Errata
Title & Document Type: 5245L Electronic Counter Operating and Service Manual
Manual Part Number: 05245-9044
Revision Date: November 1973

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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- 2-15, .50 MHz Cou'lungbbquence R v 2= b
 2-16, 50 MHz Re.ulout apd 50 MHz Counter Block Dia;,ram s wi2=lB
2-17. Functwn Coutrc\ plock Dia"rnm Sy e e e ..’i.‘2-19 - oy
2-18, Gite Control Block Diagram & | . v v v v 2). o o ot ' 2-20 W
2-19, Snmpllng ConlrollBlorkDinhram Y - 1 | I‘\ ]
i4-1,* Modular Cabinet. Parts ; . . e e ..\. Y 15 JE » L ‘
i4-2. ' Mechanical Parté Locations'. , . . . L voo 445 \
i B-1.. DP and MU with +124B BCD Output (J35- 5245L Special) . , 5-14, LT
. 5-2, DPand MY 'with'-1248 BCD Output (J36-5245L Speclal) + . 516 S R
-'5-3. .\ Remote ConlrolWirtng, and connectors (Special) Ve v s B8
" 6-1, . ‘Test Sztups for Checkin[, Osciilator Frequem'y SRR 1 3
. 6".23 SElfCht’Ck..i......f- N.h-lbl—.ih"“n‘. -6'5.?
;7 6-3,. 'Operating Controls.(Front Panel),;. , , ., ... 'y, ., 68 |
i 6-4,  Operating Controls (Rear Panel) O A N : 1 /
65,  TopInternal VIew. . vov i v W v v sv v o b ate 4w 6-10
6-6.,, Dottom Intermal View , . . . i . . . . . v .oV ' o » G611 ' ' ,
- 6-7, . Frequency Measurements . ...\ . v o, 0 o 4 W W o B-17
6-8.  Single: Period Measurements P (S U A . 6-19 L
. 6-9, Muitiple Period Avernge Measurpments.“, T T E) .
~ 6-10. - Ratlo and Mulnp!n Ratio Measurements., . . . . . .., 6-23 .
G-11. SCaling 4 v v b b v v vy e e h e s aly s 025 ,
'7:1."" General Notes for Schematic Diagrnms e T I '
7"'2. BlDCk Dia[,rﬂnl. TN D_l 3 ll . .:.. ._.:. * '. ',..g.. '7.'3"> 1 .
. 7-3. AllInput Switeh, .. L o0 L L .‘,. T [
7-4. A2 Time Base_S,wlt.h, ..]. e e e e e TR
~T-5, A3 FunetionSwitch .', . ."., . . ... W0y v . L T <
: T7-8, A4,  Ab Mode Switch, Quiput Swttch, . £3 ) L ‘
[N 7‘7.‘ AG AT REcti‘ier, R"b inlOl‘i. * u - e e e - . ».o‘ 7"13 ,E
T8, AB ‘AD Decimal Point Measurement Unltsu.' AR 05 T I '
9-9, "~ A10-A15 Decimal Ccuhter (5212L-44) ... . .". ' L -17 )
L 7-10, Al0-Al4 Declmal Cuynter (05212 -3002, GUU")Opt 002&003 7-19
: 7-11, A16 5 MHz Decimal ounter (05222 6010) Woe e v e e w1021
1 7-12,  Al5,A16 Decimal © nter’ (05232 6014 5012) Opt 0028.003 7-23
4T-13. Al?DeclmalCounte,. B R S N K]
7"14. AIB Rendout (52‘;51!"48). . R T ‘- I..‘-J-L“‘ .ol :- ML Y 7‘27
7-15. ' A18 Readout (05%45-6001) Option 002, . . . . & . . . 7-20 .
7-16. 'A18 Readout (05245-6003) Option 003 . . . . , . .., , 731 + |
S 7-17. Al9, A20 Input.\ :pliﬂer e Ce . . 133 :
7-18.. A21 Finctlon Copfrol v, . . . . % . .0 0. Wi, T-38 ‘ o
7-18, AZZGateControl}. T I L
7-20. A23 Sampling Coptrol, . v . o v v v 0w w e W, TA39
7-21, A24, A25, A26 Cryslhl Oven, Oven Cnntrol Oschlntor. . 141
7-22,. A27Multiplier,,' R R S 7-43
. T-23. A28 DecadeDivider. R S (1]
7-24, A20-A34Decide DIVIdEr . . . .l . . 0 ua . a . ) T-AT
7-25, "A35 Time Bagé.Control . . . v vvt v 5 o 0 v 7440
S _ L 7-26, J6, J1i/Comnéetors ., ... . L', . . R ) . ,
T ' 727 Al0-Al4 Dec/mal Counters (5212L-4A). Coeie s G5 J . 7-53 , o
R T ,-.7-23 ‘A15, AIG De7imal Counters (05232~6002 6003)Opt 02& 00 3 7-55°
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GEN!R?I. :mr,o

‘-z}'g'ji \‘i'.i s l-l. IN)I'RODUCTION N ey, L ‘:, \. \ the serml prefix pn yoursinsln‘ment dkf[ers o Lo
LTSN "': AT | R I AT ‘.'_- frok that listed bn the titie page of this'manual, there h

1 2 DESCRIP&‘IOI\ ,f )\ “-; e R b ,‘. are differences lietween thlb manual’ nr}x! your lnstru- S ‘

e Lo ' ment!l Lower serial preﬂxbs are dotumented in'Sec- - 1, :

-3 The' HP ‘Model 524511! Eléctroni Cfatmtﬂl‘ is" ,l h \tfor{ VIL) and higher serial preﬂxes ardé covered with .
fh-frequewcy genera.l purpqse ‘ele tronit.n cdunter. : \ manpal thange: ‘sheets included ‘With tife manual\ M.,
Mdel'5145L measures t'requenc es from 0 {o 50', N\ the Il:m;l;e is' mishing (.ontnqt the netrest Hew;ett- L
MHz, periads from 1 ect to" 10'seconds, . porlod i Pak:k rd Sales and ‘Service Office. liste!:l ,on the luslde IR
averagep from 10 to' 100, tfoo period,s the ratio of two" _‘ 'rear’ over of this lt?mnual \ Vo ‘\ - ! CoY
frequencies,&ndthemmti;?liedratioo}twofrequencies. ‘ AN L \ ‘\ A IR
| “-.w \ v , ‘! [‘ | ) ,‘,- hE .
174, The, HP 'V[odel 52411. provides these addition:u : \ , \ RUENEE Lo
IR featdresl ‘ o 0y '.‘1‘.--: ! \ Sl i
s | “ . k '\ ;"' s ‘i‘:‘h‘\i" ¢ 4\])\‘ e KU
\va, Decade scaling to, .\0 for ,nny freq\xenhy toi ‘ v, e ! P
'30 M\Hz. Lo /\ ¥ _.-.- N I S‘I’AI.I.A'I‘ION AND OPFEIEATION ) L
: R A A T T T ¢ "
IR X $tandard output fr‘equencies rom 0. 1 H..‘to 10 ' \‘ \ ' kl ' e
e .‘: MHz in decnde'steps i ‘\ o { ,. e 4 ! ‘ 5 allatibn nd opbr.ttlo procedures are S
I SR \covered in Sections Il ahd I of the Model 5245L Op- - :

‘ )

e, Four-line, binnry “coded- decin‘tal output to drlvb {erating\Manunl An e*:plhnatton of the Counter's con-'
diriml recorder ! (HP Moel 5624),\ 'digital to nmlog v\ trols and, connectors and a'seif-check procedure.is:
" converter (HP. Model 580A;5E‘1A), ‘!vemote rekdobt, . ¢ nvlu eﬁin Séction VIof( is m:munl‘see FigureSB l o

x 5, vor, data  progessing eqiipment (1 2- 214 code; ~1»2-4-B‘ ' -2' an -3) S b
b |f:odb a\ ilnhle, see Set:tlon V) \‘ TR, A ; c‘.-, . \ \ \ k. ;- " .
YRR L ‘ SRV
f.- 'd, \Dlsplnystorage whlchpéz"mits re\aadingto bedl . \‘“ % LEL
, v\ aplay&i wl\ile new count is made. -;_‘ \ o i : g.. . Cod \\f \\\ Voo \ /
t . W "‘ ¥ L 'l‘.‘.‘f 2R s B "1 " ) .
o ."i.- \ & Rcmnt-. contro? byexiernalconhctclosure availal A \ o \\’l S ‘\ I ’ S -
o nblo {sée’ 9;\ct10n V) DAy i\ Vi S _\\. ‘ J o
‘\r . ¥ A AR _- '; i 1 ¢ "-\ \ e
o \ £ Eibvht- tgit displny using .rectanétdnr (nnrrow) !l-ll- EOUIPMENT\ SUPPLIED ; Vo
. ; i nigltaldisplay tubes,declmal point position and meas- | “.' “ k, “\‘ _\ AT \\' - \ b .
Sl ui-emant unit displa.yed aulomath.ally. \1\ fo ‘\ oL PP oo (
_’ "_,_ \,r,' : s\ RIS Lo AT 1 12;-; Equ.pment supplied with Model 5245L isllbted
g Operatlun with plu(;- n unit., which‘ e:xteqd the in 'I‘able 1- W '\' i g ; e ‘
. :basic ratingé and performance uI the count\- M : \(:f ‘\ i \ SR ; _" A ;
';'\- " J \ - . ’ l‘. ’ B . ‘\‘" ‘|‘ L 'J' B ) e ‘.' Y
Ay ( M 'h All tle(tric | aind meulumical specl[:cahons Io&- \ -\-\ Lo S AR
' c"' t_hg qu?l §2551 \.re given in Tnble 1 2 . _\“\.*“ WA \\ EANE e v "
. 3 A ; ' \ : i o g B \ a\
R B 1h5 Thc Moclgl 524.)L features 5611& state design, o) j\i ‘\ 'I‘a.)!e 1-1‘| ‘ Equipment Supplied
\.‘:‘ : }  ‘- low pawer’ ‘congimptich, small | size {6-1/4" inchipanel - e ,
o \}' *, height), ‘light weight( 2 1b), . easy convei'slonl'or\rack T B \ Descrlption \ " . | HP Part No. ‘
o -inounting, and modplar plug-in circult boards t‘or ‘
s \ j, slmpliﬂe& maintennn\::e' DA by TN l i LDetachable\puwgr cord 7'71/2 IEEt - 8120-1378 - , "
N e . \\ T ' T SR \(23} cm) long | ..\\ o ‘ ‘
i TR GRS (N : S 8 feel (172 cm)'] |10 R
. \ 16, |Nsmzmm IDENTIFICA ION s B;Ceconinii émﬁ m) ) f\'"_g *T"""e 1A L
! ) warc e | maemanthae 5 |'s2a3naen’ | L

. '. fber mountéd o:} the rear\panel,  Eatlier instruments \ . Kit includes L
.+ 1| usean 8-digit serial nymber (000-0D000) Thqflrst {1 Right—hand pracket Vo

.| 5020-0709 ;"

N ' i \
3. v 1-7, Hewlett- P.lcknrc.u Eb nt\vo-st\:tmnberinlnum-
: /| 5020-0708 -

| W digits are a sérial prefit number, th&e last ilve dlgits 1 Left-hand bracket b
. li~refer to the specmc instrument. | Later instruments v 1 Strip filler {gray) = ' ' Ly 05243-4001 . :
b "._m“ use.a 9-digit serial number (OOODAOO 00).": The Ilrst' .‘ o1 Label . 41y " 'y | o5243-9004 |
U o four digits arethe serial prcﬁx and, th labt fivediglts 1 Circult bom-P extender e 05243-6022 | -
o ‘_--’ \refer\to the spet‘iﬁc instrument L L\ \‘ \ b ‘
\ Vo . ll \ . "\_\\ -![\ o \', , \ . .‘:‘.l , ) ' ; \ . , , . 1-1
%‘ ‘ .1’ .;\=' \ o \‘ \ "g\' "4’ = “: . A.: - ‘!i:. ’\ ‘ . s } l ! ‘
I -. ! I. ] :‘1. “|'= AL J‘., \' ) ‘ ‘4‘ . .'|. i I ‘| |-,.1
_"\( s - f\ ""u\l. ‘\7.'_ ‘\i’f‘ r‘_‘\r..“il 1 L I. ' \ B § ‘!
A s A —— R .




' Seclmnl IR o : ' ‘ 'tj" : 'Mod815245L
_Tnblelz ’ g e TR
o . ‘,.1. g 0 N ;o }
",“. ii EARRII " o I T a '
Coay ) I it
) & FREQUENCY MEASUREMENTS ” ; j ' / Accuracy 1 count ol‘ fy ¢ lrigi,er g.rror‘ ni)fz
| ‘ . o ‘ [1 is irequcncy applied. tothedecimnl counters v
‘ -’J" Ra(i;%emo :0i?&trl};‘zu(gcsi:f:itt)ivﬁs)ﬂ‘!to 5,0 MH!. L4 lenters Time Base Ext. jack on Iront pnnel), g
o X pu y I I )[2 is i'rcquency applied tu dccude dividers
Gate Time. IJLBQC tol(}spconds Indeccde steps. o 5;.\' (enters Sii,nnl Inpat jnck) SR SRR
I.Accuracy‘ 1 count F time base at.curaty ')'_ o Readaut. Dimenslonless, positioned del.imal g
| Readouts KH 2 ‘Sr MHzWith positioned decima) " " polht for numbor of periods averaged.!"
H point" units nnnunciator in line with dig,itni . Self Chec‘t' Pcriod Average Scl[ Check applie::
o R displny, ey R iTIMEBASE S T
Self Check c-.‘:unts 10 MHz for the gntc timen ‘.‘ / el ' S R
' " v chOSen b:( the timé base selector switch. Frequency (intemal) 1 MHz, R P
R L O : Stability Aging Rate'- less than Spnrts inlO9
: P Coo o Tt v ‘per 24 hours, % Asa Functicno( Temperatore:
. sc‘“‘m‘G o Nt 2t lessthan £2 parts in 1019/°C -20°C to +55°C, |
'requency Range, 0 to 50 MHz v ’ ' i As a Function of Line Voltage: less than +5!
‘g v+ .oparts in 1010 for +10% change in line: volt.ig,c
, , Fnctor._ by decndes up to 10 ». Switch selected . from 115 or 230 v rms o
3 on rear panel I P I Y . o,

|
¢ ) % f 0
' |

[

' ’\ Output. in placeo[ timebnsenutput lrequencies ’ L ond 'under constant environmentn] fmd line

.-' ;
[

igplay. " - "’x R Yoo . " .baset 5 volts p-p rectangular, wave. with' 1000

Belf Check Gate e is 10 LB to 1 ‘sec (perlods Y ohm source. impednncc at 1 MHz and lower;; 1.

. .averaged of 100 kHz), counts 100 kHz from the - ' . voltrms sine wavewith 1000 ohm source in‘;L- ’
o time base. e o Ty edance nnly at 107MHz: f o A
: 'E'ﬁ. '\ o . »..,"‘i . ".-,!' ;' (- S g 'Dront Pnnel 0.1Hz to IMHZ in decilde btcp‘;,
. 0 Yo ' T ‘'selected by Timé Base switeh; caval nbillty as
RATI MEASUREMENTS } ' ‘ + defined uﬁder Output, Frcquencics above; sta-
Displayn' (fy/ [2) times period multiplier.. o ’ I!bility same Qs interml timn ba:.c; 1 v p- -to-p.

'Range f;-0 to 50 MHz. fz"' 0 to 1 MHz i Externa.l Sta.ndard Frequency 1 MHz, 1 volt,

. single period, 0to300 kHz in multiple period; " rms,’ into 1000 ohms required at rear panel
periods nvernged Lto 105 in decade -ateps ‘ BNC conneccor PRI .

' . ' Short Term - less than. 2 p.ms in 1010 f.m,

Input‘ Iront pa.nel Signal I“I’“t - with measurement averaging timeof one sec-

n ) ‘ A f ©yoitage conditions. . ,. : o b
e ] . . i i
o Adjustment Fine i’ruquency nd stment (rnnl,e :
'PERIOD AVER‘AGE MEASUREMENTS 2o Sors  approximately 4 parts’in lﬂb) 'and medium
_'Range. Sing,le Period '3-‘ Loy Qt[)] M}{z o . frequency ncgustment {range app:‘b\;imniely
oo ~Multiple Periud PR to 300 k}{z R | pa;'t lin 109) ‘are :wniilall)lnzI [rog the r;-ont
e ' panel through the plug-in hole. Coarse fre-
Periods Averaged 1 period to 105 periods in _ Tguen g adjustment (vange appmxim ately 1 part 7
- decade steps.‘:\ R B toE S nin 109) is available nt the rc.ii' of the instru- 1"
¥ Accuracy. ‘i:l ‘count . time bnse ncchracy ;t ‘.l + 'ment, Co B
trig;,er error.? - 5 H S i S Ohtput Frequencies.
s Frequency Counted e " e *' Réar Panel: ", 0,1, Hz to 10 MHZ dn dec.n,de
,1-and 10 period IHz to 10 MHz indecadestcps ‘;,-‘;" steps; switch selccted on. rear panel; all'fre~
"'100 period . S wv., 10HAto 10MHZ 0 ° quencies avnilnblo in manual function without .
'. n‘ 1 goo period sl i’ . . 1100 Hz to 10 MHz ,.. . interruption at, Feset cxr‘,zpt 100 Hz,'10 H.., 1, f N
10 000 period i.;", '| ciea 1 kHz to 10 MHz"" Hz, and 0. 1. Hz which'are interrupted by .
,100 000 period . .‘ . 10 k}lz to. 10 MHz . iv'manual reset; ‘10 kHz to 10 MHz nvailnblc

v ¥ contimiously. {n all fupetions; 1 kHz .w.uinble
continuously for all functions exd! up; lOOi\, )
A 4,.‘ periddavemge. stnbility sameas intorlm time!”

:" Readout - sec,. ms, ,15, with positioned. decimhl
. ”,= goint ants annunci'ltor in line with dif,itni

f - . -'. .
; I \ ? »r, R ! "

Senﬂlﬂﬁty 0.1 V rms, Each input' 'I‘ (. ot i GENERAL : o N ;
et , Registration. B digits, Sn-line with rectnngul.ir

| *Trigger errorisless thun 10 ..'Y o[‘une]:eriod 4 perioils Nixie™® tubes and display storage; 99,899, 989
averaged for signals with, Imlb irv be!lersign'll»lo-nnisc' roo 0 maximum! dibpiny,totniwidth of8 dil,i\ display
cratfe. T o o tneluding illuminated .units anpuncialor, and

' ' Y L . »'+  auto-positioned decimal point indication does h
- _,\'fu:r 72 hours of continuous gperation, - ® not exceed 7 inches, - /0 ¢ P
- S !" L Burroughs Corporation =~ -7 . { A .‘.- e

RTINS
;




. Lo R T Vs o . Sy ) L g ' AT TN o : .
Lo "". v LS N T Pt - o ST . i .
gl AR R A P AT R U P L R T

I L A S S A ‘.“I"j .. ‘Section I
P T oLy Table 142
“ R T |' i P A BT PR . ,"w [ : ’ o
. ' L) L AR | r; F () N : ! , . ) 1 b _«I l_. 1 ,
Lo o ','I-?" _;"‘Table,!l-_Z. Sp?ci[lc'atic):ns {cont'd)’ -~ - . S A
1GENBRAT.|(contimlcd) o '.[:-‘ Iy ;i _ \1 S EAEE "." K
DisplayStorage. Holdb readlngbetw;ebn samples, A Cablu Connectm ~Amphenul 50-pin 67- 30500 FI !
;! switch overrides storages. ' AU ) lrequired o N
. Sample Rate’ Time folluwln{,a L.ate Llosmg dun- _ Hold-off Requlrement - +15v min., +2‘3v nm.\f b
s , \ingwhullthe gate may not be reopened is con= < “from chassis g,round (1000 oh bnurce; I oo
ERTEN AN HE tmuously 'varfable from less than 0, 2 sec;to’ 5

I o Weight ~ Net 34 lb-, (14,4 ki) with bl.mk ,)luk.-in,
RN IR TN secondsinfrnquency mode, independent of patd shipping, 40 lbs (18, p) l:g,)

Ll timey display can be held ipdelinitely = - 5
o . o . Power Supply - 115 or 230 volts +'1 0 to 60
I Op erating Temp erature Range ~20° Cto +65 C. Hz; .95 watts (50 to 1000 Hz o;wmtion, bpeci.ll

| onnectors, / BNC 'type cwépt for. BCD uutput. _ “order). . !

- '1 S 1nd powar C'lble' ’\ S R, : ‘ Accessories Furnished -JH 10503AC.1b1e 4 feet i

PO RN A Slgnal Input ne e, et "4 long, male BRNC connm.torb Detach.lblu
R \Muimum Sensitivity - 100 mv rms, ‘Il . power cord, 7-1/2 ft'(2040 mun) long, - NEMA
cooho | |Abtenuation = Step attenuator provides. rnngeb o plug Circuit Buurd E\tundnr. i -
Cun b Y ol 0101, and 10 vells rms, | Ll L R
N P rigger. Lavel Ad]ustment - Front p.uml con- Dir‘:}enciqns. T S '
1 ‘1_ trol has 't 0, 3volt t.ig[.,erlevelr'mge on 0,1 PR T \
' _ oy volt posi*ion, + 3 volt. range on 1 volt posi- Lo o :
SRR R \Llon, ahel £ 30 volt range on’ 10 volt positions ., - ., .. O E-S T Sy
S e l!’\ preset' position automatically centers
o)y trigger level atizero volts (or all posmons ' A
: : A, [of attenuator, ‘ S
y ot \- lmpednnce 1me;_.,ohm in parnllelwith approx- _—
N \ |- imately 25 pf, all ranges. o L
SO , 'Couplmg ~ac prdc, separate BNC qonnectors R
AP \ o AC cm.pling, lias 600 vdc, 0. 022 urcapacitor co
BRR ,’ . .\;' (-3'dB at approxintately 7 Hz), o S
‘\Overload ‘Protcetion’ ~ Diode clnmps protect
: ,' { '\ input cfreuit for up to 120 volts rms on 0.1
Cogfit volt range, 250 volts rms on 1 volt range,. T A
vand: 500 volts rms on 10 voit range. ‘Input' - . . L R
‘ 'resistance under ‘overload conditions (ap- 4 . ' VR o
. proxlpatexy tentimes minfmum sens.tivity) OPTIONAL AND SPIZCIAL FEATURBS

. wiIl bg! greater than 100K ohms on, 0. 1 volt - Wi
‘-_range ‘and approwimately 1 megohm on Optlon 002 4 line BCDl 2- 4 B ’1 stnte posi-

M - SRR o

e Ty "

[ AT

. ‘ ttive in liéu of 1-2-2-4. (identieal in other re-
R otiler panges.. Lo T I B, arectq Lahove Output. data) [or digita unly
Sy v Time Bas | External Input (Front Panel) o)

et L‘ Maxiniwih Sensitivity - 100 mv, rms, - 400 Optiou 003 4 une BCD 1 2-4- B yn stnte ne[,.l-
S PR Impedance - 10K chms, . npprogimately 20 Pf tive'in liew of 1-2-2-4' (idcnllcal in other re-
"';”, U J DC co) PIE"» S spects to above Output dnt.t) for dipits only. ‘
L, \ ’OVer}na < Diode clamps protect input circuit ,' )5‘ Vo o
L o, IOI‘ \Up 0 120 ‘OltS, T T Remate Operntlon.f 'All Iunctions whl:.h iy be
;';'. FRRI | '% Output: - \ Sy L })rogmmmed from the front panel controls
0,k T 4ine' BOD 1-2-2-4, "1 state pesitive. dn 0 | .g. et use) piay t"i’ F*flla";{‘s“““"]i “;‘;'"{‘:{ :
4y 7o b ™ tine BAD'1-2-4-8, available as Option 002 |  Femote ldcation éxcept for the"Sample Rate

TERSRN BN HET stdteposﬂve) :md Option 003. ("1"5[:11& C (a5 defined abave) and the sensitivity control |
2D 0T negative. KRN o ..\ . betting. - ‘The instrument provides {through
Gl T g Shate Leve.. -Bv. S I -+ + ’rear panel conizectors)all;voltages negessary '
oo SR e state ’Leve! +18y. © ..o . for remste cantrol. . The programming volt-
RS SNTIN M Impedance - 100K, each line, oot ages for Tinme Base and Fupction control are -
DN N B Reference Lovels: ! : g : ; ‘low level, -15 volls de’at 5 s per gate, Con-

o] . Appru ima.tely +9,'," 350 ohm source. . . - lrulmnyalso beacluwed byusjnl, an external .

PEEE BN Appro[:hmtely “1v, moo‘ohm uource. | © v, -15 vo't.de supply. "The positior of the deci-

. L ‘. Output iS suit abl e for sybtems use ‘or output - . mal point’ and measurements upit ni.lybecur»,
ST § . devieps Such as & Model 580A and 581A ' rectly illuptinated [rom the remote location,
e - Digilfl to-Analog Converters and includes’' ', using +1,70 wvolts de: from the intern.ll or nn_.

SR :"'\ tl the decimul point and m. :asurementunit for- externdl supply. -
o s6RA ‘Digital Recorder. 0 ‘Cable Connector: Amphenol 36—pin 57- 30360
USAREETS BV Print C'ommand - +13v tn Ovstep, de- coupled 2 required ‘
L -}; . ."1 et ‘ \ o _ Y x )
B T AT R Y I . . ' . ' ! . Sy )
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g ,;::;;f 2-1. lNTlObU TION.f ‘41 & ' 2 Id. REGULATO A diod:kregulatoruseshclther
St ; , the constant reverse-—bias tireakdown voltage charac-
/ 2 ‘I'hls stctlon dEBCAbeS hm. th? MME& 5245L teristic of a breakdown dinde or the constam forward-

uperat;s. _Basic circults used in the counter are deg-
il .f cribéd first (Paragraphs 2-3through 2-24). ) Operation
B of ‘decimal counters and decadp dividers is thoroughly :
. dismussediin Paragraphs’2 Fi5 through 2-35," A disw
.. -cussionof basic counter functions is given next (Para-
©. .« ‘graphs 2-36 throigh 2-43)/ Pulse timing circults and
RN " overall operation of the :;tlre counter are discussed

tiescribed in orde: of its
(Parngraphs 2;.51 through

] S T

~''section’ each’ assembly |
U n.ssembly desig1ation (

2-’3. THE DIODI

| ..-4 GENERAL. " Se
i slgnal-handl J'ng circuzts ahd m power supply rec.tuier
| am'i reg'ulato circults. . (N .rﬁ} Y

Ch )
R S 'T‘HE! :
o !, . sometimes used as’ar OR gate. The ' OR ga.te isa .
raultd ple-input circuit which renuires only’ ore input
. ,‘ to 'produce; an. output. w Figure -1A ] showa son.e jOR .

g'ue conﬁguration ,] ’ , L ‘

‘ '2-6 THE"AND™ cAﬁﬂ

o

N T
f

‘circuit 15 u multiplefihbut circ twhich requires the .
‘presence . of all inn it |signals: to ploduce an ©output, *
‘-I‘lg‘dre 2-1B shows: anA NDgite. conligur,'e.hon n whlch
n.n lnput signal is le

izcd control: yoltage Ll&-:! ipplled o

3, Ths”"mman-l FA’I‘E h» signnl nprmauy
paases throughan IN B ' gate; add,tﬁg a second signal
', :dloses. the gate
i through Ore. of thp most lcommop forms of the IN--
‘ ‘HIBI.T gate is the’ sexies gate shown i Figure 2- 1C,’
[ 'If thedlode is biased off)th gnte is closed, apd pulses
" do not. reach the dbciide d vid ror, decimal counter;
when the diode is bias d on, t;} puises 9 through the
gate and reach the ecide ciiv e
: 2-8 LIMITERO (‘LiPPER.)Th- llmlte:; cr clipper
" 'is'a‘circuit which emuves'po;fitlve or negat!ve peaks
2V of waveforma, It. cainibe used either as 2 waveform
shaping ‘cireuit or as a protective device to- prevent
. excessive voltages fron rl.aclilnga.sensitive circuit, -
' . Figure 2-1 shows|a limit!#rwhlch preventsithe nega~
. tive peak of a pulse fr-om going ‘more negative than, .
ahuut -0, 6 volt, \{«Iote that for a conducting silicon
., (", diode the cathode voltage is about 0, 6 to 0.8 vo!t niore
' ;i:f . negativ.. than the anode, | . ©

v 2.8, CLAMPER OR De RES‘I‘ORER. The clamper or

"'DC restorer is a circuit which establishes either the '

. positive ornegative peak of ; awaveformat a parttcular ’

DC reference voltage;'in, ‘other 'words, it provides a

deﬁnite baseline voltage for the waveform, Figure 2-1E
' shows a, clamper ' which provides hbaseline of about
‘*:’ +20 volts Ior a nega:ive mlsc.

D " .
|_‘|fl.'. I!/

-~ in Paragraphs 2-44 through 2-50, At theiend of the '

conductor diodes’ are used in "

"ORY', GA,‘TET‘ Two ur more. dibdeh a’ré"

Tl

'rheAN grt«iorcd‘ncldence -

!sed’unly whenm ;froperly palar- 8 .‘ ‘,

ents the. bignai Irom going ‘

|
1

ror declmal count‘.r. )

" bias voltage drop characteristiz of a silicon diode.
"Power supply, reference v-)ltag..o are generally pro-

vided by bireakdown diodes/which maintain a constant

. voltage when supplied with' a reverse-bias voltage
_greate: than their specified: breakdown voltage, Regu-
lated voltages can also be provided by a forward-
.’ biased silicon dioda which maintains a constant 0,6 to ;
'0.8 volt drop. Figure 2- II-’ shows connectlons for huth
iypes of dioden. K

B."Ani" Gate <. “Inhibit” em'

- | D

o -, 1 DIODE.CONDUCTS WHILE
Sy ' © CAPACITOR CHARGES

“. +20 -
0—- -l0—

. — , —
. ’J . o
i ! L

E. Clamper +20v .

, Vi>-56v) 1
_, REGULATEN
g -56V
: Y sy v
i I 4 I

U /J‘t " F.Regulator’ '

i S ——i—
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\2 13 GENE‘.RAL. . T:‘ansistlars are used throughout
thet.ountermcircuit configurstions such 28 the ampli-
fler, the flip-flop or blnary, the trigger ctreuit, and
the one=~shat. multivlhrator. In the folkcwing para-

transistor circults are discussed. These paragraphs -
discuss the eastly observed changes in currents and
_ voltages’ in transistor circults which help technictans
. locate elreuft. fauits butdo not attempt todescribe ‘how
- transistors work intbrnally. |

F.fi ! 4‘ v ?l Yo

Ce- 13, BIASING AND CONDUCTION In o transistor
a smnll hase-to-emitter chrrent controls a large
] culleclor -to-emitter current] . A comparison of NPN
| - transistor and PNP" transistor operation is shown in
. Fig,ure 2-2B; Indicated current répresents conven- '’
tlor.nl flow of posllive charges external to the tran-
! sistorand is not hlended to/indicate flow of carriers
Lo - inside the lransislor structure, Notice that the effect
R o[emltter-base-c-:llector voltages istotally reversed
T pelweenNPN and PNP transistors; circuits which ure
;) arranged for aniNPN transistor usually function ',

h
I :
.,.; P i

: h‘/reversed : g _

i 2- 14, AMPLIPIERS Three basic nmp‘l[ier ty;ﬁes

: , are available (Figure 2-2A) These amplifiers mny

l be used alone or in combination to form complex

,clrcults. S . { L J g

LI f 4 | 1 . o P
B (I "';: ! ; h’ : ’ L
o \2-15 FLIP-FLOP, The mp-nop isnbi-stable two-_-
- . transistor circuit in which‘one transistor ‘conducts,
: ‘mldlng the other cut off bach input pulse causes a
. v reversal of stat:s; that is, the cut off transistor is
w0 turped on and the ;.onduchng transistor is cut off, In
© - the {lip-flop shovmn in Figure 2-3A, Q1 is Initially con-
ducting heavily; :its collector voltage s oniy slightly
" negative; a near-zero voltage 18 supplied to the base.-
.. +of Q2 (junction of R2T7- 2b divider), The voltage drop
X across R24 prociuces a' sufficiently negauve voltage
. 1" .'iat the emitter of Q2 to hold Q2 cut cff, - With Q2 cut’ -
o off the R18-R19-R20 d.lvlder delivers 2 negative volt-

' nge to the baae of Ql to) keep it cond.xct[ug. _

i ' B l
- \ o

2- 16 At time tl the’ ;iositlve input pulse cuts off Ql,

the Q1 collector voltage goes. negatwe and drives Q2

.+ into conduction {R27-R28B.dividar to Q2 bnse), the Q2
/i, collector voltage and the Q1 base voltage (RI9-R20 '
. divider) then become considerably less negative, per-
© - mitting Q1 to :remaln cut off. The R26-R2Y-R28
. divider dellvers a su[ﬁciently negalive voltnge to the-
'base of Q2 to drive 1t into conduction, 'In a similar

.4 and starts i seQuerce of events which ends with Q1
© . conducting and Q2 cut off, . Note that a positive, input
pulse has no eifect on Q1 if it'is aiready cut off. A

T regative reset pulse ‘applied to the base of Q1 returns I

. the flip-flop to its initid) condition (Q1 conducting, Q2 -
. cutoff), . The ‘diode: CRS removes the negative pulse
‘ from. the differentinted ‘square wave input, Without
.. this diode, they negative pulse would drive Q1. which -
L is cut off’ and the stage would switch [rom phe stnte
l

" r

“.'. R o

graphs, basic transistor operntlon and: a few ‘basic '

A A N
T 1

] ;normally for a PNP tr:nnslator i supply voltabes are |

AN v

| ! iq‘:
- ,
. l_
' .
i . - ).
lcHARACTERISTIC[  COMMON ~ COMMON L
i BASE - EMITTER COL ECTOR .
nput Impedonce *|- 300-80n | 500015000 2onn-5oom4
Output Impedonce 300ke-s00Kkn | 30ka-50kR | 500-l000a
, Volruchuln "} 500~-1500 3001000 < o
Cwnnrscm < n"'25-50 25-5%0 . . a
| PowsrGiin | 20¢8-3008 | 254B-40dB " | loaB-20¢8 . [ - -
R ' a . i | IEmitter Foliowsr) o
- " B. Transistor Blasing
TYPE " CUTOFF CONDUCTION /
1} NPN 3
' . T
L} mlt.' G N ‘qv N '
)R N .
v ) |
. EQNTTER' ,
I . B B !
{j' - o T | 1
N PNP . i ' N | , -y ’
' : , !
_ . couLEcToR | @+;‘;L .
' — % MANI
. }.\ﬁ@ _ N il CURRENT
b ewTTER | , , ,.‘{" o '
i - f!,‘

-", . . manner the positive input pulse at time ty’ ‘cuts off Q2 ‘
L o'a single input which is connected either through a pair

v R L
Fig‘ure 2-2, -Transistor Operntion‘
5- o ¢
to the other but wotld not divide by two. s The AC
coup;jng through 'C2 and C3, insures fast switching

The - DC coupling through nm .md R27 inbures bi-
;' stable. charnuteristics. . Lo _

1

+

. . . , ) !
h v .

2-17.. BINARY CIRCUIT. In this manual a Ilip-flop
which completes its.operating cycle and produces an
output bulse after receipt of two similar input pulses
is, mlled a binary circuit, since it is o, counting device
in a binary system. The binnrv circuit s driven from

of resistors or through a pairo[ bnting diodes toeach ’
translstor bnse. LRI

218, T RICwER CnRCUIT The trll,ger circuit isa o
limiter’ or squaring circuit which produces an output « .

wave[orm with very fast rise and rall times. The - !




g N

-l
i

}

Y. ' /,‘ "I\ N )
1l Model 52451 ¢

‘A.Flip~-Flop ; ‘
R o
h R ] te I
R -, T =S, §
RB2  yd L. (R A
o= -v] ouppur
. : \ B
c2ale 3a9. » R2T3 lca
am 02 J
L ;
"' R0 % [ TR22 ‘ R253  3R8 )
b Con oy 24 - | ¥
h‘ I' *V"'L L s
L) 3 o3 e !
INPUT & -
' 23 —0 _:CR‘J .
.. Reser T trumns on an -y
i X T
B.Trigger Circuit _
Lo -y |
R
! .
R23 R52 .
- 1« T oureur
P—————
. ) - LA k “02 . -'_‘\ i
’ Le 'l > ..I
R b!‘

NOTE: . . o " '
W= INITIALLY CONDUCTING TRANSISTOR -

Figure 2-3, ‘Basic Transistor Circuits

L

o
1 b

Paragfabhs 2-19 to 2-24

o ifigger cireuft is s'i.milnr to the flip-ilop excebt that

the RC network in one half is replaced by the Input

--slgnal, . Capacitor CI bypasses R3 ‘to couple [ast

changes in voltage at the Q1 collector to the base of .

Q2. Either Q! »r Q2 can conduct, depending on the
voltage ut the input. Note thut there is a slight dif-
ference in input voltage {called hysteresis) bhetween
switching with 2 negative-going input (time t,) and
switching with a positive-going input {time ty)

- ‘ ‘
2-19. GNE-SHOT MULTIVIBRATOR. The one-shot
multivibrator Is o'circuit which generates a pulse of
some specified duration following the application of
a sultable tripgering pulse. The éircuit is similar to
the [lip-flop eéxcept one DC coupling path has been
removed 50 the circujt is stable only in the stute with
Q1 conducting: ¥, , ‘

2-26;: In fhe typicnl_: one-shot multivibrator shown in
Figure 2-3C the followtng conditions exist during the

‘initinl stable period: the R5-R6 divider delivers a

suflicient):-negative potentinl tothe base of Q1 to hold
Q1 in saturation; the Q1 collector and Q1 emitter are

. therefore slightly negative;the R3-R4 divider detivers

the Q2 base an even smalléer negative voltage to hold

Q2 ‘cut off. ‘ Lo : '
[k .

2-11, The positive triggering pulse at time ty reduces

i

.conduction of Q1; the resulting negative-golng voltage |

at the QL collector is applied to the Q2 base through

- the R3-R4 divider (C2 bypasses R3 to provide coupling

“fot the rapidly changing voltnge at the Q1 collector);

Q2 begins to'conduct; the resulting positive-going

“change in Q2 collector voltage is coupled through C3

tothe Q1 base to further decrease Q1 conduction. The
process is regenerative and quickly resuits InQt being

- cut off and Q2 being saturated, :

t

2422.L'.Cnpncitor C3 now !g::hnrges at a rate mainly

determined by’ the values of RS and C3 (main chm"gu

. path; R1-Q2-C3-R5). -Whén the Q1 base voltage be-
"comes sufficiently qegntive,, Q1 bepins conduction;
- the resulting positive-going Q1 collector voltnge is,

coupled to the Q2 base; the Q2 collector voltage goes
negative and is coupled through C3 to the Q1 base to
further increase Ql.conduction. The process is re-
generative and ends with the circuit in its original

quiescent state, QI saturated and Q2 cut off, i

2-23. FIELD EFFECT TRANSISTOR (FET). Field
elfect transistors have three termirals: source,
drain, and gate which correspond in function to emit-
ter, collector, and base of junction transistors.
Source anddraln leads are attached tothe same block
(channel} ‘of N or P seémiconductor material, A band
of oppositely doped material around thé channel (be-
tween the source and drain leads) is connected to the
gate lead. ' -

2-24, In normal FET operation, the gate-source
voltage reverse-biases the PN junction, causing an

electric field that creates a depletion region in the.

source-drain channel, In the depletion region the
number of available current carriers is reduced as

. the reverse-biasing voltage increases, making source-

T
'

2-3
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.bertion 1 : ' -
qua;,r’lphs 2-26 to 2-28 Co

\‘J

drain current a function o[ ;,atp-suurce volt.lge. With
the input (gatessource) circuit reverse-binsed, ihe
FET presents a high impedance to its signal sources
(as compared with the low impedance of the forwaxrd-
blased junction transistor base. emitter circuit). Be-
canse there is no input current, FET's have less
notse than junction transistors.

P channel field effect transistors,

1

E

¢

A. FET Amplifier Charhctaristlcg.

! Y
CHARASTERISTIC|  COMMON SOURCE COMMON DRAIN
' [Source Fallower )
Input Impedance IMG-15Mn IMR-15MD .
Output Impadance SOKn-IOOKn IKL-10KR
Yritoge Gain 10-200 C e '
Power Gain 6048-100d8 40dB-60d8
t
I , )
o B.'.FET Biasing'
TYPE . 5
\| . . +v‘ ‘| - +v i
N-CHANNEL ~. .
. DRAIN L
o) MAXIMUM  |INCREASING Dscnznsss
GAYE CONTROL | CURRENT | CONTROL RRENT
- .| voutase | FLOW VOLTAGE [, FLOW
SOUREE ‘ .
-y ’ -y
P=CHANNEL ' '
' > <
‘ DRAIN
: I MaYXIMUM | INCREASING | DECREASES
GATE CONTRDL CURRENT | CONTROL™ CURRENT
/ VOLTAGE | FLOW . | VOLTAGE FLOW
SOURCE

Figure 2-4. Field Effect Transistor Operation ‘

BASIC OPERATICN OF DECIMAL

2.25.
COUNTER OR DECADE DIVIDER
2.26, INTRODUCTIOI*}. y bperationo[ the‘ decimal

_counter circuit and the decade divider eircuit is simi-
Iar., The difference between the two.is in function.
Decimal counter circuits divide the inpot signal by 10

“and actuate the digital display tubes, whereas the
decade divider circuits are used to divide the mput

2-4

4

Fipurs 2-4 thows
the schematiz srmbol and biasing for N channe’ and.

, : - Model 5245L
- ‘]","n."; K D "‘ A

signal or tl.e output of the intern.ll osuill'ltor into the
'"frequencies to be couhted or frequencies to prov ide

the various pate times, Throughout the foliowing dis-

cussion, circuits are referred to as™ counters' though
the description upplies egually to decide dividers.
Par :1|,mphs 2-25 through 2-28 cover generul operi-
tion of the counters with emphasis on counting lopic;
Paragraphs 2-30 through 2-32 discuss readout cir-
cuits; and * Paragraphs 2-73 throuph 2-86 di:uss
specific decimal counter assemblies .md the readout
assembly. e :

t

2.27, INPUT AND QUTPUT FROM BINARY. Figures I

2-5Aand 2-5B showa flip-flop connected for operation
ns a binary cireuit (basic flip-flop operation is dis-
cussed in Paragraphs 2-15 and 2-16).  Puositive input:
pulses go to the bases of bhuth transistors and chuse
switching by cutting off the conducting Lransistor.
Negitive reset pulses go to the base of ‘onetransistor
and turn it on, Note the letter A" near one transis-

. tor and "A" (read as "A bar” or "not A") near the

other. ' The positive-going tr ansition at the collector
of theA transistor (while switehing from A conducting

" to A conducting) providca the mput to the next bnary

c1rLuit _

o -ZB FIRCUIT ARRAI\GEMENT AND COUNT
. NOTATION.

Figure 2-5C is a blm.k diagram of a
E;i,vr:ic.ll four-bm.uy Jecimial counter.  Notice that the
output is applied to the D, D, :ind C transistors and

"thut the D output is .\pplied only to the C transistor.,”

E.lch input pulse produces u dilferent combination of -

conducting nnd cut-off stages; there are only 10 allow-
able .combinations and eich combinntion represents a
decimal digit. Declmal welghting is the decimal value
assigned, arbitrarily, to the output of a p.lir when the
piain-letter transistur 15 cenducting,

a. Decimal Count. Decimal welghting used in the
Model 5245L counter is shown in Figure 2-5C,

immediately .above each of the four binary: stages. .

The decimal weight each palr represents is present
only when. the plain-letter side (A, B, D, or C) ib
conducting; when the barred-letter sidt. (A B,

C) is conducting, - the decimal weight i zero. The
decimal count can be determined by adding the deci-
mal weighting of the four stages. For example, if the
A, B, D and C transistors are conducting, where A=1,
B=0 =4, C= 2, theoutput 45 1+ 0+ 44 2= T,

'b. Binary-coded Decl:.mls. In binary-coded deci-,
mal notation, the output is either 1-(when the plain-
letter transistor is conduéting)or 0{when the barred-
letter transistor is conducting). - In. binary-coded
decimal notation, the order of the blnnries ts given
s0 that binary-coded decimals can be written with the

 least significant digit to the right. Thus in the system

_used in the Model 5245L the blnary- -coded Jecimal

notation normally is given in the order DCBA. '{Coun-
ter. btnaries are shown inthe ABDC order'cn the
schematics and in Figure 2-5C to increase clarity in
showing signal flow.) For the decimal count of 7\k|scd
as anexample in Paragraph a,withD=1,C=1,B% 0,

A= 1,the binary-coded-decimnl numberwould be 1101.

) . \
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2.29, SE.QUENCE Figure 2-6 chowe the counttng a\ . — -~ |
‘sequence for a typical decimal counter. Initially each - N : , a
binary is in the "0" (reset) state (decimal count = 0, A. BINARY CIRCUIT - IR ‘ o
NCBA = 0000), The following action takes place when . , , : Lo o
n scries of .nput pulses is npplied to the counter. , \‘ : C _B'Nﬁi".ﬁ !

.} . -

“a, The fi st pulse sw:tches A to the n state - — — - =
(DCBA 0001=0+0+0+1=1) : : ‘ i

"h, The second pulse switches A to the 0" state; ‘ \
the output'from A causes B to swttch to the "1" state o-
(DCBA=0010=0+0+2+0=2) 35y \' 1
ReseT )\ T
TURNS ON. &

AAN
VW

'uc. The third pulse, switches A to the e stnte |
(DCBA 0011 = 0+O+2+1-3) ‘

' aQl

d " The fourth pulse switches A to the "'0" state; the TR \
output from A switches B to the "0" state; the ocutput o ; M. Lo
from B switches both'D and C to the "1' state; the o \' T ' :
resulting signal frem Cis applied toBand D to return s lsv-" : —
B tothe "1" state and D tothe"0" state (DCBA = 0110), INPUT N - e,
‘Although D is connected to C, no switching vecurs at —_— ——); CUTS “OFF THE - t‘.ONDUCTING
C as a result of the final switching of D since C has ‘ CONDUCTING o TRANSISTOR

not [ully recovered from its recent switching, - - TRANSISTOR I AFTER RESET ‘

AR

AR
LAa g

e, The ftfth pulse switches A to the "1 state ‘ ‘ 3 \ = L i

‘DCBA 011 =0+2+2+1=5) B. EQUIVALENT BLOCK FOR BINARY CIRCUIT

t’ The sixth pulse swttchﬂs A to the "' state; the . oo A '
output from A switches B to the "0 state; the output o L R E : Sl
from B switches D to the "17 stnte (DCBA = 1100= . . v !
4+2+0+0 6). o . ‘ Cobl oUTPUT

g. The seventh puise switches A to the "1" state ' R , i
(DCBA_um 4+2+0+1-7) . S » o

‘5

h, The' eighth pulse swttchesA tothe "0" state; the I KN X o ;
output from A switches B to the "1” state (DCBA = et . o ; ,

1110=4+24+2+0=8), INPUT o

i. The ninth pulse swiiches A to the "I7 state ' L R I T
(DCBA=1111-4+2+2+1-9) . \ _ ,

j. The tenth pulse switches A to the "0" state; the L A R co
output from A switches B to the "0 state; the’ output o ST v :
from B switchés D tothe ""0" state; the output fram D ) ;o o
switches .C to the 0" state (DCBA 0000}, WhenC = C. COUNTER BLOCK DIAGRAM
becomes"0”, T produces an output pulse which serves - v . IR
asa carrypuleetu at‘oliow!ngdecimnl counter assem- ‘ L i

bly, The counter is now returned loits ong_,inalcount o BFD '\;E'GHT'NG 'IZXCTOH 2 Y

2-30, RESE[‘TING TO ZERO The reset pulse, B : '
(negative) is tipplted to the base of the "0" state tran- - : A .8 D c
sistors (A, B, D, C)in each binary circuit, [f the - ’ ' o ‘
"0 gtate transistor is conducting, the pulse has no _
‘effect; if the "0" state transistor 1s not conductiny, 1 - A .
the pulse turns it on. Thus the reset pulse easures . ' : : ouTPUT ' |
'that all four "0" state transistors are conducting. A X E f , ] ‘
Figure 2-7 indicates a decimzl counter azsembly re- . j" /
ceiving a reset pulse, ' The counter.is in the decimal ! JINPUT. L g -

14" state {DCBA 0110} and the reset pulse returns the ‘ ‘ FEED-AHEAD]. |
decimal counter assembly to the decimal "0 state ' e ol N
(DCBA 0000), Decade dividers can be reset us re- . _ o / ’
quired to any desired state, since reset inputs are - ' -
nvnilable at cach transistor, Note the difference be ;
tween a regular input pulse anda reset pulse: o regu- i
lar . input signal is positive, and causes a conducting
transistor to cat off; a reset pulse is negative, and o L o

cadses a cut-ot’f transistor to conduct, , ; ~ Figure 2-5, Basic Four Binary Counter -
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2-31, Waveforms shn:winég‘ time relationiships for the

, - icounter are given in Scction VII; remember that a

- ' the plain-lett\.red transistors (A, B, C, and D).

, connected isolatiun resistor. ‘

. ures 7-8, 7-11,

- driven binary. switches only when the input wave is
. goling. positive:

( iocle clippinb remov?s negatlve por-r

tion of input), /) .

2-32!' ELECTRICAL READOUT. A'four-line binary-
cpded-decimal butput i available from each decimal
counter assen'bly. A voltage’ representing the state
of each binary is taken from the collector of each of

A
"binary"9" is represented bya relntively pos!tive vuli-

.age on each line, and,a binary 0" s represented by
a relatively negative voltage on each line. Table 2-1
summarizes the ten allowable combinations which
represent the decimal digits "0 through '"8". To

. protect the binary circuit frus being affected by the

load,; eath output line includes a 100K ohm series-

Four-Line Code Truih Tabin

Ta,ble‘ 2-1,
N . Line Code ne[.,dtive state '
‘Digit. ’ 1 ,posmve stute.
P ‘D c . B A
0. 0 0 o 0
1 K 0. N 0 i
2 N 1 0
3 0 -0 1 1
"4 0 SN I R B
g 0 1 I 1
6 . 1 1 .0 0
g ‘1 1 0 I
.8 1 ] 1 I S L5
9 1 1. |, .t 1

i ) o e

2-33. DIGITAL DISPLAY.

A dibplay matrix, con=
" .iisting of eight neon input l.nnps and 18 photocunductive

~ elements is used to convert the binary- coded-"epre-

sentation to a digital, representation. / The display

_matrix Is shown in the Decimal Counter schemntics,

Figures 7- 9 T- 11 and.7- 14

2- 34 ‘As indicated in the schentitic dingmms, Fl[,-

and 7-14,
meral'in’ the disp!ay ir broug,ht through three series-

J NS connetted photocell cléments. A characteristic'of the
: photoce!i element isthat it is ahi;,h reslstanceelement '

'y i
i '

the circuit to each nu~- .

L S i Sec'ticm I
' L Paragraphs ‘“31t02 35

{several megohms) when dark and a relativ ely low re-
sistance element (less than 7000 ohms) when illumin-

-ated. Thus when the three photocell elements which

constitute a circuit path are illuminated, resistance
drops to about 20,000 ching and sufhcient current can
flow to light the displa.y digit, Nluminating elements
forthe photocells are neon lamys, one of which is zon-
nected in the rcollector circuit of each of the eight
transistors in the ‘counting circuit; the lamp lights
when the transistor conducts, As explalned in Para-
graph 2-30, a four-binary counting circuit has ten
states, ten combinations of conducting and nonconduct-
ing transistors, each combination corresponding to
one digit. - Thus there is a pattern of lighted lamps
for each digit. 'Assigning a binary weight.of 1 when

‘the plain-letter lamp (A, B, C, or D) lights, anda
weight of 0 when the bar lamp (1{

B, C, or D) lights,
‘the lamp pattern for any digit can be determined from
Table 2-1, Figure 7-8 shows the counting circuit with -
transistors D, C, B, A conducting. The lamps as-
sociated with these cireuits illuminate the phutocell
elements ln the circuit to the digii 0 disnlay.

i
v

‘ 2-'*5 The cireuit becluence requiréd to light a lamp

is discussed inthe following paragraphs. The sequence
discussed will have more nieaning ifttis remembered
1} that a much higher voltage is requiredto fire & neon
“imp than to maintatn illumination in the lamp (for the
lamps uzed in the Model 5245L. 70 volts for firing

~and ‘55 volts for maintaining tllumination), .1ntl 2) that

after application of the firing voltage the lamp cannot
fire immediately becuuse of the time, required for
lonizatton, Arrangement of the bipary lamp etrcuit

“used in the Model 5245L is indicated in Figure 2-88,

As will be diccussed later, diodes connected Lictween
the lamps make it possible for the circuit to store )

. previous count even though the binaries are bultching )
" ‘during the next counting: period,"

In decimal counter
assemblies which do pot have this storage feature, .
the display chnnges with each step the binaries take

in setting up- the circuit for a glven di[,it To clnrn‘y

certain aspects of the lamp circuit'seqn: ence, thehmp '
circuit will first be discussed as though there were no .
dindes between the two lamps of a htnar j, this circutt -
is shown in F;gure 2-BA, ¢ .

a; Lamp Cireuit without Dmdeb‘ '

(1) As ihdicated in Figure 2-BA- -1, the lamp .
, absncmted with the conducting lr.msxbtur is

h';RESET 70
ZERO:

} R 2"'7 .. .
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iighted the lnmp associnéd with thc noncon- '
'5 ‘ \ducting transistor is durk Typically, volt- -
ages will be as shcw'
- associated wita the d; 'rks Iamp is not conduct-
' Ing, no current is flgwing fn the'circuit of the
dark lamp, and vol‘mg,e aceross itis established
(a) by the circuit of the conducting lamyp and
its transistor, and {b) by the voltage on the
- collector of the non-conducting transistor.
' This voltage is not high ennugh to fire the dark

Iamp, ,

v
v

. (2) When the hina.ry shown in Figurez -BA chnm,cb L

- state, the voltage onthe collector of trausistor:
- A (now conducting) drops ta -10 volts, whilethe .
" . voltage on the ' collector of nonconducting,

transistor A'rises to +18 Yolts. Withtransis-

.tor A turned off, current through lamp A de- -
creases, and the voltage at the junction of the

Since the transistor .-

L ‘ .- C :Section I
i Paragraphs 2-36to 2 40

,.’"n" ;

two lamps rises. Since lamp A cannot fire until h

ionized, voltage will continue to rise until the
' 70‘-volt firlng level is reached; the junction will
- * reach approximately 73 volts during the foni~
zation period. After the dark lamp lires, the
voltage across ii v.abilizes at about 35 volts, -,
and since the voltage across the dther lampis
now reduced to 38 volts, the other lamp
extinguishes. ‘ !

{(3)' Circuit state after. lamp A hns fired is shr.)wn
in Figure 2-8A-2; it is the mlrrar image nf
that shown in Figu-'e 2- aA-l

i

[ I

b Lamp Circuit with Diodes. The stealy, or

storage, state of the lamp circuit is indicated in .

Fipure 2- BB-I. The diodes are' forwird- biased, !
effectively connecting the lamps inparallel and cl:imp-
fng them to nnproxlmaiely ~1.5 volts. One lamp is
conducting, the other'lamp is dark. Since both lamps
are clamped to ~1.5 volts, regardiess of the state of
the binary, therewill never he sufficient voltage across |,
the dark light to fire it and it will remain dark until
1) the diodes are reverse-biased and 2) there is con-
duction through the transistor in whose colleclor cir-
cuit theriamp is connected

(1) When the gate closes at:the completion of the -

" counting period (see Paragraph 2-95) a -20
volt transfer pulse (see Paragraph 2-99) is
applied to the binary diodes, reversesbiasing
théni. ~ With the diodes:reverse-biased, the

the circuit for each lamp is now completed
* through its associated transistor, -

(2) I the state of .the binary is the a.tme as
o that at the end of the previous counting period,; v
. the lamps '‘see’” the voltages required to.
. maintain them without change.. If, however,

' the digit is such that the binary state is -
changed, ‘the lamps change state. With the

. diodes reverbe-hiased circuit action is the

same as that described in subparagraph'a.
Condition of the circuit during the initial

" period of the transfer pulse when. voltage

across the dark’ lamp is increasing is indi- .
cated in - Figure 2-813-2; circuit condition

i

nfter the lamp h.lh nred is indicated in Fig~ ‘

B ure2 8B-3.

lamps:are disconnected from each other, and -

.
R muliipie period mensuremenls, Figure -2-90,

\

R Disnbling the Storage. When the function selector -
is set to MANUAL or the STORAGE switchon the rear
panei i{s in the off position, the storage’ ieature is
disabied Circuit nction is then described in sub-
paragrapha P . L, Vo

2-36.-
2-31, GENERAL.

a.. The hasic cnunter circuits ure nrrnnged to pra-
vide several functional modes of uperation,: Euch -
arrangement includes a main AND: gate with 1) =

" sigral input and 2) a control input, or. gitting signal.

Foilowing the maingate is a cascaded seriesof decimal:
countzrs which accumulate and display'the total’ num-
ber of pulses which pass through the rnnin gate, The
varfous modes of operation are discussed fn Para-
gnphs 2-36 through 2- 41

1

b Circuit sequence in the various modes of opera-
- tion is similar; pulses pass through the main gate to

- the dectmal counters for a predetermined time, are
- counted and displayed. . The difference between ar-
-rangements is in 1) the source of the pulses counted,
and 2) the source of thegating signal which establishes .
_the length of time during which the main gate is Open
" to pass pulses to the decimal countcrs. )
2-.38, TOTALIZING. ':In’ the mtnlizing mude (see
Figure 2-94), 'the gate flip-flop is controlled by the
FUNCTION switch when it is in'the MANUAL START
or MANUAL STOP positions. The decimal counters

. count the total number of input pulses applied while

.. the main gate is held open with the FUNCTION switch
in the MANUAL START position, Switching the FUNC-
* TION switch to the MANUAL STOP positioncloses the

- main gate and the number of pulses which eame through
the mafn gate while it was open are displayed. .

2:3%, FREQUENCY MEASUREMENT. The circuit
. the maln pate by the counter time base. The gate is
" opened for a controlled time, therefore the ascumu-
lated count represents the number of input cycles or
"pulses during this time;

. multiples, selectable with the front panel TIME BASE
switeh. The dec.mai point is automatically positioned

" and the readout is in kilohertz or-megahertz with the

uniis in line with ihe digital’ displny,,

o 2- 40 PERIOD MEASUREMENT, The nrrang,cment

shown in Figure 2-8C provides the meansf{or meas-
uring the period of the input signal,
+ signal is the time required for the completion of one

" ' cycle;the counter displays the time in seconds, milli-

seconds or, microseconds. - The peribd measurement
is obtained by making the dus ation of the gatingsignal -
. .equal to the period of the input signal, and counting a
train of pilses supplied bythe counter time base, The
‘displayed: count is the number of time-base pulses
whichoccur duringone period of the input signal, For

- input signal is divided bythe selected decade fnctor BO
thilt the- gating s:gnal is the selected multiple of one

b 2.9

usuc coum:a ruucnons. |

Controlled intervals are
from 10 secondsdown to 1 miciosecond. in decude sub- -

The period of a -

t

| arrangement shiown in Figure 2-0B permitscontrolof |

the

i

1
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Paragraphs 2 41 to 2- 46

gyt
0

ATOTALIZING '~ ,

S R o | }
 soty ——) ST oo
S N L e -
S C T START-STOP SKmL
o TRAWUAL SONTROL)
. . :| o e ) . -
. B.FREQUENCY" -
- '. S : Fn[u i ot | — } ‘
S SCRNIFT |-y C1TRL 0EK'S
- | TRIGRER.{ i ‘ :

START=STa# SiGmL

b
' i

Py
5

N 1~
oo o START-STOP SIGNAL
| f"l
i : FREQ S
TIIE. BOA'S:, b= SCHNITT b—on Lol 3| ' OEK'S
SE| T inkeER[ | SMECTTL

", of one cyele (or dec.u!e multiple o[ one cycle) of the

. 2-42. STANDARD FREQUENCY OUTPUTS. Multi-- L
" plier and- B

: ﬁrrnm_.,ement shown in Figatre 2-17, Note that the first

. 2-44. TIM! SEQU!NC!.‘
. ular sequence. TQe pulses which control these oper- -

: (Para[,raph 2-18) which genernte these pulses,

- Model bZ45L

perlod The decim'u point is poaitinned to give the ,  4
'\ readout in’seconds, milliseconds or microseconds for ' b
a single peviod of the inbut sig!'nal

B

2~ 41. RATIO MEASUREMENT " AB’ shown In Figure'
2-9E, the frequency ratio of two inputs can be meas- -
ured hya cireuit prrangement similar tothat used for °
pertod mgasurement One’ input signnl is applied to
the main jate while the. gating signal is made equal to
the periw! (or decade mumple of the period} of the
other signal, The displayed count represents the num-
ber of cyclés of one input which oceur duripg the period

other lnput" f A

decade divider circuits connected to the
~internal 1MHz oscillator prmide output frequencies .
from 10MHz to 0.1 Hz (in lecade steps) using the
arrangement shawn in Figure 2- 10

1 1

2- 43 SCALBR OPERATION 'An input chn be scaled
by a factor frﬁm 10 to 109 (in decads steps) vsing the

two 'divisions hre done by the’ H[,h-bpeed decimal |
counters which in this case Iunctlf;n asdecude divlders 3

2-45. .IGBNERAL Follawing a counter measurement
there are severnl\operntions which oceur in a-partic-

_ations and their time relation to eachother are shown
in Figure 2-1"., The trailing edge of the gating pulse
. (end of count) tripgers the one-shot multivibrators -

e || [0 C :
[ 4 N
?ﬁ'f@'c'g ﬁﬁg P 246, TRANSFER., The trnnsfcr multlvibrntor is
iy ; I o triggered at the end of the wating signal, and it pro- .
- ; : . . J . C | . duces a 35-millisecond pulse. The transfer pulse is
o [ : o) applied to the decimal ounters to transfer the new
i i Ly ‘ -
L 1 M c star 5,[9’ SiEuAL , " "count to the display. ‘1“‘[’ a measurement function
I > L C the count is stored in the storage binaries until the
. ] : ' ‘ —1 Vo] 2 transfer pulse allows the new,count to be displayed.
. P 3 : ' | i .
> i we || e . 3
Tin somiry | CBILL o) pons | |
I mse || | TeiceEn R |
. . o o ‘ :L . : f '
' © 7 |E.RATIO " S . vio ot
T o : . |1 : KUty )
IR 2 g | ' . T Wit |
T — P contt ~ ' T 05t : e ot v
INPUT C o . - ‘ 08 TRIGGER S A5
' ‘ S START-ST0P SISHAL . ‘ — L
h . L }. - . ‘f ' i | ! v l____. 'S Y : oy
L _ ! . _ : ‘ T [lOOge 0 Q.1CPS i
HIGHER | 1 ) /| , \ -
FRES—] AwP SCRMITT ConTROL : f
| WA > N L 13 ey B o \
I f 'I. .' 1 ot . . !
- ™ _ D 4. ' !
A ' L " o g ‘ CoN /
- Figure .2'9'. ‘Basic Counter Functions } Figure 2-10. Standard Fregquercy Qutputs
‘ \ J
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Fo

/

_ The sdmple-mte multivib-
rator is triggered at the leading edge of the 'transfer

'/ pulse; it produces a pulse which may be varied from
- /- 55 milliseconds to 5:seconds with the front panel

. of the sampie rate pulseand lasts until 55 milliseconds °
after the-end of the sample-rate pulse, The holdoff
- pulse disables the gate flir -flop to prevent retrigger- |

n‘/.'

SAMPLE, RATE control., The trailing edge of the

sample rate pulse isdifferentiated tooperate the reset’

amplifier. The reset pulse resets the:decimal coun-
ters and low—[requency decade dividers., _ '

2-48. HOLDOFP The holdoﬂ‘ multivibrator pro- f
duces an output pulse which starts at the leading edge -

" ing untfil the ﬁample rate multivibrator timing capac-

-itorhas comple

recharging. A sync pulse from tlie

- gate control cifwuit (collector of Q1 through C10 or

.

when In TIME INTERVAL from the start line through
CRT and Cl].)l Fives the holdofl‘ pulse a precise length

X R

. [
SAMPLE RATE MV fe-55MS TO 5SE

=

o ;_._1 C! '
GATE'FF | —r i ' f_
o I b i 'H" <) '
I ] i "
1 ! |
!J ‘ f |\ i 'l i '
TRANSFER MV * - 35MS |- i
- .} 3 o
. ; IR S EE TR E )
) W ! VARIABLE !
o c
N
[
'
b
]

]
]
i . }
. HOLDOFF My —_ S |
‘ = I e L
] ] ) ) 1
v o ] o , )
‘RESET SO R :
/ RESET — e :
} ‘e by - '
o o b 1 . )
GATE LIGHT b L !_
| S A b
. : o i : : b
. 1 | ). ’
IS_EC DDA QUTAUT . [k . ¢ ! =
' ‘ HisECl o o

. BOMS

SET COUNTER CONTROLS TO!
. FREQUENCY, 1 SEC GATE, MAX. SAMPLE RATE

'}
' il

'

- Figure 2-12. Time Sequence '

T . . !

/ : o ) o Figuré'2-11. Scaler Operation o

' j2+47. SAMPLE RATE. -

. Flgure 7-2).

" tails,

and prevenss the gate flipf -flop from being triygered
prematurely. During the ﬁllght ‘delay between the end
of the yating pulse and the start of the holdolf pulse, '
the gate flip-flop is disabled by an {nhibit signal from
the transfer multlvibrator..

2‘-49. OVERAI.I. COUI\‘TER OPERATIIDN.

2-50. The entire counter is shown in a logic block -
diagram in Figure 2-13. The front-panel FUNCTION
switch applies a control voltage to selected AND gates
in. the function control assembly {A21) to arrange
circuits for each counter function {see tabulation in
The front-panel TIME BASE switch
arranges the decade dividers (A23-A34) into two
groups using pate circults in the time-base control
assembly (A35); the first group produces decade
division of the «seillator (A26) output, and the second

. group produces decade division of. the counter input .
* during multiplied period measurements.
1. Iof inter-connections between circuit modules (ussem-
blles) refer to the overall diag,ram Figure 7-2.

For details

2-51. INPUT SWITCH ASSEMBLY Al

2- 52 The input switch nssemhly, desipnated SENSI-
TIVITY (VOLTS RMS) on {ront panel, is a [ive-position
switch (CHECK, 10 -1, .1, ond PLUG-IN}., Refer to
the schematic diagmm, Figure 7-3, for circuit de-

Switch functions are listed below. :

n. Provides threeattenuatlnn steps(Xl KIO X100)

- for signal’ applied to the SIGNAL INPUT ..onnector.

“The attenuator output is connected to the input ampli-
fler A19, !

i
b, Connects mltput of plug-in unit to input ampli-
fier A19 wher_l sw[ltched to PLUG IN positiun,

f

c. . Produces g'ate controlsl 2, 3,5, 6 and 27 by
combining swltched -15. volts from A3 (FUNCTION
switch); distinguishes between CHECK and not CHECK
po»ltions.

d ‘Combiﬁes switched -15 voits from A3 to contri-
bute to generation of gate controls 4, 21, 22, 23, 24,

25, 26, 21, 28, and 29; distinguishes between CHECK

and not PHECK positions. Switching for these pgate
controls is finished in A2 (TIME BASE swltch)

2-11
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N i’“‘('\"“ L ;' B 1’* i1, , Section I
5 RSN o _ Syt AR sy LT Pn;agr‘p.phs - 53 to 2-59
e Switches +170 v.rolte ap first 'step in generating , ;“ a Pmches ga.te controls. 7 throu h 13 by switch- _' s
o lamp ' control. voltages (distiuguishes between CHECK ' i ing &5 volts n'om power supply ],;ri S TLI
“ﬁndnot-CliECK poeitions). Further ewitchlng is done - ' ' . . .. o ‘;. vk

by Aa'r ﬁnal swltchlng by A2 B 3].‘, :,'} [ ' o i V";bi pontributes to generatlonut gaTe cnntrolall ru " '

‘;:; u ; ‘M,, ‘_’_) R . v . ‘E,(‘.““--‘”l ﬁmlltnru‘u--. o ) 's"f-(k.‘ , 'L/‘ I'r o
! l;,z-ss" The level control deeignated -LEVEL+ on the, S W i y S ST
front ‘panel ndjusts 'the dc input trigger level from . 1/ [
O, 3 v‘tﬁte de {o +0. lg volis dc.” Refer to schematic. - c. Contributes to generntion; of ecimal point;alnd e
dia ram ‘Figur= 7-3 ‘and. /-4 for circuit detalls measurement units controls from s itched +170Fvn ts
e 2 from'Al (SENSITIVITY switch). - . i »tx ,
“'Thig control allows the trigger level for input signals‘ o K AR I EAE 5i
;to be adjusted abovs.or belaw ground potential, The.; o f’ ' KN ST |
d Froduces start and elop lnput voltages (-lbvolts)

'-izﬁlevel ‘control range is increared to +3 voits dc ‘when

‘ :the input sensltlvity ‘switchis set at, 1 volt'rme, .md, to gale flip-flop in the gate conitrol assembly (pinsi 13

18 increased to +30 volts dc for the 10 volt rms 5et’ing, , ; @and i4 of A23) when_ switched tD M“\NUAL ST‘}RT ol ? ( !
, ;V;The ma.ximum ‘counterclockwise position, (PRESET) S MANLM' STOP A ’ SR , f’ [‘ ‘,r ..
! "cloges a switch ‘Which® automatically sets the trigger ™ ‘. . s R ;-a" SR e ! "' ’
i level at ground pntentlel for all nttenuntor posmans. Cy N Shorts sample-r e trigger pulse to grnundjznt R
N ) A N phxé; of A23 when switvhed to either i ANUA].: "»"I‘ART : ,\

‘ S S Ao o or, MANUAL STOP, " | Thiss nhibits. )peratiun of r L
2. 54 fTIME‘ BASF’ SWI'I‘CH ASSEMBLY A2 .. 'sample rate and holdnff\mu'iuvibrators “thexery hr -” ‘
e YR T : ! "*’ S :ventingtheruset amplifiehr in operitng in \IAN"JAL b
2 55., The time-base switch’ assemhly (deeig‘nated ~ functions.; Tiis ar: Jangeraent n.llowuhe fmu.mulathﬁ ".!. l”.;;
: -TIME BASE on froal panel) is a' 10-position, switt:h"L - /of couits in the DCA's \ovur several, gato‘ opeql"urs N f'l b
} b \

“/(EXT, 10s, 15, . 15, 10ms, 1ms,  1ms, 1008, 145, /1p8). . during, 'MANUAL; operat d,' Réset/lg still possible’ ./l -
Refer to the sche atic diagram, Figure 7-4, for cir- ’s‘ . 'in the MANUAL fup { use’ o,q he|RESET ush[.'
i chlfunctions are listed belnw. SN button rmthe frgnt ehr V BRI /If[ h ( h W;/_ ,"_' ‘ ‘-,
“| .I } | .{‘.~ i _‘; el ,| " ‘J‘ ‘,‘F “ ) :_L__ :',‘..'w."‘ i ‘ ‘ T ,II,' { { t: ' It ,, H..-‘\ F'
'a Produces ga.te controls 4, 21 22 23 24 25 26,1 _' R & opens thetransfpnl.ptt N linebe*fween ﬂ?e sﬁ*og.ﬁ ok i
27, 28 and; 28 hsing swtt ched’-lﬁ VORB trorn Al ’AGE switclion the rear pi .‘l.nd ;he cin a]couhters " S ‘

(seusrrwrrv swlteh).. ) ,-.‘

; U 'STGP. This prevente 'd Pplay smrage ope*atiun. '}- )

J"l . b lj'.'!A

. b. Producee alldeclmalpolntcontrolvoltnges using J! R -? W 't‘-a{l‘---?‘-.i! S i w ' !
switched’ +1%70 volte:!rom A3} (FUNCTION Bwitch) Lo g‘ Opens inhibit-signal nne between thf; DIGITAL *_ f
Decimal. point control voltages are connected to, nppro- cap m:connen connector ‘on tiie ‘rear panel and pin 12
prlate input terminals en dec.mnl point aesegnbly AB,. of A23 when switched to either 'MANUAL: START or 7 : ;', o
N PRI S BTN ", ':_,-MANUAL STOP, |’ This prevents undesired trlggering/ -ﬂ!,’

A .Produces all measurement units x.onlfrol Mlt;ges ‘ of the - holdoff mu_ltivlbrator which. eould inhibit the
uking switched +170 volts from A3, Measurement unit gate flip-ilop "‘,- IERRRE R LY
control . valtages are connected to appruprlate lnput MY bt i e ‘ X
terminzle on mensurement unlts assembly A9 J h. Generates reset pulses by moment.arily supply- o

- Pt ::. Y -, N ;,‘ ‘ Y ,ing »15 volts' while switch is between detent positions..

. This resets, all- counter circuits if function:selection * - .
, 15 changed ‘during a ,measurement . operation.‘ Reset
noutput 'is ‘connected to manual reset input of sa.mpling

'_ centrol assembly (p‘.n 9 of -\23) " _

'
. : ;.. . [
KRR . ; o (TR P

=15 voltswhile switch isbetween detent positions, Tnis

resets, all counter circuits if time-base selecticn is _j
‘changed during a measuremenl operation, 'Reset: out- -
'put 15 -connected to manual reset; lnput of sampling s ,1’ ST e

wo bl J I R

P
. confrol’ assep)bly.(pinjsl'of A23),. ST B R A S RO VoL
v . '; .-;‘-,,>w“ b . h . ) i . L o .I"'. 4

R PN
a .
! Y

e Connects time-base selected IrcqueﬂcyfromA?l o _'2 53 MODE SWITCH ASSEMBLY Ad:. 5'{"., L ';. S
* (function control assemhly) to EXT: eonnector on front ' - ;]
.panel ‘when switch is not in EXT' position. Disconnects |  2- 59 The mode Bwitch aesembly (designated MODE

i selected [requency fram EXT! connector when switch .-, .on, rear panel) Is'a three-position switch (EXT. STD
'i . - B : FREQ 1 MHz, INT STD’ FREQ, SCALER) \Reier to.; i ‘.':

; , FO .i:' .| the echematio diagra.m, Figure 7-6;" for, clrcpﬁt de- ,
. ‘1!;" BT ,,taus."Switch functions are listed belcrw:' : .
i‘f‘ _,_I‘"""’.) o ‘ ;‘:.-‘. s.-i‘ ‘ ".‘ L 4"’ : F ol TR "‘l_ k"_ o
N "." "r [ ! . ot i ' Vo !
_ i : W Cennects external 1- MHz siandard to tri ger- SR
:,2—57 The function switch :assembly (deelgnated 3. g g
'FUNCTION on the front’penel) ts a' 10-po-ition'switch - ;irgu;tﬁ;{qﬁepg;&;ﬂlzﬁ:‘l:: sembly, (AZG) when in EXT !
+/(MANUAL 'STOP; MANUAL: START;, FUEQUENCY; /', SED FI b .P O S
" PERIOD AVERAGE for 1,710, 100, 1K, 10K; and 10UK,, " ", (" A PR SRRV

-} ‘periods; and, RE‘WUI‘E OR "“M‘:‘I L‘NT)., ‘Refer. to the! j ‘ '. i b. onnec;e output oI internal esculator to frigger-'
/" schematic’ dia.grmn e Fxguré '1-5 for cu-cuit det';uls. circuit of oscillator assemblywhen in lN'I' STD FREQ

'Switph Iujnetionsere listed below. o I posltion" u. e f: o AT, e L




. tl s : e i_ : '.:‘., R o L
o Scctlonll’] ST A
-Paragraphs 2—60to2-68 S

i 'l

P{s e c. With AS, connects output of llrst or second doct-‘
S mnl counter(Aw or 'Al7)to. tri[gger-clrcuit o[ oscillo-,
trSr hssembly when in S!..A/.ER position. :

| 1 i 1 ." S S
: A
_ ,‘i‘ L d Provi 13 AC' grcfund through bypass capacltor
Lot F| for signals not' selected as input for trlgger circuit '
;o et osclllaf,.or nssembly, C ;
Tty ;h P i w | o
B ".'!‘ S ’ o ‘:I A ' .Jf ‘..‘:‘

. >i
o \“

g so.‘ OUTPUT SWITCE ASSEMBLY A5,

’
'

N
1o

=' - .-" ‘

l|r‘|
i

2 61.. The output swltch assernbly (designated ouT-
.. """ PUT.on rear panel) includes an amplifier stage and a
./ nine-position switch(.1 Hz thru 10 MHz and 109 thru
Ji0770 10 in decade steps). | Clrcult detalls are shown in the
" schematic diagram, Figure 7.6, ¢ Swltch functlons -

R f‘;,are listed below: DI T R | . ’
I a.,' Provides, stnndard frequency slgnals at OUTPUT
ot connector fzom counter tinle base if MODE switch is

g , ‘nct ' set to SCALER/ 1[phslticm Normally provides all, -
i1, freqiencies from . ] l}z to 10 MHz in decade steps but -

) 4_ .+ frequencies of 100; ‘and below are interrupted when
T counter 18- reset, {m a\mtlnb;lity of frequencies of
‘1 kHz ‘and Jbelow‘ Hepends: on setting of FUNCTION
BW“CI'I : il I".;J I e

!‘ ; I ‘_-“.' Cot

[N e
| ,. S

F . [ Provides BC llng o{ _
,Zto 109 (in decidg /steys) at the OUTPUT .connector - .
L whe MODE, swuch is set'to SCALER and FUNCTION
o switch is set to MANUAL START. . |
» c. Ampllfles selected output for all selectlons (ex-
' Veépt standard’ I;equencles of 1 MHz and 10 MHz and

- gcaler ratio of/10and 100; amplifier ts disabled by+13
volt bias suppli}ed when these outb its are selected)

T - " "I Il b

Wyt T
LYy ;. A
X Voo b .

POWE SUBPLY: RECTIFIER ASSEMBLYAB*& '
Lo ;_ne'o' TULATOR ASSE EMBLY AT.
r‘."“_‘».:"‘_" ‘p‘

o R=630 GENERAL. ' Several supplles are Included in
the 5245L. lThelr characteristics are tabulated in
Table22 | o

i . R ;J

2-62..

Cy V-

S ' Note - ' '
o o In the following discussion complete vefer-

Do ' encedesignations are used to identify compo- '
./ . ."nents,  This is to prevent confusion between
' /' referencedésignations of power~supply com~ .
Ce ponentslocated onthe chassis and components -
«1,.- located on the rectifier assembly. {A6) and.
: regulator assembly (A7). For ‘example, "R1" |
e would - refer.to a component located on the
.« .1 chassis, while "ATR1" would refer to & com-
R ponent - located on, the' ‘régulator assembly.
. Complete ; deslgnat.ons are used when con- -
b fusion might exist between chassis compo-— :
R nente a.nd circult-board components. , o

, either 11.r~ or 230- volt AC poweris connected through |
"an LG filtor (C5A, C5B, L1, L2), fuse F1 and front-, .

" for A15-volt operation, Moving the slide switeh tothe = . °

- series for 230-volt operation. Transformer T1 supL '
[ .'plies power for continuous’ operation of the' crysta.} .
‘pven~heater control circuits; note that turning off the
.- counter does pot turn off the powerto the crystal oven, . '
‘., Fan motor Bl s connected across a shgle prlmary &
-/ winding; T2 functione as an autotransforrner to supply -
" 315-yolts to’ Bl1 when the lnstrnment ls connected for -

lnput slg'nals byfactor of 10 .

* the regulated output to ATQ2 which amplifies and
,Inverts variations in the ‘sample,
' controls driver A7Q1 which in turn controls regulator
g/[' e P Potentiometer ATR5 permits adjustment of the

’ justing ATQ2 blas.

- 2-66. REGULATOR OPERATION;
- be traced as-follows: Suppose the output voltage tends ..

. duction (A7Ql emitter and Q2 base voltage go negatlve),

'~ 2-68.

-. output voltages (x;elatlve to ground) are +170 volts and -

. L3-C6, regulated by Q2, and further filtered by ATC2,

the ATQ2 base to goina positive direction resulting . -

output. voltage to ~15 voltl.

2-67. OTHER REGULATOR COMPONENTS, Break- ',
- down diode ATCR1 ‘provides a 6.8-volt referenceto
the emitter of ATQ2.

"+170 volts and -130 volts.: Each rectifier cireuit pro-

L Model 5248L

RN

Table 2-2. Power Supplies ' o Y

Supply ,'{ Regulated ' Rernhrlts_ .
. “iG'y . 'Yes Serics reg
+13 v . Yes! ' ‘Serleo reg -
+20v, [ 'Yes Series reg,
-130 v: " No -150 v ref to +20 v
\i‘vzov,. ' No V+150vre£to +20v

2-64, pemmv POWER, " As shown In Figuré 7-7 / SN

panel power switch S3B (part of SAMPLE RATE con-
trol) to the primary of power transformer T1 and T2.
Movlug slide switch 54 on the rear panel to the left
exposes "115" and connects the primaries in paralle% .

rlght exposes 230" and connects the primaries i

230-volt operation. Cen R L ey X
2-65.. MINUS 16~ VOLT SUPPLY. The rcgulatmi -15
volt supply consists of a Iull-wave rectifier (AGCR1

through A6CR4) whose output is smoothed by filter \
The A'?R4 A'TR5, A'TRS divider supplles a sample of ’

The 'ATQ2 output

regulated ‘output volt:tge by providing 2 -means.of ad-

OIperatiun; may .
to shift toward -14 volts. This causes the voltage at

in a decrease of conduction and a negative swing in '
A7Q2 collector voltage; driver ATQL increases con- <

regulator Q2 increases conductlon and returns the -

!
!

The ATR1-ATC1 network pro-
vides phase correction for stabilityduring transients, .

-130 VOLT AND +1170. VOLT SUPPLIES. Two :
conventional full-wave rectifiers supply unregulated

Vides a 150-volt output. {filtered by’ C7 and C8), but
the circuits are referenced to +20 volts so the actual .

Pt




i -130 volts. nNote that the 130 volt suppiyis the scurce ‘

\
w
I

.

1

‘9ten
i '.4413—\'01 t su pply (QB, Mqa anu A?Q«i, see schematic
.{'Figure 7-7) is similar to. the -15 volt supply des-

The only cignificant dif- .

. for - ghunt repulator ‘ATCR2 which provides ~56 voltr—-
“to the -15 volt regulator clrcult - o

13. gr "o n.rn 1 30LATOT 'r l:nnnl rn‘r

kA
[ ¥ 1Y

(.ribed in: Paragraph' 2-65,
‘ference i5 that the/negative leg is.grounded while the
posittve leg provldes the, regulated output, The +20

.+ volt'supplyls obtalned by adding a 7volt pource to the .

3‘

i

) Control is s‘upplied either from the TIME BASE switch

+13 voit supply. The, 7 volt regulator consists of Q4

" and 'A7Q5, both' acting as emitter followers. A 7volt

“zener -diode, anda hias adjustment circuit provide the o

! 'i

reference Joltage ,lur this bapplyu :
. ’ . } o . . i [ .
! I R ," . ” i K ST
'2-70. ,DE‘CIMAL POINT ASSEMBLY AB oo

J

- 271 ‘NPUT. » The decimal point” asscmbly ‘holds

tr __‘\"‘ |
: , A

o ' scetionll

Pnragrnphs 2. 60 to 2- 82

the conducting transistor, For cxnmple, if the binary

{5 in the "1” state (Q1 cut off, Q2 conducting), CRY is

“reversed binsed by approximately 30 volts while CR10

. is slightly forward biased, :The nbxt input pulse is

L\nnn nf pondy Mimr tranaiator .

cfare otoercd tothe

thl.s fe{viye au.l:l [T L 34

Q2. Note the inclusion of clipper diodes CRI3 and

CR16 through CR18; they permit only positive pulses
to be deliversd to the input base of each transistor,

. In Al15 only, CR13 also. functions ns the main’ signal

1 eig)ut naon lamps which are located to the left of each . '

di;,ital dl’splay tube on the front panel,
designateu 0 *hrough:‘? from right toleit as seen look-
ing at the front;xmel The decimal point control signal

v consists of +10 volts applied tothedesired lamp input.

T

B 'DIGITAL RECORDER cpnnector.‘ For cireuit details

1

4

_rear panel‘ o

or the lowor_ BEMO’I‘E CONTROL connector on the
; ,:.n‘.‘ U

decimal point control signal from decimal form to
~ binary-coded decimal (BCD) form which is supplied'
T to tl‘e DIGITAL RECQRDER connector on the rear’
pa.nel As an emmple, suppose decimal - pomt 5.8
lighted; a _positive signal passes. the OR pgates and
* limiters ‘to the A, B, and Cioutput lines, thus pro~
vidlng a 0111 . (in the” order DCBA) output to the’

refer to the schematlc diagram, Figure .7-8,
e
2 73 MEASUREMENT UN'ITS ASSEMBLY AB,

2 74, INPUT The measurement units ‘assembly
holds six neon’'lamps which are located on the front

v )

2-73 OUTPUT "A group ot' OR gates converts the

T

panel at the right end of tne counter display. anpsi .
-+ aredesignated MC, KC, SEC, mS, 1S, and *(asterisk). .

- A8 with the decimal polnt assembly, the measurement
“units control signal consists of +170 volis applied to
© the 'dasired lamp’input, Control' is - supplied either -
from'the TIME-BASE switch or the lower. REMOTE
;CONTROL.connector on the rear panel . '

2 75, OU’I'PUT “A group ot OR gntes converts the ‘

' measurement units contrel slgnal from decimal form

* to BCD form, just as is done in the decimal point as-"

.sembly. The digitwhich is printed for each measure-

“yment unit is given in a table along with the schematic

diagrdm, Figure 7-8,

o urement units symbol can be printed directly. !

)

'2-76, 800 kiz DECIMAL COUNTER R

2 77 The declmal counte.t is ahown mblock dmbram

*form in Figure 2-14A, . The input’circuit ‘to binary A
“includes steering diodes CR9 through CR12, 'These

" diodes | gnte the input pulso so that it is npplied orly to:

/ .
n

Print wheels are available for
Hewlett-Packard recorders sothat the correct meas-

- ASSEMELIES AI"‘-A15 S "! '

b

. : 1
Lamps are” - | Electrical’ rendout :

gate, Operaticn of the basic clreuits is discussed in

the paragraphs listed in Table 2-3, Circuit detials

nro biven in the schemntic diobram Fil,ure 7-8,

n Tablez 3 Basic Operntion Summnry or '
: © .Four-Binary 'Counter '

Lo Area “:Paragraph Refercnee

- Binary circuit and ‘ 2-20 Ihroubh 2-20
. counting logie - .
: Rpsetting, R 2 .30 ,
- 2-33 through 2-35
- 2-70
2-8

" Digitsi display ' -
. Pecimal point .~ ' ¢

~

Clipper diodes' "

2 78 5 MHz. DEC!MAL COJNTER ASSEMBLY Alﬁ
219, The5MHz decimal counter operatcs fn 2 man-

2.32 "I‘ ;..',t.l '

ner similar; to the low frequency counter deseribed in |

Paragraph, 2-76. "The circuits have been modified by
the use of: 8} high frequency transistors, b) reduced
ime constnnts inthe !nterstage coupling network' and
¢) steering diodes.’ The input circuit to binary A in-
cludes steering diodes CRY,. CRI0, CR20, and CR21,

- ..onlytothe cenducting transistor. For example, If the

!

- gate For example, the [irst input pulse is passed by |

" These'diodes gate the input pulse g0 that it is applied

2

' binary is In the "1 state (Q1 cut bff, Q2 conducting), '

CRO is reversed blased by approxtmately 30 wvolts

while CR10 is slightly forward biased. The next input

pulse is therelore steered tothe base of the conducting -
' transistor Q2. (See Figure T-11, ) :

N

2- 30 50 MHz DECIMAL COUNTER ASSEMBLY A17 '

2- Bl.

GENERAL The 50 MHz decimnl counter as-

.~ sembly ls shown in Fig:xrc 2-16." Operation of basic -
' t.ircuits i1sdiscussed inthe P.mtgraphs listed inTable

2-3..
gnm, Figure 7-—13

2-82. GATED INPUT. Five AND gates route the in-
_put signal tothe proper transistor base for ench count:
. .‘feedback is not used. Each of these gates is labeled

to indicate the results of an input pulse.passed by that

- gate A (diode gate A is forward biased by the negative

‘collector voltage of tranststor A) This negative pulse

" turns off transistor A which turns on transistor A,

In the same way g,ate A passes thé second pulse turn-

. . ing on transistor A. On counts 2, 4, 6, B, and 0 (1)
‘the input pulse passed by fate A is ampli[.ed and' ap~
-plied to the inputs.of gates B, B, and C. Gate'B con-

ducts when both an input pulse is present and transistor

' B is pot’ conducting. (this occurs oh counts 2 and 8). .
Gate B conducts when both an input pulse is present -

‘:md transistors B and

C are both turned off (this

i B ' . S . .
i ! . '

2-15

* Circuit details are gwen in the bchem.ltic dia-

£ -



Section II

 Figure 2-14 +,

Model 5245L

i

DISPLAY CIRCUITS i
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77 Iz . 77 /77

B. DECADE DIVIDER -

i

2-16

Figure 2-14. Decimal Counter and Decade Divider Block Diagram




© . Model 5245L

. Section I - -

Figure 2-15 .

OECIMAL

| COUNT

COUNTER' STATE
([l conoucTion)

" 4-LINE CODE

¥

‘ci

B

A

0

ol

WEIGHTING . - | D

0

o

O -

0

Figure 2-15, 5dMHz Counting Sequence

2-17 -




Sec‘ion II.- | . ‘f‘
P'lr.xbraphs 2 33 to 2~ 90 : ; :

! !

occurs on countr-'. 6 and 0). Gate C conduets' when an

input pulse ts present and tr.msistors B and C are

hoth turned off (count 4), _ l‘

1

2-83. OUTPUT. « 'The cominon emitter mﬁpli[ier in-

verts the output and provides the voltage galn nee-

'éss_nry to drive the 5 MHz counter assembly. '

2-84, 50 MHZ READOUT ASSEMBLY AlB

2- 85 GENERAL, The 50 MHz readoulassembly (AIB) ‘

receives the binary-coded decimni outpat from the
50 MHz decimal counter Al7; it provides both front-
panel digital -display and ampliried binary-coded-
,decimal signals, Circuit details are, shown in the
-schematic diagram, Fip;ure T-14, ‘

12-86. AMPLIFIERS. Transistors Ql throul,h QB nre
arranged in four pairs (nmpli[iers A/ B, D, and C).
Each amplifier pair controls a pair ol‘ neon lamps in

the display matrix (for detniled discussion of digital

displ'v.,r see Pnrabraphs 2-33 throul,h 2 35.,

2-87. 'AMPLIFIER OPERATION. As an sxample of

ampliﬁer operation, suppose that the A input became

“relatively negative, cquivalent to binary "'0", conduc-
tion threuph Q1 would decrease, resulting in a rela-

tively nepative voltage at the Q1 emitter and a rela- .

tively positive voltage at the QI collector, thus per-

‘mitting the A neon lamp to light; the output of Q1,

coupled to Q2 by way of emitter resistor R22 and

voltage divider R20-R21, results in conduction of Q2,

- positive A output,

‘the A output,
* a relatively positive input {binary "1} and results in

Model 5245L

+

the Q2 collector voltage therefore becomes relallvély

nepative, reprcsentlng binary 0", and is supplied as

- Operation is reversed upon receipt of

lighting of the A neon lamp and supplying a relatively
representing binary "1". The B
amplifier (Q3-Q4), the D amplifier {Q5-Q6), und the
C amplifier (Q7-QB) operate in i similsr manner.

-
1

‘2 BB INPUT AMPLIFIER‘ASSEMBLY A19-A20.

2-89. Diodes CR2, CR6, CR4, and CR’ir together with
current source reslstors R25 and R26 provides two
low voltage sources that functiontogeti er withlimiling
diodes CR1and CR3 to provide protection while main-
taining 1 megohm ‘input resistance up to 2,8 volts
peak ta-peak (same voltage as the 4cn diodes), Since
the input resistance of the limiting diodes in parallel

with the temperature matched field effect transistor

(FET) pair is much greater than 1 megohm, the input
resistance is determ‘ined by the resibtors in the

. attenuator Ai

2-980, The, LEVEL control supplies a volta[.,e to the

second input without a gain change, Transistors Q2A

and Q3 are a standard feedback palr used in differ-
ential operation with feedback pair Q2B and Qi. The

~'feedback provides small loading onthe source follow-
. ers, wide bandwidth, and stable gain. The second
differential pair provides gain with temperature sta-

bility and is a current source to' drive the twisted pair

. i A 50MHz READOUT

DISPLAY CIRCUITS

1

‘-

, . . ‘ ! \ . . ! o
o ‘ RN

[]
|
1
]

NS

ANPLIFIER
¢ U.-

AA
LA Al

. e B , T L ShHr
; B " COUNTER

A

' B.50MHz_DECIMAL COUNTER

. " Figure 2-16.
2-18 ,

50 MHz‘ Readout and SOIMHz Counter Block Diagram




Model 5245L . o

cable leading to the trigger on the function. ctmtrof :

assembly AZ1. The loaded twisted cable optimizes

' voltage gain, minimizes capacity effects, and isolates
.signal ground current,
detatls. ' o

See Figure 7-17 for circuit
2-9], FUNCTION CONTROL ASSEMBLY: A21. .

2-62, GENERAL, The function control assembly,
Figure 2-17, switches the counter logic circults to

© perform the various counting functions. The signal

which is counted by the decimal counting assemblies
is switched tothe high frequency trigger by one of the

’ input gates; 1, 2, 4, or 6. The resuiting pulses are

t

il

Igatec_i by the main gate and thendrive the 50 MHz DCA,
- AlT. The signal to control the main gate is svntched

. to the period trigger by input gates 3 or 5. The re-
. sulting pulses elther drivethe gate control nssemb‘y,

' 2 03. SIGNAL FLOW,

v pulse ‘amplifier Q13 to the gated signal output, .

decade divider assemblies and then drive thL gate

) control through gnte 13.

.The following oulline gives
signal flow fcr each measurement’ function. In each

: - case the coutrol signal to the mam gate is on during
counting _ o

a. MANUAL The Input signal from Al9 pdsses‘ L

.through gate 2, amplifier Q1, high frequency trigger
Q3- Q‘}, pulse ampliﬁer Q9, main gote Q10-Q11, and

. A22 directly through gate 12 or are divided by the -

b, MANUAL CHECK, Same as MANUAL except

gate 2 is off and gate 1 is on 50 thatf the selected fre~

_\|‘/.J‘ ‘
i .

. h. MULTI-PERIOD CHECK,
- PERIOD except 'that gate 5 i5 off and gate 3 is on so0
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) Pnrngraphs 2-91 to 2~ 93

: lc\.lency from decade dividers passes through to gateu

s 'gnal output.

Ivl UAL. Selected [requency passes through gate 3,

_ ,‘ e L‘ tter [ollower Q2, period trigger Q5-Q6, and gate
v 1‘ lto the gate triggering output.

fd FREQUENCY CHECK Same as for FREQUENCY
except gate 2 is off and gate 6 is on so that a 10 MHz

";’ ‘ mgnal passes to gated signal output

! !'e. PERIOD. Selected frequency from the time base
" ontrol assembly A35 passes through gate 1, Q1, trig~"

Fer Q3-Q4,, Q9, main gate Q10-Ql1, and Q13 to the
14

f. PERIOD CHECK. ‘Same as PERIOD except that

s gate 5 i5 off «nd gate 3 is on so that the selected fre-

' quency (always 100 kHz for PERIOD CHECK) {rom the
" time base control assembiy A35 passes to the gate
triggerlng output, . - ) :

g. MULTI-PERIOD. Same as PERIOD except that

' gate 12 is off and gate 13 is on. The output of the

« period tripger Q5-Q6 i5 divided by the chainof decade
dividers. The output of the proper divider drives the
multi-period trigger Q7-QB, and passes, through gate
+ 13 to the gate triggering output '

Same as MULTI-

e ¥ . . . f !
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Figure ‘2‘-17.4 Function Control Block Diagram .

2-19 -

i \r. FREQUENCY I.nput signnl path same .as for -

I

ated signaloutput The Input signal from Q19 passes
‘[through gate 5, Q8, period tripger Q10-Q11, and gate :
12 to the gate triggering outputs :
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Par:lgraphs 2-94 to 2- 97 N L o

thnt the selected frequency {always 100 kHz) from the

.. 'timebase control assembly A35 becomes the driving’

signal for the second group of decade dividers.
, ¢ ' W . o

:2-94, ' CIRCUIT DETAILS, . Refer to the schematic
rdiagram, Figure 7-18, for circuit details, The basic
. AND gate description giben in Paragraph 2-6 applies
to the gate circuits, but note that gates 1 through 6
) consist of two diodes.' The gates are turned on (sig-

! - nal passes) when -15 volis is npplied to the control
input to forward-bias the diodes; the gates areturned
off (signal blocked) when the -15 volts is removed so

. that thé fixed bijas supply (from +13 volts) reverse-
' biases the diodes, The: main pate, Q10-Q11, is cpen
- when the gating signal ampliﬁor Al2 is off, allowing
the IImlses from amglifie. «9 to switch the current

“flowing thmu;,h Q10 to Q11 and to the output pulse

amplifier Q13. The main gate is clused when Q12 is

conducting which turns off transiators Q10 and Q11.

Thus the pulses [rom Q9 are not allowed to drive the '
R output pulse ampli[ier QIJ

2-95'. 'GATE CONTROL ASSEMBLY A2b, | K

‘ é#QG. GENERAL. The main functionof the mate con~ -+

trol assembly is'to generate the gating signal (which
.. ', controls the main gate in A21).hnd the sampling trig- |
v ger (which starts the saumple-rate multivibrator in’

- A23).’ Reler tothe block dingram, Figurez 18, during'
S the fnllowing discussion ‘

oo . I '.

of the holdeff pulse is amplified by Q1 und steering
amplifier Q2 and operates the ga'e fHip-flop to its on
state. The next pate tripgeringpulse turns the gate
. flip~flop off through Q1 and Q3. i {In MANUAL opera-

tion.-15 volts is applied as a start or stop signal thru -

CR1 or CR2 to turn the gate flip~flop on or off.) The
gate Ilip-flop nutput (positive pulse}is amplified with-

" out inversion oy split-load nmplifier QTand passed on
to A21 as the gating pulse, The trailing edge of the
tnverted output from Q7 trigrers the transfer ane-shot
_multivibrator (Q8-Q9)which producesaSO ~miliisecond

. 'output pulse; the negative pulse output is supplied di-
- rectly from’ tlie. multivibrator as the print command
‘- pulse (negmtive transition tells digital recorder to
accept BCD information from. caunter), the positive
pulse output from the multivibrator is 1) tmmediately
fed back to the gate flip-flop 25 a hold-ofl signal thru
Q6 to prevent retripgering of the gate flip~flop until
“the regular hoidof!l signal from A23 is ;,encr.\ted about
kit microsecond later, b)delivered to A23 for amplifi-

¢ cation as the transfer pulse, and ¢) amplified and in-
verted by Q10. The Q10 output is delivered to A23
as the sampling trigger pulse. (In MANUAL operation

. the sampling trigger output s shorted to ground by
- the FUNCTION switch). The negative pulse outputs

. i ot ! ==
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2-97. SIGNAL FLOW. The gate [lip-flop (Q4-Q5} is

normally held in its off stote (in this state, it holds -
the main gte closed, preventing counting) by the hold- -
-+ off signal (rom A23 which is applied through Q6, The
" Hirst gate triggering pulse which oceurs after the end
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_ ol‘ both the gate flip-flop and amphrier QIO nre com-
_ hlned then amplified by All to drive the [ront-pnnel
GATE lamp; the GATE lamp is therefore on during ..
the gating signal’ ‘plus 30 milliseconds; this ensures
a vistble flash trom the lamp even for very s‘mrt Lates. -

2-98. CIRCUIT DETAILS, Re[er to the schematic
diagraim, Figure 7-19, for circuit details. All cir-

cuits are conventmnnl flip-flop operation isdescribed.

in Paragraphs 2-15 andz 16, and one-shot multi-
descrlbed in Paragraphs 2-18
thru 2-22. The steering amplifiers (Q2 and Q3) are

common-b:}se‘amp!inefs;-one amplifier (whose col- .
- lector is connected . to the collector'of the conducting

flip-flop transistor) cannot operate because of low

_collector voltage; the other amplifier {(whose collec-

tor is connected to the collector of the cut-nif flip-flop
transistor) amplifies. the gate triggering pulse and
supplies it to the receptive flip-flop transistor.

, 2-89.. SAMPLING CONTROL ASSEMBLY A23.
'2-100, GENERAL,

*'During normal operation, t he
sampling controlnssembly recelvesthe positivetrans-

fer pulse and the sampling trigger pulse from A22;-

‘its outputs are a) the amplified and inverted trnnst‘er

pulse, b) reset pulses for the decimal coutiters and

decade dividers, and c¢) the holdoff signal which pre-
vents retrigpgering ot the gate flip-flop in A22, Refer
to the black diagram, Figure 2- 19 durmg the fol-
lowing expl:umtion

Fl}gt_u"e 2-, 19, Sn:ﬁ_pling Control Bllbcﬁ Diagram '~

2-102.

‘

! ' A '

2-101, TRANSFER PULSE, The positive trunsfer
pulse is’ nmpllfied without inversion by Q1, then amp~
liffed and inverted by Q2. During manual reset (RE-

" SET pushbutton pressed or FUNCTION or TIME-BASE -

switches operated) -15 volts is amplified and ipverted

'by Q1, then amplified and inverted by Q2 to produce

a manunlly generated equivalent of the transfer pulse,
Action’ of onther circuits resets nll decimal counters.
to zerobefore the reset contacts open; then the voltage .
on the transfer pulse line transfers the zero connt to
the' Iront -panel numerical display.

RESET. The negative transitioncf the samp-
ling trigger pulse from A22 normally triggers the

" sample-rate one-shot multivibrator and starts opera- -
‘tion of all s.lmple -rate control circuits,’ Multivibrator

feedback is through gquick-rccovery amplifier Q1,’
capacitor C4, and emitter follower Q5, ' The sample- .
rate output pulse duration  ; controlled bythe SAMPLE
RATE potentiometer andis variable bétween 55 milli-
seconds and 5 seconds. :When the SAMPLE-RATE

" control is operated to the HOLD position (completely

clockwise), the multivibrator provides a continuous
output. An amplified output is taken from Q7, differ-
entiated (leading edge is selected), amleied by Q8,

. and supplied asthe DCAreset palse and the DDA reset
, pulse. 'If manual resetoccurs during the sample-rate’
' multivibrator cycle, the multivibrator is quickly re-
. turned toits quiescent state as a result of the -15volt

input throug,h CR3.

©2.21
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paragraphs 2-103 to 2-116 !
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2- 103 HOLDOFF A secohd. output from the sample-
rate multivibrator, is amplified by Q10 to drive the
holdctf one-shot multivibrator (Q11-Q12). ‘The holdolf
smultivibrator output\wnsists of .n positive pulse which
normally begins abodt' 1 microsecond after the end of
the gating signal and- epds 55 milliseconds after the
"end of the sample-rate pulse. A holdofif pulse is also
‘gencrated as a result of manual reset {(-15volts [rom
mnnual reset line through CR6 and Q8 to Q11-Q12)s0

that counting c.mnot start until after reset switrhim,'-

translents havc ended ‘
2104, CIRCUIT DETAILS. Refer to the schematic
diagram, Figere 7-20, for circuit details.

tion of the
is cut off by 2 positive inhibit signal (whichelfectively
Qisconnects the Q4 collector). At the endof the multi-
vibrator cycle, recovery amplifier Q7 conducts heavily

to Jdischarge C4 rapidly i preparation for the next
cycle. Referto Paragraphs 2-19, thru 2-22 for a baslc.

.one- shot multivibrator discussion.

2 105' mCILLATORANDO‘JEN A24, A25 AZG

2 106, GENERAL Crystnl oven nssemblyA24 oven

-control assembly A25, and the first portion of oscil- .

lator assembly A26 provide anextremely stable 1 MHz

signal. The second portion of A26 amplifies and shapes ~ '

either the internally benerated 1MHz, an externally

,supplied 1MHz, or, for scaler operntlon, the output

‘of the decimal counter A17 or A16. Refer to the sche-

matic dlngrnm, Figure 'l 21, during the [ollowlng

explanation. ‘ . _
Oy

1
L ¥

2= 10'? CRYSTAL OVEN ASSEMBLYA24 The crys-
tal ‘oven nssembly is a thermally insulated chamber
which contains a heating. element a temperature
sensing clrcuit andal MHz piezo-electric crystnl

4y
1y

2-108. OV'EN CONTROL ASSEMBLY A25 The oven

control assembly includes oscillator A25Ql which pro- ’

duces a3kHz output whose nmplitude is controlled by
the temperature-sensing element in the over. The

oscillator ‘output i5 amplified by A25Q2, detectedto

produce a DClevel whose amplitude is inversely pro-
portional to oven temperature, The DC level is amp-
lified and applied to'the heating element in the oven.
“The-oven—control-assembly doniains its own -power
supply which operates continuously whenever power
is con.nected to the counter.

'2-109, ﬁoscmL'A'ron ASSEMBLY A26. The oscilla- -

tor assembly includes the Q1 oscillator circuit which
is connectedtothe I MHz crystal inA24, The 1 MHz
oscillator output is amplif
A26Q4. A portion of the A26Q4 output is detected and

applied to A26Q1 as AGC so'that power dissipation in

the crystal can be held at a constant low value.” An-
‘other portion of the A26Q4 output is supplied to the
rear panel MODE switch where it usually is switched
through to amplifier A26Q5and trigger A26Q6-A26QT.

+Outputs of 1 MHz are takenfromboth A26Q5and AZGQB- _

A26Q1. o
2-22 , .

{ed by A26Q2, A26Q3, and’

Inhibit
‘amplifierQ3:s in series with the Q4 collector inhibi- .
sample-rate multivibrator occurs whenQB L

' 2-110. CIRCUIT DETAILS.

Yo 1,‘ RN

‘QJ

* for efficient fifth-harmonic genération.

~junction,

! i
! : i

. Model 5245L

Refer to the schematic
dlngram, F!gure 7-21, for circuit detnils. The osecil-

' lator A25Q1 is controlled by the Wien bridge in A24,

Positive’ feedback from the A25Q2 emitter through
A24R1-A24C6 to the A25Q1 emitter maintains oscil-
lation at the frequency of maximum feedback, which
ocecurs at that frequency .for which the A24R1-A24C6

-phase shift equals the A24R2-A23C7 phase shift (about

3kHz). Degenerative feedback is provided from the .

' A25Q2 emitter and the A24RT1-A24R3- AZ24R4 divider
~to the’ A25Q1 bnse' an increase in oven temperature

lIowers the resistance of RTI, thus increasing degen-

erative feedback .md lowering oscillator cutput; like- -
© .wise,’ a temperature decrease results in decreased
' degenerative feedback to praduce, increased oseillator -

output. The detector is n voltage’ doubler circuit;-’
‘A25C2 charges fully through the negative haif cycle,
and -then dischnrges through A25CR2 in series with
the driving .source during the positive half cycle.

" . Capacitor- A25C4 between the collector and base of

A25Q4 dampens sudden DC voltage swings and filters
any AC component from' the detected signal. The
A26Q1 oscillator is a modified Picrce oscillator; its
base is maintained at a DC level from the A2CR1-

. A26R2 junction; AGC currert is supplied to its en:it-
‘ter from the A26CR1-A26CR2 detector (volinge

doubler) which is referenced to the A26R1-AZ6R2

'
r

2-111, MULTIPLIER ASSEMBLY A27

_ 2-112,, The I to 10 MHz multiplier .lssembly consists

ol X2 multlpller ‘@1, X5 multiplier Q2 and amplifier
Circuit details are shown in the schematic din-'

gram, Figure 7-22." Divider R4-R5 and emitter

resistor R6 provide optimum DC bias toQ1 for effic- .

ient l"requency doubling; ltkewise, divider RB-R9and "
amitter resistor R10 provide optimum DC bias to Q2
The inter~
stage coupling transformers(L1-L2, L3-L4, and L5- "
L6) include capacitive dividers in their secondary
circuits (C8- C9, C13-C14, =znd C19- C20) for inter-

' stage lmpedance matching.

{

2 113 5-MHZ DECADE-DIV'IDER AoSEMBLY A”B

2-114, The 5 MHz decade divider assembly reduces

the frequency of its input by a factor of ten {normally
1MHz to 100kHz). Basic operation is identical to that
described for the 5 MHz de¢imal counter (Paragraphs
2-76 through 2-79), except that there is no displayed
count.. Refer to the schematic diag.ram, Figure 7-23

for circuit details

C oy

2-115. LOW-FREQUENCY DECADE DIVIDER e

ASSEMBLY A29 A4,

2-116. A block diagram of a typical decade tlwlder
is shown in Figure 2-14B. A decade divider is an
arrangement of four, cascaded binaries ([lip-—llop) 50

r

Operation of the:trigger circuit (A26Q6- . -
1 A26Q7) is discussed in detail in Paragraph 2-18,

“that [for every ten input pulses there 15 one output ‘

o




. tenthpulses are received the desired final output pulse”

‘pulse,

" 2i118,
: ._control isto a) lower the cutput impedance of the 10
'MHz signal from multiplier A27; b} select a fredquency

Model 5245L v 0 o

t

the input of the decade divider, the first binarydivides

" it by two (since the first pulse switches the binary to
. . the opposite state and ‘a ‘'second pulse is required to .
“return it to its original state) ‘and ugain by two in the
‘second binary {making 1 total division by four) and

50 on, with an expected total division of sixteen at the
output of the fourth binary The desired division by
ten is obtained bya feed-ahead pulse to the fourth bi-

. -nary .and ‘feedback pulses to the second and third bi-
‘naries,
received the binaries will be in a state as if they had -

Therefore, after the eighth input pulse is
counted fourteen pulges. Then, when Lie ninth and

is produced. ' Operation is similar to that described

for the decimal countersdiscussed in Paragraphs 2-76 .

and 2-77 except that there is no display array con-
netted to the binaries. Note that'A31 throughA34 are

' supplied with a reset input sothat ‘onlya certain num-
. berof input pulsestothe decade dividersare necessary
‘after reset before an output is produced, Refer tothe

Bchemntic diagram Figure 7- 24 for circuit details.

2- 117 TIME BASE CONTROL ASSEMBLY A35
GENERAL.,

‘The purpoee ‘of the time-base

between 0.1 Hz and 10 MHz as controlled by the TIME
BASE switch, and ¢) provide 2 multiplied pertiod stg-

ol when the FUNCTION switch selection is hetween

10 and 100K PERIOD AVERAGE, Inhibit gates 7 thru

. 11 (CR8, CR11, CR14, CR17, and CR20) are normally

open; a control voltuge to turn one of these gates off

* . is applied only for multiplied period measurement.
-+ Multi-period gates 7 thru 11 {CR9, CR12, CR15, CR18,
and CR21) are normally closed; one onlyls opened lor_ :
'.multiplied period measurements. Selected frequency .
gates 21 thru 28 are controlled by the TIME BASE |
-switch. ,

2-119, SELECTED FREQUENCYCONTROL For all

'

operating functions except PERIOD AVERAGE CHECK,

gates 21 thru29 are onfor the TIME BASE selections’

listed in Table 2-4. For emmple, if the TIME BASE

“switch is set to'l ms, the control voltage is applied to

gate 25, turning it on and permittmg the 1 kHz signal

from A30 to be amplified by Q11 and Q12; the ampli~ .
- fied 1 kHz is supplied as the selected frequencytoA2l,

Table 2-4. Normnl Time Base Control
Gate Control On Time Base Switch

21 . 10s
| 22 : 1s
23 P . ols
24 10 ms .
25 1ms’
26 = 0."'ms °

) 27 10 ME
28 1pus _
29 , 0.1 us

H

Conseltjuently, when o frequenc:',r'ls applied to' -

. 2-121,

; ) : Section IT .

. Paragrnphs 2 117 to 2-122
(For PERIOD AVERAGE CHECK, gate 27 s 0n, re-~
gardless of TIME BASE selection,and 100kHz is sup-

- plled as the selected frequency ) o

2-120, - MULTIPLIED PERIOD CONTROL Control

voltages for' gates 7 through 11 are supplied only for .

multiplied period measurements, as listed in Table
2-5.. These control voltages select one to give steps

- of decade division for the period signal supplied by -
T A21.
10-PERIOD AVERAGE; gate control 11 is on, turning’

Example 1; The FUNCTION switch is set to

off inhibit' gate 11 (o prevent further diviston of the

. signal from A28)and turning on multi-period gate 11;
the amplified period signal from Q1 is passed thru-

CR21, divided by ten in A34, and supplied thru Q10

as' the multiplied period sil,rul

, Example 2: The
FUNCTION switch is set to lK»PERIOD AVERAGE;
gate control 9 is on, turning off inhibit gate 9 and
turning on multi-period gate 9; the amplified period
signal from QL is passed throubh CRI15, divided by
ten in A32, passed by CR17, divided in A33 passed
by CR20, ‘dl\nded in A34, and supplied throu;,h Q10
as the mulﬁiplzed period signal

_ Table 2-5, Multiplied Period Coritrol

Gate Control On - . Function Switch
1 .| . 100k PERIOD AVE
8 10K PERIOD AVE
9 . 1K PERIOD AVE
100, | 100 PERIOD AVE
11 10 pemoi) AVE

A

overlapping: decade-divider requirements. For ex-
ample, a TIME BASE selection of (.15 and a FUNC-

. TION selection of 10K-PERIOD AVERAGE turns on
- gate control 23 and gate control 8; the expected selected
~ frequency ol 10 Hz is not supplied through CR16-Q7 '
- -since the frequency-dividing chain is blockedat CR11;

the counter display is therefore meaningless,” An
alarm for unallowed switch combinations of this'sort

"is given by the lighting of an asterisk (*) at the right
- end of the front panel dlsplay.‘ The asterisk is also

used to- indlcate two other ncn-useful control combin-
ations: 1) TIME BASE of 0.} usand frequency FUNC-

- TION,. and 2) TIME BASE ¢f 10 SEC and PERIOD '
.functlon.
switching contacts on both t/he TIME BASE. .md FUNC»

The asterisk lamp (in AD) is controlled by
TION sw.tches

2-122, CIRCUITS Refer to the srhematic dugram,

- Flgure 7-25, fu. circhlt details, Most of the gutes in °

AlS are of the type described in Paragraph 2-6, but

gates 28 and 29 are two-diode AND gates, described ‘

in Paragraph 2-94, 'The inhibit gates (CR8, CR11,
CR14, CR17, and CR20) are stmilar to com:entton.;l
AND gates except that they are always on (forward-
biased diode) in the absence of the control voltage and -

~off (reveree-biased diode)when the control voltnge is
-_'applied ‘ L ‘ .~,.' :

] . ;o , i i T .

. GATING CONFLICT. - A few combinations of
TIME BASE and FUNCTION switch selections produce
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3 1,7 GENERAL - The' In-Cnbinet Periormance
Checks, Table 3-2, ‘and Performance Check Test
Card’ {io be filled out during incoming inspection),
pagesS 1lathru3-11d, verify specifications and pro-
. vide permanent record of the performance of each
", instrument, = The In-Cabinet Performance Check,
o Table 3-2 and the Self-Check Procedure, Figure 6-1,
“o " yerHly proper operation of all circu'ts: in the Model
o D245L Eiectronic Counter and may L= used: -

a. ‘as part oi an incoming inepection check of in-
strument speciiications, . .

v, periodically, for instruments used in systems

" SECTION mo
penrommc: cnscx

Co s - ~Section I
' .. . - Paragraphs 3-1to 3-2.

‘¢, as p:u't oi a troubleahooting procedure to locnte
‘ malfunctioning circuits, .nnd o

") o
d after any repairs' or ndjustmrnts, before return--
ing instrument to regular service, '

I

3-2, - VARIABLE LINE VOLTAGE, ' During the Per-
formance Checls, Table 3-2, the Model 5245L should

' be connected tu power scurce through a variable volt-
' age device so that line vonltage may be varied + 109

from nominal (115 or 230 Var) to assure proper op- .

'f 5 where ma:.imurn reliability is of utmost lmportance, erationof the Counter undervnribus supply conclitions. .
'H_.,F - IV PR ‘
D , P R P Table 3-1._ Recoinmended Test'Equipment o _
L e : Reqyaired 1 ' o 'Y Instrument
ST __;_I','St’;"’.’??nt Type Characteristics ' Use Recommended .
4 “'| Osellloscope ;. | 50 MHz bandwidth, dual  Observe waveforms during ~| HP Model 175A
SUTRIRREA IRV trace plug-in, ext troubleshooting and adjust- .’ Oscilloscope
Ve E / R sync cnpability. R mert, - Performance Check. | HP Model 17508
o e [ ) to : S S Dual Trace Vertical
S B AN . L Amplifier
! R AR o v ' ' N ‘| HP AC-2IC Voltnge ‘
"J . I-;- ~‘| . ‘ : ,\ S ! DiVider Proche (twa)
A e . = Y, " .| HP 10003A'10:1 Protie
S Test Oseillator * Continuously variable from | Performance Check’ .| 'HP Model 204B
R . /e .1 10,Hz to 50 MHz, 100 mV Co . Lo Oscillator :
L e DR output. ; N T 41| HP Model 608A Test
PRI I L R : . f \ e Oscillator ,
S "Low Frequency : Continuously variable from Periormance Check ' HP Model 202A Low
U Generator .| 2 Hz to 10 Hz,: .100 mV . a . Frequency Functmn
ERENRRIE : o DUtPUt : ,-“ 4 ,! ‘ | SR gy Generator
© | Pulse Generator 1 isec wide; 1 v negatlve, Performance Cleck HP Model 212A Pulse
o B "1 kHz repetition rate. - ,I" i A 'Generator |
R 4'I' Primary Standard | ‘100 kHz or 1 MHz sine .4 |.Check accuracy of! Counter | HP Model 107BR
AT Oscillator wave, accuracy of { £5 time base ' i
' x 10-1 9 per 24 hours. .. " | Periormance Check
O ! ! R ' M I o oo . !
"Variable line volt- | Varlable from 103 to 127 | Performance Check
! age source with Vac (207 to 253 Vac) 10 v .
‘meter ’ ‘ : v ‘ o [ o
| ,DC Voltmeter . - oy totl'lDV 10 megohm - | Troubleshooting and . ° HP Model 4124 © . 0|
‘ R The U ‘. input impednnce, 1% “adjustments : .
o AR C acturacy.‘. r fj . R ' .
. I8 ) . o . ".' 1 . ‘ : . .
S0 | . Power Amplifier | DG to 10 MHz ) 40 dB-: gain * | Performance Check Dymec DY-2460A/.
. N : ‘J’ AR : “ |= . Im(li F . ) : “f' . R : ! D¥-24SOA-M2 R
.| / Power Supply " OV to+20V ‘LPei-formance Check ] HP Model 721A
| s AR Iy ' ' nlI .
‘ ‘ oo J 3-1
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Tnble 3-1. Recommended Test Equipment (cent'd)

Model 5245L

N . . " Required ' . Instrument
: “PItis:trun"‘:_ent Type. “'Characteristics _ lfI‘Ise ] ' Recommended

. Counter § 10 MHz, 100 mV sensitivity, { Performance Check HP Model 5245L

ooge T [£1 court + time base. - S : .

- Mixer 10 MHz, 5092 impedance, Pertormance Check HP Model 10514A
SR 40 mW seénsitivity max. - '
Impedance 1000 ohms to 50 ohms’ Performance Check v

=Tran5£ormer VL : o \
Digital to Analog | 1-2-2-4 BCD code Performance' Check . HP Model 581A
. Converter ‘ o : : o ‘
Strip-Chart - Performance Check Moseley.680

- Recorder’ . L TR ‘ '

~ Low-Pass Filter -

1 kHz

1
b

Performance Check

Frequency
- Synthesizer

) ecision signnl source
0 to 50 MHz v

Performance Che_ck‘ -

‘| HP Model 5100A/5110A
[ ) ' . i

B .
- ]

' Coax Attenuator

‘Variable from 0 to 120 dB
in 10 dB steps

Performance Check -

HP Model 355D

Coax At_tenua.tor.

[ .

"{ variable from 0 to, 12 dB-

'in 1 dB steps’

Pe'rfu'rmance Check *

it

- HP Model 355C -

H

' Nete: The Variable Coax Attenuators are used to ndjust the output slgnnl levei of the :
' Frequency Synthesizer and should be used with the l;‘requency Synthes:zer for
D all checks, - ‘

' Table 3-2. in-Cabinet Performance Check

FREQUENCY MEASUREMENTS

1 'RANGE: DC coupled: 0 to 50O MHz

DC INPUT -

obtained.

"AC coupled 25 Hz to 50 MHz

L2 Set Counter eontrols as follo“.'s'

SENSITIVITY to .1 VOLT

SAMPLE RATE slightly clockwise out of POWER OFF

TIME BASEto .l s

FUNCTION to FREQUENCY
" = LEVEL + to PRESET

..".

b, _Connect output of Frequency Synthesizer to Counter DC SIGNAL INPUT and to Oscilloscope tnput -
with BNC "’I’" connecter. The oscilloscope is used to monitor the input signnl

. e Vary frequency ol‘ Frequency Synthesizer from 0to 50 MHz at 0 v rms (0. 28 V peek-to pen.k)
d To check for pulse operation, connect Pulse Generator to DC INPUT connector of Counter with

_ - normal recommended load. Set Pulse Generator for 1 usec, 1 volt pulse of the polarity used to
P edjust the t_rigger bias with, a 500 pps repetition rnte Vary ~LEVEL+ control until eount is
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S - 7. Tuble 3-2, In-bubinet Performance Check {cont'd)

Section 1
Table 3-2

AC INPUT

. Repeat the procedure given for DC INPUT in steps a through d with the input signal connected
‘to the AC Input Frequency range 25 Hz to_50 MHz, ‘

‘ 2 "IC‘;ATEI TIME: selcctnhle from 1 micrusecond to 10 seconds. |

a. Set Counter controls as t’ollows. e

N , SENSITIVITY lo .1 VOLT - :

Sy . ! SAMPLE RATE slightly clockwise out of POWER OFF
' "TIME BASE to 1 us - ,

FUNCTION to FI(EQUE.NCY

- LEVEL+ to PRESET : :\\

b.. 'Connect Frequency Syn‘thesiier output to Counter DC SIGNAL INPUT.

‘ Le. "Set Frequency Synthesizer for 10 MHz at 0. 1V rms,

1
v

for each betting Record results oh test card

d. Rotate TIME BASE switch countert‘lockwisc throug,h 105 gate position and observe counter rcadm[,

+3. ACCURACY: 'x1 count + ttme base accuracy.

Set Counter controls as follbws:
N SENSITIVITY to . 1 VOLT
I ‘ ' . SAMPLE RATE slightly’ clockwise out of POWER OFF
.. . TIME BASEto 1 us
P FUNCTION to FREQUENCY

- LEVEL +to PRESET

- Allow Counter to warm up for '12 hours,
1x ID toa prlma.ry standard,

. Counter DC INPUT. o C
d. Set Frequency Synthes:zer to 50 Mz at 0 IV rms,

e, Wxth TIME BASE switeh in the lis pos:tion, the Counter should count 50 MHz ¢ 1 count
' Aceuracy on test card,

f. Change the TIME BASE switch to the 10s gate position
- Record accuracy, on test card.

Internal crystal should be stabilized and calibrated to

' .G Connect output of Frequcncy Synthcsizer (cahbrat"d toIx 10B to a primary standard) to the

The Counter should count 50 MHz 12 counts,

Record

4. OUTPUT DISPLAY:. 8 significant figures with decimal point units of measure (kHz or MHz).

SELF-CHECK: counts 10 MHz for the gate time chosen by the TIME BASE switel,

a. Use Self-Check procedure;'sé'e- Figure-6-1, page 6-4,
b. Record results on test card.

. SCALING

1. RANGE: 0 to.50 MHz

" a. Set Counter rontrols as follows: oy
' ’ SENSITIVITY to , 1V
SAMPLE RATE sliphtly clockwise out of POWER OFF
+ TIME BASE to 10s '
.FUNCTION to MANUAL START
- LEVEL + to PRESET o
MODE (rear panel) to SCALER '
QUTPUT (rear panel) to SCALER RATIO 10 .
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Takle 3-2 ) . . : . :
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" Table 3-2: In-Cabinet Performance Check (cont'd)

b Connect output from rear panel SCALER RATIO OUTPUT jnck to Oscxlloscope or n.nother 5245L,
c. Connect output of Frequency Synthesizer to Counter DC SIGNAL INPUT

d. Set Frequency Synthesizer t'or 50 MHz at O 1V rms. The sca]ed output should be 5 MHz, Record
. resulis on test card.

'

2, FACTOR: by decade selectnble from 10 to 109,

a. Set Counter controls as follows _ ) R . i

SENSITIVITY to , 1 VOLT

SAMPLE RATE to slightly clockwise out of POWER OFF.
TIME BASE to 10 sec. :

FUNCTION to MAN START,

- LEVEL + to PRESET .

MODE (rear panel) to SCALER

OUTPUT (rear panel) to SCALER RATIO 10

Ty

b. Connect rear pnnel SCALER RATIO OUTPUT.to the OScilloscope or another Counter
c. Connect the output of the Frequency Synthesizer to the Counter DC SIGNAL INPUT

,d. Bet Frequency' Synthesizer output [or .90 Mhz at 0.1V rms.

. &, Rotate rear panel QuUTPUT switch through SCALER RA'I‘IO pos;tions from 10 through 1(:'9 The
- QUTPUT should reduce by a factor o[ 10 t'or each setting. Record results on tebt card,

PERIOD MEASUREMENTS ® =

1. FREQUENCY RANGE SINGLE PERIOD: 0 to I MHz

a. Set Counter controls as follows:
‘ SENSITIVITY to . 1 VOLT
. o ‘ SAMPLE RATPE to slightly clockwise out of POWER OFF
S L TIME BASE to .1 psec .- o
: . FUNCTION to 1 PERIOD AVERAGE g
- LEVEL + to PRESET

’ 'b. Connect nutput of Frequency Qyntheeizer to Counter DC SIGNAL INPUT
Loe Set Synthenxzer Frequency for 1 Mhz at 0, 1V rms.

d. Counter should display -1 ps, with decimal potnt correctly posittoned .md measurement unijt
displayed. Record results on test card. ‘

2. FREQUENCY RANGE MULTIPLE PERIOD: 0 to 300 kHz,

‘A, Set Counter controls as follows:
SENSITIVITY to .1 VOLT ‘
SAMPLE RATE to slightly clockwise out of POWER OFF
TIME BASE to 10 sec,
FUNCTION to PERIOD AVERAGE
~ LEVEL + to PRESET -

'b. Connect output of Frequency Synthesizer to Counter DC SIGNAL INPUT,

. ©. Set Frequency Synthesizer for 300 kHz 2t 0.1V rms.. s

d, ‘Rotate TIME BASE switch clockwise to .1 us observing count. Switch FUNCTION switch to 10
. PERIOD AVERAGE and rotate TIME BASE switch coanterclockwise through 10 sec observing count
- at each setting. Repeat rotation of TIME BASE switch at each position of PERIOD AVERAGE ‘
'switch, Record results on test card,

This check also checks Item 5, OUTPUT DISPLAY ’ '

{

3-4
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o L Table

o L \ " 'I‘uble 3-2. In-Cabinet Perl’ormance Check (con:'d)

3-2

3. PERIOD MEASUREMENT ACCURACY: 1 count + time base accuracy + trigger error whure the
trigger error is expressed &s 0. 3% over 1 period divided by the number of periods ayeraged for
" signals with a signal to noise ratio of greater than 40 dB. . '

a. Set Counter controls as follows:

SENSITIVITY to .1 VOLT
SAMPLE RATE to slightly clockwise out of POWER OFF
: TIME BASE to .1 psec
' . FUNCTION to 1 PERIOD AVERAGE
. “ . ‘ . "= LEVEL+ to PRESET

b, Connect putput of Frequency Synthesizer to Counter DC SIGNAL ENPUT

. C Set Frequency Synthesizer for 1 MHz at 0 1 V-rms.

d. Counter should display 1 us + 1 count. Record results on test card.

4. PERIODS AVERAGED: 1 to 10° periods in decade steps. - ' | D

" a. Set Counter controls as follows: . i

' . SENSITIVITY to .1 VOLT
' SAMPLE RATE slightly clockwxse out of POWER OFF
.. TIME BASE to .1 psec = .

FUNCTION to 1 PERIOD- AVERAGE

- LEVEL + to PRESET

b, Connect output of Frequency Synthesizer Counter DC SIGNAL INPUT.
c. Set Frequency Synthesizer for 300 kHz at 0.1V rms.

d. Rotate FUNCTION switch from 1 PERIOD AVERAGE through 1001{ (105) PERIOD AVERAGE and
‘observe count in each setting, Record results on test card.

5. OUTPUT DtSP_L'AY: 8 significant figures with decimal point and units of measure (sec, ms, or'u's)..

This is checked by Item 2, FREQUE&CY RANGE MULTIPLE PERIOD.' If check is satisfnctory,
mark test card oK. - ‘ ‘ L ‘ .

i

6. SELF CHECK: Gate time is 10 us to 1 sec {periods averaged of 100 kHz); counts 100 kHz from the
time base,

: Use Self Check Tnt?le §-5, page 6-5. Recolrd result's on test card,

FREQUENCY RATIO MEASUREMENTS

. 1. F1L FREQUENCY RANGE: 0 to 50 Mz

a, Set Counter controls as follows:
SENSITIVITY to . 1 VOI..T
SAMPLE RATE slightly clockwise out of POWER OFF

5 ' . " TIME BASE to EXT.

FUNCTION to 1 PERIOD AVERAGE
- LEVEL + to PRESET

‘b.  Connect Frequency Synthesizer to Cdunter TIME BASE E:X:I‘ connector and set output to 0 1V rms.
¢ Connect HP 52451.. 100 Hz OUTPUT STD FREQ to Counter AC SIGNAL INPUT (F2 INPUT)

d. Observe rntio of F/ 1 MHz by selecting F1 on Frequency Synthesizer as shown in table on the -
»tollowinp; pnge, record re.ldiru,s. .

3-5
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.+'Table 3-2

/

‘ Table 3-2. In-Cabinet Performance Check {cont'd) = ., /
F1 : | F2 . . ' ‘Ratio FI/F2 o
. 50 MHz | .. 100Hz ‘ ' 500,000 . '
‘10 MHz . 100 Hz . .7 .100,000 :
© 1MHz | . .100Hz ‘ 10, 000
: 100 kHz 100 Hz ' 1,000
Lo 10 kHz _ | 1008z - 100
o 1 kHz : : 100Hz L 10
. © 500 Hz .~ 100 Hz' , o 5
100 Hz . . o 100 Hz o 1

12 F2 FREQUENCY RANGE: 0 to 300 kHz.

a.

<.

Set Counler controlb as follows:
: .SEINSITIV ITY to .1 VOLT
¢+ - SAMPLE RATEI to blightly cIockwise out of POWER OFF
" TIME BASE to EXT.
~ FUNCTION to 10 PERIOD AVERAGE.
- LEVEL +to PRESET‘ : g

Connect Frequency S} nthesizer set for 1 MHz (FI) at 0, IV rms to the Counter TIME BASE EXT
connector.

b

'Connect Low Frequency, Generntor to Counter DC SIGNAL INPUT. Vary Low - F‘requency Generator
_from 2, 5, and 10 Hz at 0,1V rms, OhserVe Counter displny for ratio Fl/ F2 Record results on

test cnrd. . ‘ :

vy

' Replace Low Frequency Generator with Synthesizer and set to [requencies’as’ shown (F2) Use'

1 MHz from OUTPUT STD FREQ for Fl' -Record, readmgs on test card. - ;

F2 T Rntio\FI/FZ
b ' oo Ty

2 L © 500000 : 3

5, S0 20000 ,

10 . 100000 - - o

w0 - 10000 ST SR

1kHz <. . 1000’ - I :
o . 100kHz ‘ 10 . e
T 300 kHz - 3 e

3. MULTIPLE PERIOD: 1 to 105 in decade steps.

a. Set Counter controls as follows:

c.
d.

e

SENSITIVITY to . 1 VOLT
S S SAMPLE RATE to slightly clockwihe out of POWER OFF
oo ‘ TIME BASE to EXT ' _ ‘ '
- . FUNCTION to 1 PERIOD AVERAGE
, + ='LEVEL + to PRESET
Connect Frequency Synthesizer set to 1 MHz (F§) at 0.1V rms (o Counter TIME BASE EXT input.
Connect Oscillator set to 100 kHz at 0. IV rms to Counter DC SIGNAL INPUT.
Counter 5hou1d display the ratio of FI/F2s -1'count. Record results on test card.

TIME BASE: FREQUENCY (INTERNAL}): 1 MHz

1. Slability. Aging, Rate: Less than 3 parts in 10° per 24 hours,

As a function of line voltage: less than +5 parts in 1C 10 for chan &Eh of + 10%.
As a function of ambient temperature: less than + 2 'mrts in 1010 per °C from
. —20°C to +55°C. ‘ -

'3-6
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Model 5245L , . -
' Table'3-2. In-Cablnet Performance Check (cont'd)

Mensure the stability of the time base using the circuit shown below and the following procedure:
' L 5245L 50MH:z COUNTER .

5245L UN DER EST

IWHz (REAR) DY-2460M/
S Wi TR o DY-2461A-MZ
| omeeomce [ ) woses | I I\ |
TRANSFORNER - [—1 muegn [~~].L0 PSS _ —
. ; o I A I/ . |
‘ : " B5BiA D/A Y680 _ REC..

- . ]
!oran REF STANDARD INHLE Ih
e - o % '|“., .'_? Y |13 , '

‘ .
|

* COUNTER UNDER TEST MAY BE OFFSET tIHz INSTEAD OF REFERENCE STANDARD'
TEMPERATURE' _ S o .
Place the Counter in a temperature-contmlled environment The rest of the circliil should be

Jl

oo h “
EE RN«
in 2 constant temperature env!ronment

h
] b Set Lontrols of Counter under test as l’ollows. ‘
SR o SAMPLE RATE slightly clockwise out of POWER OFF _
. S R MODE (rear panel) to INT FREQSTD
, ' PR ' - OUTPUT (rear panel) to 1 MHz 10 ; o
Set digltal to analog ‘converter to analgg columns 4 5, :md 6. This g.ves 3 Iuli scn.le plot on the

c.
- strip chart recorder of 10 parts in 10
Set the Counter (Tnble 5- 1) to. tpsecTIME BASE and FU‘NCTION switch to 10 PERIOD AVERAGE
Lower the temperature ‘of the Counfer

e. Maken reference plot with Counter at room temperature,
- under test to -20°C and allow 3 hours for the Counter to reach thermal equilibrium. Make a plot
of the output and record any change on the test card. Increase tempernture gradually to +50°C
and allow 3 hours for thermal equilibrium. Make a plot of the output and record any change on
8

the test card. Note that the change in frequency shall not exceed +2 parts in 1010 per °C change
(If necessary set Converter to columns 5, 6, 7 for 10 parts in. 109 full

c

i

of ambient temperature
scale.) . ' ’
LINE VOLTAGE: - o c
Connect the Counter under test to 2 variable voltage power line source. Using the same system as o /

used for temperature check, make a plot with the line voltage at 115V rms. Lower the line voltage T
10% to 103V rms and make a second plot,  Set the line voltage te 10% above normal line, 127V rms, /
and make a third plot. Record any ch:mge in frequency on test card. Note that the frequency change '
is less than +5 parts in 1010 from the first reference plot. o , L

' b

a.

'LONG TBRM STABILI'I‘Y
a. The system should be in a constant temperature envxronment Allow 172 hours of continuous opera-
tion to stabilize the Counter. Make a reference plot and record the temperature and line voltage Cy
on the test card. Repeat the check in 24 hours and record any change in frequency on the test card !
Temperature and line voltage must be the same as the first check or compensations for any dif- - .| ¢

L
!

' ferences must be made.
, -
o il
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o Table 3-2. In-Cabinet Performance Check (cont'd)

3
i

2. 'I‘IME BASE Output-FRONT PANEL' ot Hz to 1 MHz in decade steps; 1V peak- to peak (See
. specifications Table i-1.) "

“'n, BSet Counter controls as toltows'

B SAMPLE RATE slightly, clockwise out of POWER OFF
TIME BASE to | us
FUNCTION to FREQUENCY

", b. Connect Oscﬂloscope to EXT input jnck

c. Oscilloscope should displ.ly 1 MHz rectungular wave of IV peak-to-pea.k Record on test’ cnrd
the frequency and amplitude of the TIME BASE output T |
‘d,. Set the TIME BASE switch to each’ poeition, 10 18 through 105. The displayed frequency :ahould
. decrease by a factor of 10 for each successive setting of the TIME BASE. The amplitude should
be 1V peak-to-peak for all eettings. Record on test card Irequency and amplltude oﬁ TIME BASE

'j, .. 'output for each successive setttng - o A . _ .

3. r“IMI:‘. BASE Output REAR PANEL- 0.1 Hz to 10 MHz in decade steps 5V peak-to- pea.k rectangular
wave with 1000-Q source at 1 MHz and lower; 1V rms sine wave
with 1000-2. source impedance’ only at 10 MHz. (See specifications

i Tnble 1-L) ‘

’

© a. Set Counter controls as follows:
SAMPLE RATE slightly clockwise out of POWER OFF
- ' SR _MODE (rear panel} to INT STD FREQ
T : " . QUTPUT {rear panel) to 10 MHz 10 ;-

b. -Co'nnect Osctlloscope to the OUTPUT connector (J5) on the rear panel, - .

c. Osctlloscope ehould display 10 MHz at iV rms. Record the [requency and amptitudemﬂh\

v 4. ' Set the OUTPUT switeh to each position, 1 MHz 102 through 1 Hz 109 The dlsplayed t’requency

should decrease by.a factor of 10 for each successive setting of the OUTPUT switch.

: S " INPUT AT?ENUATION
. Range. Three mngeso 1, 1.0, and 10 volts, .~ .},

a. Set Counter controls as folIOWS' : ' ‘ _ .
SENSITIVITY to . 1 VOLT S ' ' ¢
SAMPLE RATE slightly clockwise out of POWER OFF
- TIME BASE.to.ls ‘ ‘ :
s P FUNCTION to: FREIQUENCY

R ' - LEVEL + to PRESET

b. Connect Oecillutor to Counter DC SIGNAL!NPUT Set Osctllotor for 100 kHz at 100 mV
{.1V) rms, Counter should count und displny 100 kHz,

c. Change Counter SENSITIVITY to 1.0 \roIt ‘Increase Obcilhoroutput to 100 kHz at 1V rms,
The Counter should count and display 100 kHz, Record resuits on test card,

d... Chnnf,e Counter SENSITIVITY to 10 volts, Increase Oectllator output to 100 kHz at 10V rms,
The Counter should count fnd displny 100 kHz. Record results on test card, i

\n:smw sronAc's

a. Set Counter controls as follows:
SENSITIVITY to CHECK :
SAMPLE RATE slightly clockwise out of POWER OFF
;o TIME BASE to . 1s
: FUNCTION to FREQUENCY:
STORAGE (rear panel) to OFF B
- LEVEL ~ to PRESET ' . . o

[ i C
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Table 3-2." In-Cabinet Performance Check (con 'd)

rCounter should count 10,000, 000 kHz.
. tube

i

The chnnge_in count shontd be vlsibleon each digital display

Set Counter STORAGE switch to the STORAGE position. The Counter should count, dlsplny, and
hold 10, 000, 000 kHz count providing a continuous displny of the most recent count. Record results

on test card
‘ SAMPLE IAI‘!

‘1 Sample Rate. V.irinble from less than 2 sec to greater thnn 5 seconds.
?
P ' ', I . K . . ) v
-4, Set Counter Lontrols as l'ollows . : oo
' J SENSITIVITY to CHECK . ‘ o
f,.' : SAMPLE RATE to POWER OFF L ‘
. TIMEBASEto0ms - ..~ ' 1
~ FUNCTION to FREQUENCY v .
‘ L. LEVEL+ to PRESET
. b, Connect Osciiloscope to J11 Pin 48 : IR Do | ;' - ' - - .
c. ‘Turn the Counter SAMPLE RATB control slightly clockwise out of POWER OFF and note thnt the
- Counter turns on.’' L . :
) d. With the SAMPLE RATE control in maximum position (ccw), observe with oscilioscope the negative
. ¢ pulsé duration between gate closing and the following gate opening; it should be Iess than 2u0 milli-
- seconds (. 2 sec) _ ’ :
E e. Increase the SAMPLE RATE control clockwise to minimum sampie rate. Observe with Oscilloscope
_the negative pulse duration between gate closing and the following gate opening; it should be more
.* - than5 seconds . : : ‘ ‘ o .
L. Set the SAMPLE RATE control to the Hold position. The last Counter reading should remnin dis-
R played indefinitely. Record results on test card,

T DIGITAL OUTPUT

L omput4 linel 2-2-4 BCD:: Impedance 100K each line - o : g

. Q" State Level -BV <1
'fl" Stnte Level i-lB‘V

=di:zgrnms Figures 7-9 7-11, and 7- 14

. Connect Freqoency Synthesizer to Counter AC INPUT connector, Set cutput level at 1 V rms.

" Connect Oscilloscope to following points to verify "0 state and "1" state levels, Oscilloscope will

The impedance is determined by a fixed value 100K resistor, which can be seen fn scllenmtic _

Set Counter controls as follows- . '
SAMPLE RATE slightly clockwise out of POWER OFF
SENSITIVITY to . 1 V ,
TIME BASE to 1 us . ! 0
FUNCTION to MANUAL START ‘ :
MODE (rear panel) to INT STD FREQ

display the switch from "0' state (-8 volts} to ''1" state {+18 volts) as a positive 26 volt-, step.
Check all recorder outpots for Q" state :md " stnte and mark the test card ok :

|

. e !
n TP ‘ : b . . : !

. 3-8
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1
2
. 26
27

3

28
29

32
© 33

4

Oeciltoscope Seisitivity 10V/cm o

DIGITAL RECORDER ..
J11 Pins

' First DCA AI8

Set - ' '’

Freguency- Synthesizer to IOer
@1 V rms) - :

Second DCA A16

Set

Frequency Synthesizer to 100 Hz
(@ 1V rms)

'1‘hird DCA AlS

Set

Frequency Synth.eblzer to 1 KHz
C@rv rms) ' .

Fourth DCA A14

Sat - -

Frequency Synthesizer to 10 kHz
(@ 1V rms)

gy |“ ' BCD Oscilloscope Display

S
9

10

34
35

11
12

36

217

13-
14
38

‘39

15
16

© 40

41

1

" Bet

 Sixth DCA A12
o Bet |

. (@#1 V. rms)

@1v rms)

Fiith' DCA A13

Frequency Synthesizer to 100 kHz
(@IVrms) R )

Frequency Synthesizer to 1 MH?.
(@ 1 fV rms) "

Seventh DCA All

Set

Frequency Synthesizer to 10 MHz

Eighth DCA A10
Set . ‘
Frequency Synthesizer to 10 MHz

. . 2, Reference Levels: approx. +9 volts, 350-ohm source impedance; approx.

-1V, '1000-chm source.

oA Set Counter SAMPLE RA’I‘E control slightly clockwise out of POWER OFF.
: : o .
b.  Connect DC Voltmeter to DIGITAL RECORDER jack (J11) pin 25 to check pos reference (+av)- .
) and pin 24 to check neg reference (-IV) Record the amplitude of both reference voltnges on .
' - test card. , . : .

. , . n i :

3-10 o J o i
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‘ g . . : Table 3-2. In Cabinet Perform.mce Check {cont'd) o ‘ ' S

. Oy 3. Prinl Command: Negntive etep from +13 volts to b Jolts, DC -coupled.

a. Connect Oscilloscope to DIGITAL RECORDER‘jauk {J11} pin 48,

i
|

: - b Set Counter controls as follows: |
o ! SAMPLE RATE slightly clockwi.se out o[ POWER OFF
‘ . ‘ SENSITIVITY to CHBCK ‘ I
yoo N s B TIME BASE to 10 ms
SRR B o FUNCTION to FHEQUENCY r
l‘ o L c. The Oscilloscope should display the prlnt commnnd step (»13 volta for each cnunling cyclc)
i Record the amplitude of this negative btep on; tu*sl card P .

v , W ;! ' _ '
RO o 4. Hold-Off Requirements: b 15\r min., +25V max, [rom chassis ground (1000-chm source).

Co a. Set Counter controls as follows: R
I : SAMPLE RATE slightly clockwize out 0[ POWER OFF
B : S o ' SENSITIVITY to CHECK | . _ ’
RSN R . TIME BASE to 10s L ' :
RENEERVIER B ; " STORAGE (on reur panel) to ﬁon-stornge
o : FUNCTION to FREQUENCY .
b.. With DC Power Supply, apply hold-oIf vélta.ge, +n5 volts in series with a 1000-ohm resistor to
' DIGITAL RECORDER.jack (J11) Pin 22 on the rear panel. The Counter should stop until the
.1old off voltage is /removed fromJ 11, pin 22. Record hold-off voltage on test cnrd

B c. Repeat step b using+15 hold-off. voltn{,e. ‘Record hold-off voltage on test c.u'd. Note this
R ' : check can be mnde using any hold-off voitnge from +15 volts to +25 volts. ,

i
]

H

. . GATE INDICATOR. Frd\nt panel indication oi mnin gnte "open" stnte

: . a. Set Counter contrbls: as follows: . '
v : A ‘ *SENSITIVITY to CHECK AR \
' ‘ " SAMPLE RATE slightly clncl*wlse out of POWER OFF
i . TIME BASE to 105 . |
- = - ' FUNCTION to MANUAL STOP
4 I : o ,,-»LFVEL.+ to PRESET - B

o R ; .b. Set Counter FUNCTION switt.h to MAI\UAL START thc» Counter gate lamp should tarn on.
) o Record resultb on, levt card, S .

. ! . }.
o v noo

RE -SET CAPABILITY. A nomenta. Ty control on the Irunt pmlel that returns both the displayed and
internal ‘count to zero ' ‘ ; '

' ‘a, Set Counter controls as follows _
0 K S 'SENSITIVITY. to CHECK '
! . SAMPLE RATE slightly clockwise out of POWER OFF
| TIME BASE TO 105 .
o . ‘ . . FUNCTION to FREQUE\ICY
L : . - LEVEL + to PRESET

. b[ Push front panel RESET pushbutton Counter should reset and then start A new count, Record
recult an test card. ' ’

i ' ' Lt

' . i P ! . ' Lo
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. Model5245L - . ' :

PERFORMANCE CHECK TEST CARD

Hewlett-Packard Madel 52451. : 1
Electronic Counter

Serial No. - . B

JTests performed by Co :
v Date“' R

.

Description

Check

-_A.

FREQUENCY. MEASUREMENTS,

1 RANGE: Dc coupled~ 0 to 50 MHz
Ac coupled: 25 Hz to 50 MHz

0 Hz to 50 MHz
25 Hz to 50 MHz.

2. GATE TIME: selectable from 115 to 105. 00000010. 0010000, 0
0000010. 0 010000. 00
. 000010. 00 10000. 000
. 00010000, ¢oo0, 0000
3. ACCURACY: =1 count, = time base ' . :
nccuracy 150 MHz ¢ I count
o , . | 50 MHz + 12 counts
4, OUTPUT DISPLAY: 8 slgnificant flgures 00000010. MHz
., with decimal point and units of measure 0000010.0 MHz
{kHz or MHz) ' ‘ 000010.00 MHz
SELF-CHECK: counts 10'MHz for the Soaeely K
gate time chpscn by the TIME BASE switch. ~1010000.00 KkHz
. ' _|1000.0000 kHz
Y - 0000.0000 kHz
- B. SCALING. TIME BASE OUTPUT JACK (15)
1. RANGE: 0to 50 MHz * — ;
. 2. FACTOR: by decades up to 10° : 5 MHz in 10 MHz * position
.5 MHz in 1 MHz 102 positiun
, 50 kHz in 100 kHz 103 position
= = 5 kHz in 10 kHz 104 position
ﬁ 1.5 kHz in 1 kHz 10" position
) . 150 Hz in 100 Hz 106 position
o 5 Mz in 10 Hz 107 pogition
, A Hz in.1 Hz|108 %o'-.ilion
’ <f5 Hz in .1 Hz 109 position
'C.., PERIOD MEASUREMENTS SINGLE PERTOD -

. '1, FREQUENCY RANGE SINGLE PERIOD

[:] 0rpy0o, o' i

0to 1 MHz. ! MULTIPLE pEmon !
2. FREQUENCY RANGE MULTIPLE PERIOD: 1 px-“mon AVERAGE !
¢ to 300 kHz .1ps T ]oevn093: 3§ us o,
' 1 us . [000L0003, ps o
10 ps 000000.00 s ’
.1 ms 0000000, 0 ms S
; 1 ms 00000000, ms . /7 ¢ - b -
10 ms 000020, D0 sech f \ ¥ 1 )i
. LIs [ 10000000. 0 sez A
1s b 00000000. sec K o
105 i ' ’ ) :..il TN L
10 PERIOD AVEZRAG;.. . 'l:., b
‘ .1 s 00000333 pus  * Voo
1us|_ B 0000503, 3 us ~ *
10 us i 00000003, us- Lt
© .1ms l 00000000 ms : . U
tms[ 0000000 0 priss ‘ P
' 10 ms i 00000000 'ms ' » L
. ] i 000000, 00 sec .
‘ 10s [ s
, ; ) I s-m ‘




v

PEIFORMANC! CH!CK 'l!S'l' CARD (Conl d)

+.'Description -

Check .

< unik P Y
cont'd)

MULTIPLE PERIOD CHECK

G

3. PERIOD MEASUREMENT ACCURACY:

+ . where'the trigger error is expressed as 2 1,35
., over 1jeriod, divided bythe numberof periods
averaged for signals with a signal-to-noise
ratio of grenter than 40 dB.

4. PERIODS AVERAGED:
I to 10° in decade steps

5.. OUTPUT DISPLAY: 8 significant figures with
‘ decimal point and units of measure (.,ec,
) ms, or us).

- 105

+1 count + time base accuracy + trigger error _

U0 FE
J1us
1us
10 us

.1ms

1 ms
10 ms
.15
1s’
10s

1 K PERIOD AVE

L 1S
1lus
10 s
+Ims’
1 ms
10 ms

.18
1s

ERIUD AVERAGE

000003.33 us

0000003.3 115

00000003, s

., 000000, 00 ms

4 100000000, ms
*

»

RAGE.

0003, 3333 s

. 00003,333 us

000003, 33 us

000000, 00 ms
. .

i
1

]
' *

10K PERIOD AVERAGE

.1 us
1us
10 us
“1ms
1 ms
10 ms
L1ls
1s

10s

.1ps
-1 ;15.
10 pus
.1 ms
1ms-

" 10 ms

.18
" 1s
10s

0003, 3333 us

0000003.3 pus.

¥

"
*
"

100 K PERIOD AVERAGE
03.333333 ps -

003, 33333 s

0003.3333 us

: |

*'I'A'Iil-

}

PERIODS AVERAGED

1
10

100.

1K
10K
100K

0000003, 3 s
" 000003, 33 s .

00003, 333 us

- 0003, 3333 us
003, 33333 us
03. 333?33 Hus

_ OUTFUT DISPLAY o

. See Item C-2

00003, 333 15 -

00003, 333 [TE-

10000000, 0 s

0000003.3 ps
00000003, us .

003 33333 ps

00003, 333 us
000003, 33 s

T
'

0000001:0 us + 1 count .

Model 3245L
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Sy B ;

L rnrommcl CHICK nsr cnn (Con!'d) ",._ R T

ki E .

8 . SELF. CHLCK' fGate time is 10 ustol sec PERIOD AVERAGE "DISPLAY ‘
(periods averaged of 100 k}{z), counts 100’ IS S 00000001 . .
- Wiz from time base. ', . bt e 100000010 © - "
' U e 000,100 :
\ ".. ' . RS 1K - 00001060 . ¢
- : y 0K [T 100010000 |,
e L ; ol 1_00n 7 00100000 - '
A i ‘ ‘o . ] - . Y . L :
D' FREQUENCY RATIO MEASUREMFNTS RATIO Fl, 2. , Sl
BEER S ! FREQUENCYRANGE OtDSOMHz e e / ] 500000 | ‘
o s A T 100000 S
; R , i R [ ** 10000 -
L o S Y . 1000
! .'.f‘ b tl =‘|‘-.." gt L v \’ I T _I D "»:. \ _ L _ - 100 L
I DT "y BRI B R {1 "
My p A ; RS e IR R R
: TR i PN ! e Rl . I S i
2 F2 FREQDENCYRANGE Oto:!ODkHz sl =2 seea00 ;
‘ A U oSia e i .200000 -
0, ;«" K ;51 ' f‘! : - = Ched 100000 ' '
S R RO PR ) et e B 10000 0
Sl . o St 000 -
e ¥ S R N EEE -‘ ORI R e 30
"‘ " “ i . . 'H‘!I V{’.h‘ | . : I F “ . | " - ."I:.I‘ 3“1 [ )
fooa,. MULTD”LE PERIOD RO 1 RATIO Fl/FZ IMHz/mo kHz - .
I LA . Yoo ' ax
lto lD lndecade stjgps”" A PERIOD AVERAGE. SRR | (i
‘ R TR 1 [ : . 00000010, o
e AN -,,10_ A ) 4 0000010,0
TS EREN TR (1 ], '000010.00 .
b e ,“’j'; 1K b7 -aoo10.008 ¢
R N et C10K T ) 7. 0010,0000 ¢ L0,
. AR ' S 100K Cor__ o]0 010,00000 . ¢ ,
o ) , VoL e :‘,'-. X . R .
AR S R RATTO F1/F2=1MH:/300 kHz =~ o ‘
v S RO ] . -00%d0003, :
_ A [ N DL GO . 0000003 A !
! R I L v o ee o T L 000003, 0u
B TSR M1k TR 00003, 333
oA R e 10K T 0003, 3333
NS Lo CELT caaek [T 00333333
s mpu'r smsrnvrry- 0 15v rms . . o T3 e V rms
L ' v : . '
5 ACCURACY i—l count of *,he larger o ’ —
: . ¥ - ' : o FI/FZt lcount
frequency the trigger error — . + trigger error
\E. 'rnvua BASE FREQUEH\-CY (mTERNALnMsz' R | S
: _ S’I‘ABILITY -, EEY 3 ::I Parts in 109 {nequency oﬁ'set at o
(; : v .Ia I‘:s a function of ambientltempega.ture' . : . beginnir. -of test) R A
AR e ] ) ‘.
S _zzach?;xfszspértfs#ﬂ? per Cfmm-, [:Leisstthuar;t)2partsm101 -per el
L ‘.f: b:) Rb ty o
b. Asafunction of line volt e"less than - ' '
T e parts in 1010 for cm“ges of £ 105, [C" "7 Lessthan a5 parts m101° (stab.lity)
. e Stability: dging vate: less than 3 pnrts . S Parts in 109 (frequency offset 24
NS i.n109 per 24 hours o ‘ - <. hours lateratsame temperature
by t , ., } ;‘;f‘ SR :mdline volt.q,re) e
.'l ] , R L ‘ |awlic .
I".l ‘ > ' ;" "l. ‘»' ! : Y




e - .o ' i ' . . O IR o } ,

. o) by s TR 7 iy . S , L ‘ L .
X R I S ' T Moders2asL . o
I L R b T L ‘ o

T L rnroamuuc: cuecx 'usr cno (Com d) ERRES

Lt B s L \ . ,
2 TIME BASE- Gutputs, ‘front panel: | i e . TIME BASE EXT JACK 'J:l) L .

' = 0 1 Hz to I\MI“" in decade steps, ' ; 1 Rem 1M N | ‘ '
B s T TR Lma (g he) [T N
I - Py : = L | 10 kHz (.1 ms) L N S
TRl N SR T A O '] 1kHz (I ms}. | 1vpp | 0y

L : A i . . lHz{i0ms), |- T O SR
T S A o . R 10 Hz‘(.ls) ] greater 1 C
Ii\_‘, _' f I i‘l.l; K '_ . " ':i‘n'.' . ‘ h § ‘! o ’ A FET) 1 Hz (IS) K i ) ) ! .,"=' -
A SR '; o \ [ ‘f "f L -;‘ \ \ ' V1 Hz (105) - S W :
RTEN 3 TIME BASE Outputa, rear p:mel SEREUE ERIES TIME BASE oxrrpm' .mcx (J5) Lo N
N 0. LHzto IOMHzlndeoadesteps, S Y e I
[ T By pe..k-to-peok rectangular wave with B e iOMNgz{z(fég; e w, rms‘ . i
- . " 100-ohm source at: 1 MHz and lower; 1V ' P 100 kHz (103) —_ O B
4 i “rms sine wave wlth 1000-ochm source - — 0 kHz (10 ‘ 5V KA ST
BERE S EPE P impedance only at 10 MHz S . . - p 1 z(15 ) - i AR R
\ AR SN B | 1-kHz (105) = T -
T e ,;.* o R e R 100ﬁz(1oﬁ) S i
. RS R oo v 1 10 Hz (100 x
g B oo T B (108 N o
b e R " SR e Cw1Hz (10%) K ! e
' . o oy \ EE [ ‘ | ' oy T '-'\il' !“ B ; " ) ;
: F INPUT A'I‘TENUATION Three ranges IR ISR IR R ? R
. 01,10 andlo’volto. S o ] eeryalt e R
o Sy e : . " V..". _ '\H S B 1L 0 volt . oo . S ' :
o T !3 at o N S a FEr SR 10volts - S . ",.‘ -
‘ - : T " Y - ‘ R A ’ o
o G.. DISPLAY s’romcz:’“ GO i Lo SN
' o Storage. off:* count .change visible S - Slorage off = o |
p .‘ " Storage on: count Lhange not visible b [::] Storage on ' C
Vo : NEREEAY ‘ H. L ' .““; R P R : n’ o \

o H S;}MPLERATE- SRR TR I HERCR - R
: A <.2'sec to.> 5 seconds IR R _ “»“.!2.-,58(7. to'_.> 5 seconds - ' N

. "‘ — \"\ — "‘|I ! . “ ‘:II .J.‘ - . ‘ " ‘ ‘ . ] J-“, H ]
L BGl:iCODE ST AT NS e e o
N X ' L RN v [ ' o T 1 )
L . l 1 Gutﬁut 4_‘11“3 1_2_2 4 BCD . 3 fl C ‘ 3 ."‘ . N "-:,'w v Ve L e
\ , , . ;

’_l,' g State Le\rél' approx -8 volts: \ |h [ vo» state approx -8 volls -
e "1" State Le\reir approx +18 volts 1" state approx +18 volts

R . )2 ’Reference Léyelk; approx Te volts, aso | ,morrAL RECORDER JACK (311) Pins 25 and .,4
‘ e “ohms source impbdnnce, ;m:i approx «1 | ‘|- approx +9 volts

A

- ’ volts, luﬂﬂ-ohm source impedance B . . approx -1 volts : . .

P 3 Print Command negatlve step {rom+13 ‘ R DIGITAL RECORDER JACK (J11) Pin 48
‘ L Lovolts toOvolts, de coupled;. IS R E:::l neganve step Bvots . .

F ! y o , " . L

4 Hold-off Requirements: +15; volts min, ' N DIGI'I‘AL RECORDER .IACK (Ill) Pin 22 .y

+45 volts max Irom c@s:s ground (1000 I L +15 volts . s b

A ' ohm’ sourcee) o O N I . +25 volts ..

- | & GATE NDICATOR: Froat panel indicationof i SR T P

1 . main gate "open" state L B 'w Gate Iigot‘?ndisnlos Co

1

SR RESET CAPABILITY Momentary control on . PR s
|+ the front panel that returns both the dis-- | [L-7"7] Reset switch functions .
3 playecl and- internal count to zero. el T e W







* numerical order of their reference designators and

- Model 5245L .- "~ - - 0 ot i M
C T S!CI‘IO
'w ‘ ' o R!PLACIAI

4-). IN'I‘IOOUC‘I’ION

4-2. This section contains in!ormatfon for ordering
replacenient parts. Table 4-1 lists parts in alpha-
Indicates the descriptionand HP stock number of each -
part, together with any applicable notes. Table4-2
lists parts in alpha-numerica? order of their HP stock -
number and provides the followtng information on
‘each part

a. Description of the part (see Iist of nbbreviat.ons
below) o ;

b Typical marufacturer of the partina ﬁ\"E—dlglt R
cade; see, list of manu!acturers in Table 4-‘. U

e Manufacturer s part number. | S ‘{:

d Totai quantityused in the instrument ('I‘Q column) 2

'Table‘l Lo e
4-a, onnnms INFORMAT!ON. . R

inquiry to your lncal Héwlett-Packard Field Oif

" 4u6.

N . Con ot 'Bectlon IV
‘ - : SO Paragraphs 4- lto 4-6

:'] | _- "’t}_ | 4 | ‘Ji,]l r {I“I .
I.E nnrs Lo
4-3. Miscellaneous parts are listed at the end of - t

4-5; To ontaln replncement parts address orde: or

(see lists. at 'réar of ‘this manual for addresses)
Idertify parts by thelr Hewlett-Packard stock nambers.

‘To ohtnin a part that is not listed include' :

".a. Instrument model number. o

1
1 Y

-b Instrument serial number.

:

c. Descnptmn of the part- i

.d- F‘u.nction and locatiun of t!".‘e‘ part. @,

L. . . oo
B . ! ’ [
' O . i

r“ L ‘ .
J," - i v . R s o ' s '.
¥ JENEE LN ' .7
. t . ; [ Yy s
oL . nnrsnzncsnr,smmmas SRR S e o
A . asyembly E’ a mlar electrenic pan P ! e plug L s . V. ' vacuum, tube, neon . I
B’ . » motor F = uee Q" U= translstor . e " bulb; photocel), ete,
. BT  » battery : ;‘l., w filter . - L, . R © = yesistor. ' VR * k- voltage. pegulator i
' € ..} = capacitor . o= Jack 3 7 AT = thermistor - W £ cale IR .
; . CP = coupler K. = relay Con e B e awtteh X - mocket .. o
" CR . = diode = . o Lo = Industor,’ \ T T transformer. BRI A w oerystal Yy
e ~BL ¢ = delay liny ' M ' .« meter .- ‘- 8. .r  terminal board - s o "
;o . D8 =!device signaling (lamp) up » mechanical pnrt TP b leat pnim A L LN e )
. e RN i ' N - Lo ' S : o . N '
S 4 Aasnnmncrus. o Lo e e DTN
} [ H . ‘.. . § T, [ . . f\‘ RE
‘A = amperes H . henrles NPN - .. M\Kl“" polmve- L RMS a - ropt-mean sgquare 0,
) A F.C. » gautomatic frequency contrnl HEX "= hexagonal ) b "t negative 7 RWV * reverwe worklng -
AMPL = amplilier ’ ) HG = mercury B NRFR - nol recommended lnr' : . valtage e
B,F.0. = kent frequency csclilator HR © .« hourls), L N’SR '_ ":"" repla::zlment. S X » ‘glow-blow o
i BE CU = beryllium copper - KIS L = intermediatefreqg 0 T, * ll;pm; N 1. BCR .. Borhw. -
BH = birder head ‘ JIMPG |« impregnited . ‘ o TEPRCERE L hsE « " melenium
BP = bandpass INCD ¢ = {ncandescent ‘ | ’ ¢ BFEST = sectlon(s) .
: ' BRS:. = brass INCL . include(s) - '0BD S nrderbydeuripltnn “. SEMICON = semlconductor
BWO . = backward wave oscll!utur s om tnsulaticnled) . QH v« gval head .. . 8T -+ Nilicon : N
cow : INT » juternal © ¢ X = oxide SIL = “allver .
¥ counter-c ncltwlnc . e : T ‘ EL = allde - -
CER = ceramle - K ; . k!lor o ' syt © SPG = mpring h
Vb CMO = cabinet mount mly LH S = left hand P = penk R ', 8PL » " gpecial :
v COEF  + coelficient ' LIN = lnear taper PC "= printed gircult, .~ 88T .- .= stalnless steel o
R 1. COM = common LKWAEI! = lock washer PF = picofarads = 10 ‘SR . i split ring. . ’
L | coMp « campasttion oG, = logarithmlc taper ) farads 3 S TBTL Y e steel] R
o COMPL = complete LPF = low pass fliter . PHBRZ » phnaphnr broaze -, . ) . .
v ¢ . ) . . TA = amtalum ' 5
CONN . connector . M o e millie 10-3 PHL © Prllllps -, o p - ' Hme dela : Lo
" ooep = cadmium plate i ) , - PIV = peak lnunevnltasu ) ;. Hime delay
07y’ CRT * = cathode-ray tube MEG g o mesx 108 PNP. = poritive-negath 3-SR i
T oW = clockwise ' . MET FLM = metal ftim o P ltlye TECHYET L, UTHD - e thread
. = METOX = metallle oxide P/O = bamtof T e tiarium o
o DEPC = depecajted carbon MFR = mamdacturer POLY" . pai : . ‘o TOL U ACIeFARGE . “ S
S DR - e drive MINAT = miniature PORC ~ = gr’:e?l';;“ T TRIM = trimmer. o ’
L " ELECT = eleetrolytic . MeM -, momentary , POS = positionts) (TWTL! x traveling wave fube |
‘ : ENCAP » encapsulated : ' MY : ﬁ:u?“'}.g o - POT u  potestlometer lU . . ' . lD'ﬂ -
. EXT = external ylar. - PP = peak-to-peak S micro !
v ! ' ' . S . -
P F. wi farads N 7 '« nano (10- ] oy PT o= palnt U VAR variable
: T « flathead " - ) N/C e normally cloued WY » peak working voltage yoow * de wnrl:lng vnlu . . N
L FILH = fillister heat @ NE « neon C WL = with o
L FXD = fixed. NIPL -~ nickelplate . ° .} RECT = rectifter W e watts co
! , N/O =, norimally open " RF .'? »  radio frequency wiv = working inverse" R
L GE | | = germanium . NPO , = negative positive zero  RH ;)" = round head or voltage
_df GL . |+ glass e (tero temperature " 'right hand ww = wirewound .;
i GRD . = ground(ed) ' coefficient) RMO = rack mount nnly w/0 »  without ' :
- YR S : i .
S , t R j . 4-1
J - : i ' : :
b o s T : i .
- Uy , y ol . .




‘Section IV , ! Model 5245L -
Table 4-1 } ’ i " . ) |
‘ “Table 4-1. Reterénce-Desigxmuon Index K
&eégﬁ?f& ® Stock No. ' ! Description # Note
at | . | os2u5-60186 suchu ASSYATTENUATORCPART . oF w2)
AlCI | 0160-2262 CIFXD CER 16 PF 5% 5Q0VDCW
AlC2 0160-2260 CIFXD CER 13 PF 5% 500VDCYW i
AlC3 0150-0065 - CIFXD CER 0.001 UF. +100-20% soovncw
AlCY 0160-2550 | CIFXD CER 1.0 PF S0QVOCW |
AlCS 0160-2248 | CIFXD CER 4.3 PF 500VDCW -
Alce | omo-0169 | 'ciFxp MicA 100 FF S S00VDCW
AIET. 0150-0115 CIFXD CER 27 PF 108 5S00VDCw
AICRL © 1610-0016 SEMICON DEVICE tDIODE GERMANIUM .
ALCR2 1910-0016 DIOCEIGERMANIUM 100MA AT O,B5V 6OPIV
ALCR3 1910-0016 - SEMICON DEVICE sDIODE GERMANIUM
ALCRE 1910-001¢ SEMICON DEVICESDIODE GERMANIUM
AICRS - 1510-0016 SEMICON, DEVICE $DIODE GERNANIUM
AlLL 9100~0345 COILSFXD 6.05 UH 20%
AN2 9100-0346 TOILIFXD .05 UH 20% .
AIRY - | ose3-2245 'RIFXD COMP 220K OHM 5% 1/4w.
AIR2 '|0757-0304 RIFXD MET FLM | MEGOHM 1% 1/4W
AIRS 0757-0368 RIFXD MET FLM 34 OHM 1%, 1/8W.
ARG © . | 0757-0368 REFXG MEY.FAM.38 OHM 1% 1/8W. .
AIRS . 0757-0972 RIFXD MET FLM 10GK OWM 28 1/6N .
AIR6 0686~1055 RIFXD-CONP | MEGOHM 5% 1/2w
AIR? 0757-0350 RIFX0 MET FLM 909K OHM 1R 1/4W
ALRS ., 0757-0072 RIEXD MET FLM 100K 'OHM 28° 1/8W-
AlR9 R : NOT ASSIGNED = -
AIRLG ", 0757-0946 - RIFXD MET.FLM 10K OHM 2%’ 1/5»
AIRLL 2100-1924 RIVAR conp 5K oh 208 1/5* N ‘
‘A1sy '3100-2036,"” SRITCHEIRGYARY .~ " .,
Als2 : NSR PART OF R1l
T TIME BASE' ,
a2 o o SWITCH ASSY(PART OF w2)
‘A2c1 75“'_f-"oiso-ox 2 _c:Fxo ¢ER 2000PF 208 soovocw
2R} ";oeaa-lousﬁ-' |:R¥Fx0 comp 100k oHM s taw
A251 ‘3100-2029.‘ SUITCHIROTARY oo
A3 _ y SHITCH ASSY tFUNCTIONCPART, OF W2)
A1, .. | 0883-2025 .. [ RtFXD COMP. 2000 OHM 5% i/uW
a2 - [ 06832025 RIFXD COMP 2000 OWM 5% 1/u
a1 '3100-187% - | SWITCHEROYARY 6 SECT 10 POSITION
Ay 5245L-198 | ASSYTMODE SWITCH
A4CL 0150-0095 c:pxu CER o.oxur +ao-zo xoovncu
1 1 - s 1
AURY | 0633-102:: : '.Rlqu comp moo OHHS 53 174w
Ausy 0 3100-0359 ‘ SWITCHIROT x-sscr 3-POS HP SPEC
J- . \ ‘
‘ ' = Bee list of abbrevialions in introduction to this section
42 ;
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' Model 5245L , Section IV
B Table 4-1
Table 4-1, Reference Designation Index (Cont'd)
&fﬁ&“ﬁn & Stock No. Description # - Note
AS 5248194 ASSYIOUTPUT SWITCH
ASCL 0170-0094 CIFXD HY ©.047UF 20% SOVOCH
ASC2 0170-0094 CIFXD MY @.047UF 20% SOVDCW
[ ascrL 19100016 SEMICON DEVICE1DIODE GERMANIUM
| aset 1850-0062 TRANSISTORIGERMANIUM =
ASRL 0683-3315 RIFXD COMP 330 OMMS SX )/tiw ,
ASR2 06B3-4335 "RIFXD COMP 43K QWM 5% L/uW
ASR3 0683-1025 RIFXDICOMP 1000 OHMS 5% 1/0W
ASRE 0683~i025 REIFXD«COMP 1000 OHMS 5% L/4W
ASRS 0£83-6225 RIFXO COMP 6200 OHMS S% 1/uW
ASEL 3100-0390 SWITCHIROY. Z=SECT 9=-POS MP SPEC
A 524 3A=-65L ASSYtRECTIFIER
5243A-65L-1 BOARDIBLANK P,C.
‘AsC1 0170-0040 CIFXD MY .04T UF 108 200VDCW
ABCO 0160-0314 CIFXD MY 0401 UF 5% 400VDCW -
s 0180-0314 CIFXD MY .0.01 UF 5% 40OVDCW
A6CH 0170~0040 | C1FXD MY 2047 UF 0% 200VDCW
AGCRL 18010028 SEMICON DEVICE:DIODE.SI 750 mA 400 PIV ,
AGCR2 1801-0028 SEMICON DEVICE:DIODE SI 750 mA 400 PIV ,
AGCRI *1901.0028 SEMICON DEVICE:DIODE 5) 760 mA 400 PIV
AGCAS 1901.0028 . SEMICON DEVICE:DIODE S1 750 mA 400 PIV
AGCRS 19010029 - SEMICON DEVICE:DIODE SI 750 mA 600 PIV
ASCRS | 18010028 . | SEMICON DEVICE:DIODE Si 750 mA 600 PIV
AsCRY) 1801.0029 : | SEMICON DEVICE:DIODE S| 750 mA 600 PIV
ABCRE 1801.0028, 'SEMICON DEVICE:DIODE SI 760 mA 600 PIV
ASCRY 18010028 SEMICON DEVICE:DIODE S 760 mA 400 PIV
ASCR10 19010028 SEMICON DEVICE:DIODE SI 750 mA 400 PIV
AGCRL 1901.0028 - SEMICON DEVICE:DIODE St 750 mA 400 PIV
ASCR12 1501-0028 SEMICON DEVICE:DIODE 'S 750 mA 400 PIV
ASCR:3 19010028 SEMICON DEVICE:DIODE S| 750 mA 400 PIV
AGCR14 10010028 SEMICCN