBm (wideband channel)
14 - XXXXXX peak power (narrowband channel)
15

- X¥XXXX peak power in dBm (narrowband channel)

Mode ‘50: Super ?/AR

Thislperfofmdnce mode gives you a P/AR measurement with much hi,_..r resolution and
aceuracy. than the standard measurement. This mode evaluates the hardware/software
performance in measuring the P/AR value, The displayed results are in thousandths of

a P/AR unit,

Mode 51: Recelver Troubleshooting

This mode can assist you in troubleshooting the receiver. The receiver is used as a
voltmeter and :each path sets a different autorange amplifier gain so the avtoranging
is held at one static gain condition. This is useful for checking detector linearity
and signal path continuity..Vbltages are displayed if the detectors need to be

checked

Follow}ng‘is a'summarbif the Mode 51 tests.

Path

t

GaiﬁV(both amplifiers)

.:‘541

@ = O U I W

~10 dB
0 4B
10 dB
20 dB
30 dB
40 4B
50 GB
60 dB

A3y
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HP Lghsa -
Operating Verification

. Diagnostics - Modes 51 and 52

. Following is a sdmmary of the information displayed on the various display lines,

.-Line

Display

mms voltage (wideband channel)

ms power (widaband channel)

average voltage (wideband channel)

rms equivalent power (wideband channel)
average voltage (narrowbahd channel)

rms equivalent power (narrowband channel)
peak voltage (wideband channel)

‘peak power in dBm (wideband channel)
. peak power (narrowhand channel)
peak power in dBm (narrowband channel)

S ;-Mode 52 IMD Relative Tone Adjustment

¢

Lével. meaaurements are taken internally for the 1380 Hz tone pair end the 860 Hz
'tona pair. The two levels are subtracted and the results are displayed.

- This mode can be used for adjuating the tone pairs to the game relative level (IMD
.Flatness) 'The level can be gset to within +- 0 1 dB of each other.

" When the level difference is +-, 5 dB or greater. the difference is displayed in

inverse video to indicate a gross failure,

]
o)

. A=35
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. (*
Operatmg Instruction: S

“,rl'.‘ - _' : ).

HIWLE T

PACKARD 4945A TRANSMISSION IMPAIRMENT MEASURING SET ° . !
ummary

b

)

’ll,l. .
B
L
.
N |
| B
LN
.,

]

; cod-m nppolr? rofu to thc unricc menual. N

v

-

H

. 2, sm%mm n throunh "

", . POWERON |

I Canmct the 9ovnr cord to the ucmelo on the rear panol cf the

Irmmmom Ty

4 Pnu LINE hunon in Jo turn the Inltrumont .on.. A series oI basps ot

power on Indicmn thlt tha self-check is in progress. If en error

f D ' .
i "wANNING :
~ ALWAYS CONNECT THE POWER CORD TO ‘A :
| PROPERLY GROUNDED 3-WIRE POWER OUTLET.
; . . § } . .
5 CAUTION . .
., DO NOT OPERATE THE INSTRUMENT. msuns THE
CARRYING CASE. RESTRICTION OF AIR FROM THE ,
FAN CAN CAUSF. OVERHEATING AND DAMAGE TO
T™HE resr SET.

I

, : ¥ ."ﬁ
1, !

3. Sdoc! which terminals will be used lar transmit and umi\n by using

the woprim hnrdhy locatsd above the mmimls.

Connect the 4iB45A to the drcuu undor test, o
: J 'Nots

' The 4946A contains non-volstile' memory which
‘ "saves’ ' your sat up information after power down. It
4 does not retain your led coil settings or

',') rnnlunmcm ruuhl

To.“h\lnlmhnlormwm

r\m- the voume hardkey roc-ud 1o the right of the DATA ENTRY
ll . .

tothoduindumngl. -

..iI NI

)

[ niALsHOLD 3.
[ 1-o_port 4
[ sev up

Snﬂtw " will mm the VOLUME ON Thn volumc rnnqa il Imm 4
{OFF) to 6 tloudest),

. Bofthey ¥2 tMONITOH} selects whether tho spnlur Is connmnd to
" 'the receiver or the transmitter,
" Boftkey #3 [KBD BEEP) selects whather the kwbonrd bup as ON or

OFF, ThIs does not affect the w-ming bnpl o

I  SETUP
To Initillly conlagun the instrumant, press the SET UP hatdltoy Tha;
Iollewinu lohluy selections will nppnr K ; iz

1

CALIBRATE, ). This softkey accesses the manu'to run the

SELF-CHECK calibration and self check routines. . 5
—'—".“ ,} — ; . b -'i’r
roo=——sue— 2. This sohtkey accesses the menu to set,the’

“2{;’5:' tarmination Impedlm:u. SF skip and voice

band limit clplbmty

Thu somuy accessss tha menu for the
[.. SET UP ,dis)/telk, lclkbllurylnd holdmg capabilities,

Thns softkey lccesm the menu. ro set up tho
V70 pon& '

lﬁg:zt T This lohltoy sccesses the menu to set the date
ET UP and time shown an the top oI the display.

WASTR-SLAVE 6.
| LCFF)

This soitkey uluctsthe rnode oI operation|e. G
OFF, MASTER or SLAVEI

j ' 3 AN
, Whon solthey #6 hls besn sat to MASTER
£) mns sahluy sels rhs direction of test. ‘

: NolUud -

. o
+ . / Lo ! }
/ o : L.

f

o ) . . ! 1 . | i

(For complete mstructions"-isha‘Opqrating Manual) X A ! e
i
t

Imnedancas SF Skip, and Voice Band Limi;

1.

. l

i ] }
Preas the TRMT/RCVH SET UP softkey |#2). The som:ay ulmlons

shown below will nppaar. Sct sach of the whlwyu to lhl lopropriatc

sumngs R . ;
. v )
rum e 1. Seloct the transmitter urmimmn impedance
(600) 1135 800, 800 or 'IZG}ohrnlI

r - ) H oy |
RCYR INP 2 s.lem the Irocoivor tmmlinltion Impbdanco

(600) .’1135 800, 800, oHZOOohml)
. . ‘},' 1
| RCYR TERW- - 3 -Select whether tho receiver ls BRIDGEd or/ ‘
) . ERBGCTERN) J'.* TERMmatnd. o 'i ‘ )
HE——— ( ! Lo ' ’
SF _SKIP ': "8, Selact SF lalgmlling froqucncvl SKIP ON or -
(OFF) ' OFF. ot
L ‘ : e ’ K ‘,l : N
YOICE BAND 5. Select vmce BAND uuh' I’uncnon ON or
[LIBIT COFF) OFF,
! /
SLAVE TRNT *8. Seiect the ‘ula'w'g n;l’nsmimr termination
L c600) ', impedance (135, 600, 900 or' 3200 chms),
I %'ﬁﬂ_ *7, Select the slave’'s receiver: termination
‘ c v impadance {135, 800, 900 or 1200 ohms).
m-m *8. Seiect'whether the slave's recsiver is
BRDS (TERW) ' BRIDGEd or TERMinated.
)
*Onky tve uhon }q master/sluve.
' PRINTED N U S A

§ ; ' i

ﬂ_*
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AN : X

'Dilal Téik LiStan an& Hold Coil Set Up,

Vo

1. Cénnoct Iimmln s hnndm lbun-in) to the DIAL terminals,

‘2. Press VOLUME hlrdluy Hul puss sohkoy #1 until the ulocﬂon
IOFF) nppurs. i

3. Pressthe SETUPhardkoy Vorifythatth-MASTR/SLAVE schkwt#m
is sot to [OFF), . '
4, Fress the D!AL/HOLD SET UP lam:w tl3l The fo!lowlng mhkty
. selactions will’ -ppnr ;

v .
[ . g '
i . i ! oy

T ;‘E LY 1. Select the transmit hold coil ON or OFF.

TRCVR HOLD - 2. Seiecr the rmive hold colt on or IDFF'."

any . ” \
' i

BIAL/TALK 3. Selsct DIAL/TALK (ON) 10 dial talh. or listen
(OFF) " over the transmit line,

)

t
.|,

TALK BAT 4.
COFF) .

rnlcrophone . /

i

5. Not Used

6. NotUsed - /

N

Not Used

8. Not Used Lot

il I

!
t

E')ré’té and Clock Set Up

When TALK BAT is ION), lhu hnndut is .

supplied with +15 VDC to enefglze tha..

1. Press the DATE/TIME SET UP softkey |#5) in the SET UP MENU. Tha
softkey salections shown heiow will appesr. The numerical values
canbe modmod by pressing the softkay that you want 1o change and
entering in a value using the DATA ENTI;IY keys, *!

'

b YERR 1. Enter the last two digits of the year you want
{83) dispiayed. . "
4 i ) o
llt(lg;g 2. Enter the manth you want displayed.
BAY 3/ Emer the dsy of xha momh you want
/
: HOUR "%, Enter the hour you want displayed The
, L ¢1ey sllowable range will depend on the umng on
" ' ‘\ soithey #7. . ‘
HINUTE 5. Enter the minutes after the hour you want
(43) dmp[md . Y
Rl(!;:l;l 8. Ifin 12 hour clock mode, select AM ~r PM.
. [[T2WR-Z4WR " 7. Select 12 or 24 hour clock mode.
{12HR)

I " 8. Not Used "

: MEASUREMENTS

Leve) and Frequancv

Yo p«lorm level and frlquoncy measuremaents, prn& d'm TEST SELECT
hardkey snd then the LEVEL FHEQUENCY sohltlv llﬂ} Tho follo\mng

sohlwy ulocnont wull appear.

GAIN SLOPE _-1‘

LEVEL ZERD 2.

e

re—

b

| PROGRAR R
, SMEEP 8

60Rz FILTER 3.
. (OUT) high pass filter ln the raceive path.

YA

‘Press this scltkey tosccessthc programmab:e

Prass this softkey to begin the GJ\;N SLOPE - n

o m!lll.ll'll'ﬂ.ﬂ!

the current level reading.

Press Ihls softkey 10 insert or remove the 6O Hz -

NotUsed . -

Not Used

Not tisad

Not Usad , |

fraquency sweep menu.

'Preu this softkey to establish a rero refaranca i .



) A

. To"mtﬁ.Ouwl.lnl

]

Xl

‘ 1=. To chang. the mnlrnimr B ompm level, prass the LEVEL hlrdkoy

" which is loceted mxt to the DATA ENTRY keys. There ue 3 ways of
‘ chlnglng the curront level. They are:

f ' Enm a nluo ullng thc DATA ENTRY KEYS,

. E |

N S.bct ona of the pu-pfogummod lmll shown on softkeys
‘ PROGRAM LEVELS softkey (#8) and then the softkey next to
Ihl valus you want to change. Enm ln m- new value.

. Prm the m/down arrow kays untll lho desired vnluo is
. reached. The stop size used is set on the STEP SIZE softhkey
'_v 1”7} ’ U

]
1

l .ro-mmmwrmm » R

1
|

‘1. To changethe transmitter’s output frequency, press tha FREQUENCY
hlrdih whicly is located next to the DATA ENTRY keys. Thnre ars 3.,

wws of changing the current froquoncv Thny are: ' _! _
O\ Enllr a valu' using tho DATA ENTRY KEYS

.5 Select one cf’ tho pu-programmod I'roquoncuw shown cn
K "nofthm #1 through #8. To reprogram these fruqulncils,‘

. press'the PROGRAM FREGUENCIES softkey (¥8) and then .

tho mﬁtw next to the valus you want to change Emer in the

mnluo b L , N .‘
[- ,‘;_ . i 1 " ‘,‘ R - vy .

R @ Pnh the up/dm arrow llm until tho desired v:luo ls

o ruchod. Th- step alu used is nt on thn STEP. SIZE sohm
Um

‘#1. through #8. To reprogram these lsvels press the

\
mosnmmm.e FREQUENCY s\wsep U

' L |
You are able 10 set up B progrlmakmlbio frnquoncy swagp in cortnin
messurements. After pressing the |
softkeys ¥2 through #6 to the appfcpriato settings. Start the sweep by
pnssing soﬂluy ¥ until it rnds SWEEPING in paramhms

:‘. !
\ 3

\

START/STOP
(STOPPED) between STOPPED and sweenus

Press this softkey 10 seiect SINGLE sweep of

C(NONSTOP) 2,
SWEEP ' continuous’ sweep INONSTOP), |

SUEEP FRO® 3.

(100)Hz surlf:om P oo
Enter the fnquoncy you want the swup to

. WEEP JO 4

(lll) 00)!": “end on,

o

S!EP SIZE 5. Enter the step size you \A;nnt between, tha

STEP RHTE 8. Scioct your sweep rate, SLOW|.3 steps/soc.),

{SLOW) - . MEDIIM 1 step/sec.), FAST (3 steps/sec..

: | 7. NotUsed '
_a-_r— : ) -
_EEE?E'};.& 8. Prm this soﬂk-y to return to the measure-

m‘.l'l' monu

'ROGRAM SWEEP soﬂ.\ey {#8), set

. Prualhis solikey to start the sweep. It tog_gln .

Enter the froquoncv you wnm the sweep to -

Noise ' . o R B |

.To perform a noise rmuunmcm. jprass the TEST SELECT hardkty and
then lhe NOISE sommm Tho foilowing sohlwy uloctloru wilt sppesr,

1. NotUsed

y S
2. Press this soﬂl:w to ulocl the noiu-wnh—
tons measurement. 1"
1 [ 1
3. Press this svitkey to cakculate the signll to-
noiu mlo

NOISE
LVITH TONE

SIGHAL
- 70 ROISE

. HESSAGE

4, Pr-u this lohluy to select the message clrcult J
L _CKT _NOISE

noise, mouunment !

5. Press this softhey to select the noise-to:

. [__woise ,
| TO GROUND  ground messurement. ‘ i

‘6. Not Used

7. Not Ussd

' 1

8. Press this softkey to access the noise filter
© menu. : '

To insure vaiid measurement resulis in noisa-with-tone and signal-to-
noise measurements, acjust the transmitter’s output to dats level. Use'
the procedure,described under the Lev. 't and Frequency measurement.




/ LT ‘ } ..r -./f \‘:;

Nd!SE FILTERS

'You are sbis to select the noise ﬁlm when p«formlng 2 noiu

measurement, When you press the SELECT FILTER softkey (#8), the

followmg llloc!ionl will sppesr. P,
1 , ,_’){;" .
¥ s

C-MESSAGE 7. Press mm’mn o insart the C-message

i lSkHz FLM 3, Prmlhls softkey to insertthe 15 I:Hzllatli!tar

’}i.\'" IARAL in tht rocoiv- pmh . & R
v ' IJ’ '''' ’
I “I:I!UGRHH A Prln lhil lo!tltoyto lnun the progrum flllar in'
N ol tho ricm path. : . ;
,'\; e . l‘ghe‘ } A
" S0 kBIT 'S5 Pnu this softkey te inun !l‘fi 5OkBIT hltaf in
st xho rezeive path g o .
TR Lo 1__!! .
e B Not Uspd - .lfa'l"u -
' ™ I : .J S ; -
| T 7 NotUsd
—_— o ? co T
“;g?s.t TO '8 Pnss this softlury to return to the ineasure-
: - . ment meny, o
3 .'; ‘ t o
§ g ' '“ L ' ‘; ‘
N P Ty R
' RUTI. U
1l }\ _“ : il\ |1 .
' l’, + “,lnk'j‘,‘l ‘
"I o - \‘.

_’__ lllur ln the ucoivo pa:h
i . ‘ :
3kiz FLRT 2. Pnu thin lohtw o inmt the 3kHz flnt filtrr
) in'the receive’ ‘peth, - :1. ,

v VI
. - o

| staRTosTOR 1.

Transients ‘
‘ ot

To perfotm the transient mnsurnmms. press lh! TEST SELECT hlraoy‘:

and then the TRANSIENTS sahtov (#3), The fdlowing wftkoy salections
| will appear. Set softkeys ¥2 through ¥7 10 the npprnprmo sattings. Begin.
the messuremant by prnuino softhv # unnl I‘UNNING Bppanrs in
plunthm& o o N S

: v !
" "‘ - : I

' s c . . . C
S o PN
'\ |_CSTOPPED) . i .\
. ' o ]1“ .
‘ . | .
2 Solcct thoe cbum Frnm \i? B ‘or mo
L ¥27aktL cf-.mu/ucond) ." P .
¢ L : SRR
! [coony TINE
‘  CLININ

COUNT RATE
() rSEC

l i ! _- [ : { '.
the, rneuuumengg t0=noqsto\p, 1 to 9999
;nmutoa) PRI '\" Voo Y

) 4 M'|"‘ Ny i : ,‘i '

[THPULSE LOw 4.
- (68)dIrn

‘noise. PRI ‘ . ‘

Select tha sltp size bntwun tho lrnpulse

S:’EP ‘SIZE- b,
| ($)dB noise thrasholds.

™ )

To Insure valid mﬁsunmom results, adjust the transmitter's output to
deta level. Uss the procoduro ducrihod undor ‘the Ln\nl and Froqutncy

messurement.

v | NORNAL /REPT 1.

Press thls'softi:w to slm‘{:r stop the timer."

Entcr lhe t?mc dusation that you want to run' “'

]
T ¥ L ‘. \
t

Enur the low lhushold hmng for lmpulm',

17— Lt
S

PHASE WITS 8, its thresh ting.
C0NEE 8 Seimrtho Phnsg_hlls.mn?ﬁold ?amng ‘
CATH WITS 7. Select the gain hits threshold sening.
(loyew” 7
,ﬁt%g; 8/ Prus this softltw ‘o asccess the ndu fi ar
e /' menu: Refar to e noise measuremantfor |
further informal#on Lo
v ' ""‘ y
| ! B ' R

I | ' N }:.\.\;_\_ KR ;,' ‘f,:
Envaiope Delay Dlstortlon Lo {
" ,) . " \‘. ’

To perform the anwlopo dolay mcnuremem prns the TEST SELECT
. hardkey and then the ENVELOPE DELAY sohtay (n4). The following '
softkey u!octlons will nppvm. Conh R .
'y . ’.'J"' ” ‘,“‘ S
.._\ . \‘!’ . (‘ .\_}\‘.

Sobct whuhor the Instrumant istobeused s

' tha NORMAL or REPEAT tost set, '
f

.I.EVEL 2ERD 2. Proulhissohkoytontabluhnsrnmfmncc
at the current Iml rudtno :

y ! sy W

" [_choRnAL)

BELR? ZERO '3, Pruslhiuscﬂkwloasnbluhnnmmfannco
Lot tht :urrenl dtleyrudmg., veoh

W E - )l

et ‘4 NotUud ‘ T 2 O

7 5. Not u;-'a,“.-" A

b L ﬁo; i.lud
TR ,7 NotUud :

/ ‘
W,
N

8 Prass mls softkw tolecustho programmable -

. fraguency swup menu. RefertotheLevel and
S o Froqutncy mnsunmpm for further informa-
) non

1_

To insure valid measurement results, adjust the transmitter’s output to

data leve). Also, adjust the frequency on the sppropriste instrument. Use
tha procedurs dascribed under the Level and Fraquency messurement.
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. lntarmodulation Distortich, Maasurement .
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{,‘ To rmfotm the Im:modulman dinonion musunmnt. pressthe IEST
!l 5. SELECT !hlrdkw and thm fhmlMD/NLD sohkly (#5} The foliowmg
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b adthwuimipc}swm appear.’ o w” ot Pl .
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! "*;,—'QVCHECK Ty Prns this lofthwtoupnblol 12 sacord check
SIGHAL signal. Thisis used to dharming the $/Nratio
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‘ 5. NotUsed

6. NotUsed

7. Not \ised

|;

8. Not Used R
‘ .
| '
1 : .
To lnlun valid measuremant ruum, nduu the trlnsmmnr 5 nutput 1o

_ dltl favel. Use the procoduro ducribod under the Leve) and Froqucncy
mulunmnt.

J Fﬁar

r___‘_u_ s NotUnd" S

[ o 8. Not Used

mulunmont.
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'!’o pnmam the jifter monuromémn. pnn !he’l’EsT SELECY hlrdtny and
thon rhu JIT'I'ER poﬁtlv mn Tha following aoftluy salections wil) appensr,

n

i W

' "‘ ' 'I}'J 'Il‘ _1
. - . W Mo nt
P51 AMPLITUBE 1. Seleci AMPLITUDE JITTER ION) to bagin the
[ JITTER (OW) _measurament,
PHASE, 2 Soloct PHASE JTTER ION) 1o bogin the
JITIER (Oll) measurement’ -
Ty, PO o 1
20~ BUDHZ

3. Pressthis softkey to measurejitter intho 20 to
300 Hz bandwidth. ‘
V' 4-300Hz 4. Press this softkey to measure imlr bn tho 4 to
300 Hx blndwidlh

4_-20": © B, Prus this lofttw to measure jimr In th04 to

20 Hz blndwidlh 1 . L

: HERSURE ALL 6 Prun this softkey to rmnurn the sclecud
. linter(s)in sl t‘hru blndmdlhs.!

L 7 NotUud '

! T
B . R Ea
h -,

'

i

To Insuro nlf{‘i ﬁhuunmam r-sulu. lq:m the transmitter's uumut Io
dats ievel. Use the procndurT duc:ibod under the Lml and Frequency

o :
i c

3

P/AR {Peak-to- Average Ratlo} ;

To perform the P/ AR mnsuumom. ptoutho TEST SELEC‘I’ hardny and
then the P/ AR soltkey (7). The measurement will begin |utomn|ully
There nrn no mm:ey salections for this massurament.

. l“ ;"’J - ' ) , '
' . 1. Not used
' " 2. Notused
: o 3. Not used
ST 4, Not Used ,
i o :
K 5. Not Used
b l ‘
6 NotUsed " ;

I 7. Not Used ;»"!

. /

| 8. Not Used

To insure valid messursment results, ldusl the lnnsmim:r 3 output to
dats jevel. Use the procoduro described under the Level qnd anuoncy

maasurement. \ 1 .
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- 'Heturn Loss

To podorm !homum loss f'nouuumm press IhoTES‘I’SELEcT hardkey,
) andthenthe HETURN LOSS wlthyllm The lollowim softkey selections

wlllappur

-

s [_

o

'SRL LOW

SRL HIGH

'

MWERASURE ALL

u

13
Preas this softkey to nloct the measuremant
mode.

¥

Press this loMm to ulm the lim wave
_rmwn loss mmunmm. :
Press this softkey 10 uloct the acho return
loss messurement.

. . Press this softhey to salect the singing return

loas - low mmuromont.

Press thig softkey tu nloct the singing return

lou - litgh musurtmont.

v

" Press this softhey to select SRL LOW, ERL, and

SRL HIGH simullsnaouslv .

L]

. ‘ gt
It you are making & sine wave return loss
messurement, this softkey will access the
programmmable frequency sweep menu.

Refer tc the Level and Frequancy measure-
ment for further Information. .

« *The isbel of this -omm dopmds on whether you have nlmed 2-ord.
wiu mode on uohtoy 2R :

i) Vou are In 2.wire mode, thls aoﬂhy Is labelled REFEHENCF IMP. Il
ulocl?thc refersnce impedance uad.nn the im’rml hybrid, It cycles
i ¥ oo L Ve R

' cmmll referance imp.dlm:l which can be connectsd to the ilch on‘

thmunh 800 ohml. 800 ohms lnd EXT. EXT means that you can use lﬂ}

the rear panel. _ . v !
If you are ln J-wiro mode, the key is labelled HYBRID.LOSS. Enm the.
transhybrid loss of your network using the DATA ENTRY keye.
Additionsl Ctummnu. - ' ‘ . N
To inlur‘ Jmid measurament results, adjust the transmitter’s output to
date level. Use the procedure described under the Lml and Fuqutnq
measurement. oy
.. OUTPUT HARDKEY
The 4845A will p:vim an image of the display to any printer con;\oétod to w
the instrument through one of the |/0 modules (HP-IB, HP-IL,or RS- i
232C}. After connming the printer 1o the 4945&

Vorlfy that the 170 MODE on your 4S45A |s m lo OUTPUT.

Verify that the printer is set to listen aiways mode.

H you are using an AS-232C pnmr, verify that thol/O PORTSETUP
softkcn reflect your mode of npmnion

Press the QUTPUT hatdkey to begin printing.

i

MASTER/SLAVE .
To put the in'strumont In masm/slru’ mode:

® Press the SET UP hlrdluy ’
® Select MAS,ER or SLAVE on the MASTFI/SLAVE soﬂkw {¥8).

]
|

F

.. Note . _
The slave unit doos not naed to be set to SLAVE, The
master unit can capture and configure the far end unit
88 s00n a3 MASTER |s salected..

e Soloct"}ho ditsction of test on soﬁii.y 7. .
ao : .

‘e

1

CALIBRATION
To cllibrlto the mniot ci::uilry in the instrument; :
IR

' Pnn the SE? UP softkey. . -

Press the CAI.IIHATﬁ}SELF-CﬂECK loftkw lﬂl .
" Press the CAUBRA'IE sohiuy lgﬁ} The muuno CAIJBRATING will
ﬂuh on the displsy while in pr-crou i an error occun. u!w tothe
servica manual. "

| COMMON EHROH MESSAGES

NO HDLD!HG TONE - In a measurement whnrn a holding tone is und
le.g., Jittar), a loss of tone will causa the warning message NO
HOLDING TONE t appear in inwru video. "Loss of Tone” is defined
as 8 receive level below -40 dBm or a reccwe frequency that is not
betwean 995-1025 Hz.. ‘

IMD SIGNAL NOT RECEIVED . In the inmmodulntion distortion
measuremant, the receiver will check to see if a vaiid IMD 'signal is
being r-'cew-d. It not, this wnrning message will be dnspllved in'
inverse video.

,ZND ORDER DIST/NOISE < 2 dB

3RD ORDER DIST/NOISE < 2 dB . v
2ND, 3RD pno:n DIST/NOISE < 2 dB - These messages Indicate
that the distortion level Is within 2 dB of the background nolse

RECEIVER NOT CALIBRATES - This warning message indtcagas that
the receiver is not calibrated. The insuumcnl will still operate using
default valves. This can be corrected by rurmmg the calibration
routine with, no errors in the diagnoatic self check menu.

LAST SET UP NOT RETAINED - This indicates that there is a problem
with the 4945A's non-volatils memory. The instrument will still
operale, but the sat Up parameters have been reset to default values.
It the problem continues, refer 10 Section 8 of the service manual.,

NO 1I/0 MODULE IN OUTPUT MODE - Thasmducatcslhlt tha OUTPUT
hudkw was pressed but an I/O module was not |n3ulled or was not
set’ up in output mode. 1 '

REMOTE - Thisiadusplmdin inverse viduo whena mntrollof hlscontrol
- of the instrument.

REMOTE WITH LOCAL LOCKOUT - This'is dlsptmd when a mnnollcr
hu complete cmtrol of tha instrumont andthe hyboord is lodudout

e

na'm ]



