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Eldorado instruments are warranted during a period of one year from date of
shipment to or:iginal purchaser to be free from defects in nraterial and workman-
ship. The liability of Eldorado under this warranty is limited to replacing or
repairing any instrument or component thereof which is returned by Buyer and
has not been subjected to misuse, neglect, improper installation, repair,
alteration, or accident. Eldorado shall have the right of final determination as
to the existence and cause of a defect. In no event shall Eldorado be liable for
collateral or consequential damages. In order to expedite the rapid turnaround
of your unit, please obtain a Returned Material Authorization (RMA) number by
contacting the Customer Service Department. In all correspondence or telephone
calls, a model number and serial number is required. Address all correspon-
dencg to Customer Service Department, Eldorado Electrodata Corporation,
60L Chalomar Road, Concord, California 94520, Phone (415) 686-4200,
TWX 910-481-9476.

The instrument should be shipped prepaid with the return form attached to the
packing container. When the instrument is repaired it will be returned to you
best way prepaid.

This warranty is in lieu of any other warranty, express, implied, or statutory,
and no agreement extending or modifying it will be binding upon Eldorado unless
in writing and signed by a duly authorized officer.

RECEIVING INSPECTION

Every Eldorado instrument is carefully inspected and is in perfect working order
at the time of shipment. Each instrument should be checked as soon as received.
If the instrument is damaged in any way or fails to operate, a claim should
immediately be filed with the transportation company. In any case where damage
occurs in transit with the instrument in packing case, Eldorado's obligations
under warranty are dependent on the customerrs immediately notifying the carrier
so that inspection can be made and a claim filed.

REPAIR SERVICE

Experienced service personnel and special test equipment are available at the
factory to perform any necessary repairs. Every effort will be made to expedite
the repair of instruments returned for servicing. Repair work will be performed
only upon receipt of a written purchase order or authorization. Utilize the same
procedure for returning an instrument for service as for warranty return. After
receipt of the unit the Customer Service Department will issue a quotation of
repair costs for your approval.
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MoDEr,s 1615 - 1650

Input A Schematic C-11-05491; C-11-05403.
Delete L102 and L106 and replace each with a jumper.
De1ete CR109 and RL14.
CR113 is an X component and can be either a 1N695 diode, a 10 ohm resistor or
or short circuit.
Change C106 from 15 pF to 27 PF.
Cbange R102 from 1020 to 820.
Change R103 from 4300 to 330Q.
Change R109 from 270Q to 220A.
Change R113 from 62O to 820.
Chanle R123 from 8200 to 560ft

Count Cbain Schematic D-11-05493:
Return R223 (emitter circuit of Q216/q2J7l to +12 volts not to -LZ volts as shown..

Control and Time Base Iogic D-11-05495; D-11-05494
Cbange R10 from 3.9k to 3.3k.
Change CR? from 1N695 to 1N3605.

MODEL 1650 ONLY

To improve the input sensitivity of the C channel to 100 mV across the band from 50 MHz
to 500 MHz the following changes have been made to the 500 MHz hescaler circuits.

500 MHz Prescaler Schematic D-11-05406.
Change CRL from FD700 to HPA2900.
Change Ql from 2N31.3? to 2N3563.
Change R"3 from 56Q to 430t1L/2 watt.
Change R6 from 390Oto 750A1/2 watt.
Change the Channel C Sensitivity Specification on Page 1-3 to

L00 mV rms from 50 MHz to 500 MHz.
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ADDENDUM
OPTION K

Option K provides increased sensitivity and is lirrthcr broken down into iive catagories.
_ Option K,Kl, K2,K3 and K4. The {ollowing tahle clcl'ines thc charactcristics ol each option.
l'
Ii oprtox r olrTION K1

r=
I

MODEL 1605,1607
Sensitivity: 5 mV rms
Range: DC - 100 kHz
Channel: A
Overload: 1V rms
Maximum [nput: *2V rms
hput Impedance: 50kQ
Controls: Switch selectable, rear panel.

*OPTION K2
MODEL 161_5,1650

MODIIl, 1(i1l-r, 16110

Sensitivity: 35-50 mV rms
Range: 20 Hz - 136 MHz

(1-36 MHz - 200 MHz 100 mV rms)
Channel: A
Overload: 10V rms 20 Hz - 500 Hz

5V rms 500 Hz - 200 MHz
Maximum Input: 20 Hz - 500 Hz, 100V rms

500 Hz - 200 MHz, 10V rms
Input Impedance: 1 MO
Controls: Sensitivity control, front panel.
Visual Display: May cause a L to appear

in the least significant digit
with no input signal applied.
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Sensitivity: 50 mV rms
Range: 1 kHz - 200 MHz
Channel: A
Overload: 300 mV rms
Maximum hrput: 2.2V rms (+20 dBm)
Drput Impedance: 50O
Controls: Automatic

- *OPTION K4
i 

-eEl_-E- 
^1 MODEL 1650

Sensitiviff: 10 mV rms
Range: 25 N'IHz - 500 MHz
Channel: C
Overload: 250 mV rms
Maximum [rput: 2.2V rms (+20 dBm)
Input Impedance: 509
Controls: Automatic

Options K2, Kg and K4 are exclusive, however both Option K1 and K4 may be installed
in one instrument.

K = Standard Eldorado amplifier, see schematic in manual.

Kl = Standard Eldorado amplifier, modified to specified freqtiency,
see schematic in manual.

K2 = Contains 1 each Eldorado High Gain Amplifier, see s(iliLii.rralic in rnlrnuirl.

K3 = Contains 1 each Eldorado High Gain Arnplifier, see schematic: i;r ynanual.

K4 = Contains 1 each Eldorado High Gain Amp-ifier, see sche,,,ri,-,r: ir1 rnrmu;rJ

-When 
K2,KB or K4 are installr:d, input levels to-300 mV for K2 and I(3 or 250:nV ior 1i4, 'r

I accepted. tnputs >400 mV for Kl and KB and 300 mV for K4, :r:'iplied to the ampiilier'r,.ry .;u:.jr-' frr,luency doubling restrltiug itt erroneous readings. If the inpu'i sigrral exceecis 25v andiar
30t) mV1 qoT" methuil of attenuation should be used.

When Option K1 is supplied, a I in the first digit (LSD) may be present wlien no ireqr.rency is
applied.

XOPTION K3
MODEL 1615,1650

Sensitivity: 10 mV rms
Range: 1 kHz - 200 MHz
Channel: A
Overload: 300 mV rms
Maximum Iinput: 2.2V rms (+20 dBm)
Input Impedance: 50Q
Controls: Automatic
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PRELiMINARY

FEDERA L COMMUNICATIONS COMMISSION SUPPLEMENT

SCOPE:

Measurement techniques for Eldorado FCC-type approved frequency monitoring
devices in commercial AM and FM broadcast stations.

GENERAL:

The use of instrumentation approved by the ncc atftequency monitors for
commerciat AM and FM broadeast equipment * n"blt is not sufficient. Required in
addition to type approval is the implementing of the {,roner measurement techniques
to ensure accuracy of measurements as requireO fy lne FCC. Because of the wide
variations in transmitting and receiving equipment as presently being used in the
broadcast industry this supplement cannot discuss all of the possible variations in the
application of this equipment as a frequency monitoring instrument. The following
outline suggests generally accepted proper measurement techniques. It is assumed
that technically competent users will be in operation of this equipment, therefore a
detailed discussion of how and why a frequency counter works is not incorporated in
this addendum. Technical information on this level is ineorporated in the basic text
of the associated technical manual.

SAMPLING POINTS AND CAUTIONS:

Frequency and test points are provided by the manufacturer of the transmitting or
receiving equipment (refer to the equipment manual). A caution to be offered at this
point is to ensure that (1) the input signal to the counter is of sufficient level as
defined in the specifications section of this manual to allow accrurate measurements
a,rd (2) a completely opposife consideration to observe is that this input level does not
exceed the capabilities of fhe input circuitry of the frequency monitoring device. Harm
to both personnel and eqqipment could result if a high level voltage or RF is applicd. If
high level voltage or RF radiation is present, an inductive pick up with a DC blocl<ing
capacitor is an accepted method of sampling l.he frequency. It is generalll.not aclvisable
to DC couple the RF source to the frequenc."' counter. working in a low lI)\\,cr osr:illator.
-scction of a -"ansmitter, a direct connection coulcl load the cirr:uit ancl jnar:,,..,rtr;nt1.v

cause a frequeney shi,ft. Thp output from the frequenr:1, 616u}11ing oi. bufl'cr'st;rgc is thc
re('ommended point to mo4ifpr the frequency. Normally suf iir:ient sig,:rzii is availablc at
this stage to make accuTate measurements and a buffer situation exists iretu,een thc
doubler ant'l the primary oecillator. under no circumstances should ;r fr.ccltierrcy

j

J



monitoring device of this type be directly conncctccl to the powcr ampli{'icr output

stage or at the base of the radiating antenna, unless proper safeguards are observed

to block the high level voltages and RF energy. Frequency monitors should be

connected to the sampler output from the appropriate stage of the transmitter. This

monitoring point should be operating on the nominal channel frequency, rather than

a submultiple of that frequency.

To prevent erroneous readings the input signals applied to the frequency counter

must be of the carrier frequency only at a stage prior to injection of the modulating

frequency. Since digital frequency counters count input events they cannot discrimi-

nate between CW inputs and MCW inputs. During the period the counter is gated on

(gate time) all input signals are counted by the count circuits ancl ultimatelv <lisplayecl

as the input frequency. [f the input contains both the carrier frequenc.y and the modu-

lation frequency the counter will count the resultant signal (IUCW) rather than the

desired CW signal. Therefore, all carriers frequencies should be monitored with

zero modulation or at a point prior to modulation injection.

WARM_UP REQUIREMENTS:

Beforq accurate measurements can be made both the RF source to be measured and

the frqquency monitor have to warm up and stabilize.

The warm up to stabilize time required by the RF source to be monitored will be

detailed in that equipment manual. The Elclorado type-approved instruments require

a warrp up time of one hour from a cold start. ff the Eldorado Frequenc.y Counter

has been allowed to remain plugged into active AC mains, evcn when thc instrument

has been turned off, the proportional crystal oven has maintained a stabilizccl tempera-

ture, thus allowing accurate mt,asurements to be made within 20 minutes after initial

turn on. Because of all solid state construction, it is acceptable to allow the frequency

counter to remain on at all times.

CALIBRATION:

It is recommendecl that a 6 month schcdulccl calibration r:ycle be established to ensure

stability and accuracy of rcadings as required by the FCC. The governing accuracy

factor being the 1 MHz crystal controlled time trase. Ihis 7 MrHz crvstal oscillator
:hould be checked against a frequency standard with a stability ra'.ir14- better than thc

oscillator stability supplied in this instrument (normali5, five to ten times morc

accurate).
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IMTIAL TESTING OF: UNHEATED

.: I CRYSTAL OSCILLATORS
i: i (Non-Ovenized)

Extenslve tstHng of the aging rates of the unheated type crystal oscillators has recen6y

' !-&r-,.

._ beon cornplsted" BAscd on this research, verification of the published aging rate can be
accurahlJ daterninetl within a redtrced time interval. The following procedure will
validate the lnitiel agtng specifications.

, 1. ,At$sh a thermometer or temperature sensing device to the crystal
o8se.

Z. {ppty itrstnrrnent power for a twenty four hour period.

3. tr{easure the crystal's external temperature to within 1. c.

4. Measure the crystal oscillator's frequency to within 1 part in 107
(0.1H2).

5. After one weekts continuous operation again rneasure the crystal
temperature and output frequency

6. Thc two frequencies will be within 2 parts in 106 (z Hzl, taking into
cgnsideration a temperature coefficient of t 0. b x L0-6 /" C.

7 , The above test confirms the published osci1latc,,. specifications,



+a2

+ll

+lo

+9

+8

+7

+6

+5

+4
Fo-3

=a2l-
E,

o. I

o

-l

-2

-3

-4

t5

c&

?o2530354045
TIME IN MINUTES

Cl OPTION OSCILLATOR

COtD START TESTS

s
coL ) STA IT FR( H RO( T TEI IPERA URE (23'C)

cor ) STA IT AF 'ER 24 HOUF i REF IIGER' rloN (o"c)

r

230C OAT Z.5HG
-

)

-/

o"c OAT eaHrs

\J

50'55



:.

i

I

I

i-: The information necessary to complete this page appears on tbe serialized name plate
I

i ' located on the rear panel of the inetrumento .:
r-
I

I
I

nual is packaged wtth Model 1650 Serial Numberl-

I

The followlng options are incorporated into this ingtrument.
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Model 1650 Option D & E

OPTION D and E

HIGH STABILITY OSCILLATOR
t-
I

D.l INTRODUCTION

l-
I

Optlons D and E incorporate an oVen-heated high stability oscillator in place of the stan-
i- da,rd 1 MHz crystal oscillator. The output frequency of the oscillator is b MHz requiring

I

I

{

-I D.2 SPECIFICATIONTS OPTION D

- Intemal temperahrre controlled crystal oscillatorI 
Short Term Stability: 5 parts in 1010 (peak-to-peak) over a T minute period,

- Long Term: 2 parts in 109 per day after 48 hours continuous operation.
Temperahrre: 2 parts in to10 per " c (average) over a temperahrre range of

' u",r:J'l"llr""t; 10e of previous rrequency after 60 minures operation
follorving a 24 hour off time.

I D.3 SPECIFICATIOIS OPTION E
I

i-- lntemal ,u-Tr11"u 
"Y:Oed crystal oscillator.

short rerm stability: 5 parts in 1010 (peak-to-peak) over a ? minute period.
oi- 

;:r,:"tr"1 ;1J";'J;;ffIl:':?:HHH11X""ffiT'i**"
of 0o C to +50' C.a

I Retrace: :15 parts ri, 109 of previous frequency a{'t.cr 60 minutes operation
following a 24 hour off time.

-

D.4 OPEITATION ..;
' 

itl'

- When Option D or E oscillators are instaLied a,.lditional circuitc;, is recluirecl. See

I schematic C-1L-06115. The oscillator, ,:, 5 MHz crystal, is ri:*nted in an o ;jl ,ud

D-1



Model 1650

D.4 OPERATION (Continued)

Option D & E

wired to its own power supply and frequency divider PCB assembly. Oven power is pro-
vided by the zener regulated 26V supply. The transformer T1 is mounted on the Power

Transformer and connected across one of the primary windings. The 5 MHz outptrt (pin 5)

from the oscillator is routed tolthe frequency divider via pad 2 of the PCB and the driver
ampl.lfler Q4. The freqtre4cy divider consist of a J-K Flip-flop (an MC826P integrated

circuit) and a Dral J-K Fltp-f1o! (an MC891P integrated circtrit) wired in a divide-by-five
coufiguration. The 1 MHz output (pad 8) is coupled to the shaper amplifier circuit Qf /qz
of the time base and contrql logic circuitry (D-11-05494).

D.5 CALIBR"A,TION

Calibration of the D Option oscillator is similar to the standard oscillator calibration
procedure as outlined in Section 4 (para. 4.g.21. The 1 MHz frequency standard shotrld,

however, be at least five times the accuracy of the D Option oscillator. 
,*rE'
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Model 1650

D.6

Reference

c1

c2, g

c4

cRl
MC1

MC2

Q8

a4
Hl,5,7

R2

R6

T1

ZL

{<

*

Option D & E

I

I

I

I

i

I

I

I

I

l

I

I

I

I

l

l

I

PARTS LXST

Description

Divider PCB Assy.
Capacitor, Electrolytic
50 pF, 50 wvdc

Capacitor, Ceramic
.02 1.tF, 100 wvdc

Capaci.tor, Film
.01 pF, 50 wvdc

Diode

Integrated Circuit
J-K Flip-flop
Integrated Circuit
Dtral J-K Flip-ftop
Transistor NPN

Transistor NPN

Resistor, Fixed Carbon
6800, L/4W, |yo

Resistor, Fixed Carbon
LK, L /4W, |Vo

Resistor, Fixed Carbon
. 47DrJ, I/4W, SVo

Transformer

Rectifier
Oscillator, 5 MHz
Option D

Oscillator, b MHz
Option E

Mfr. No.

c-33-06108

T81307

TGS2O

65F-l04-103C

1N52544.

MC826P

MC891P

MJE52O

2N3646

c86815

c81025

cB47t5

P-8395

MDA92OA-2

1100-2

1100-1

Mfr.
EE

Sprague

Sprague

GE

Motorola

Motorola

Motorola

Motorola

Fairchild
AB

AB

AB

Stancor

Motorola

Austron

Austron

EE No.

046108

000298

000176

000163

oris+zs

000872

003480

003274

001731

001096

001098

001092

003679

003053

003119

003509

Qty.
1

1

2

1

1

1

1

1

1

3

1

1

1

1

1

1

* Not loeated on the Divider pCB

i
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INTRODUCTION AND SPECIFICATIONTS
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Model 1650 Section 1

SECTION 1.

INTRODUCTION

1. I GENENAL

The Model 1650 Frequency Counter i.s one of a line of integrated circuit, high perfor-
mance, digital counters developed by Eldorado Electrodata.

The Model 1650 provides wide coverage of the applications spectrum to include the

evergrowing communioations industry including Mobile Radio, VHF TV, Telemetry,

and FM Transmitters as well as low frequency, general laboratory and industrial
appltcations.

Multtple operating functtons provide for: Totalizing at 200 MHz counting rates. Fre-
quenoy measurement on two bands to 500 MHz and Multiple Frequenoy Batio measure-
ments, In the frequency mode selected gate times of 1 millisecond, 10 milliseconds,

0.1 second, 1 second, 10 seconds or 100 seconds provide resolutions from L kHz to
0. 01 Hz for A channel inputs or from 10 kHz to 0. 1 Hz for C channel inputs. In ratio
measurements the ratio of two frequencies is measured by the use of frequency B as

the time base input for the gate while frequency A is totalized. The setting of the Mode

switch determines the scaling factor of Frequency B from t03 through 108.

The Model 1650 has two frequency input channels which are switch selectable. Channel

A provides a frequency range from 20 Hz to 200 MHz with sensitivity from 100 milli-
volts rms to 50 volts rms and a gain control to select optimum trigger levels for dif-
ficult to measure or noisy signals. Channel C provides a prescaled input to the count

circuits with a frequency range from 50 MHz to 500 MHz and sensi.tivity of 1,00 milli-
volts rms to 1 volt rms. A third input, channel ts also located on the front panel,

provides the B input channel for ratio measurements.

The readout is displayed, in MHz for channel C inputs or kHz for channel A inputs, on

eight decades of in-line long life digital display indicators with autcinraticri:lv positioned
tlecimal points. Display time is variable from iess than 0. 1 second to approximately
10 seconds or can bc switched to an infinite display. Stored clisplay is fc:rtrrred with
updating automatically at the end of each measurement.
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Model 1650, Section,l

Optional features include three different internal 1 MHz crystal controlled oscillators

with improved accuracy characteristics 3 x 168 per week, 2 x IO'9 /day and 1 x 10-9/day,

a variety of BCD outputs to provide compatibtlity with may digitial recording devices,

and rack mounting hardware for mounting in a L9'r rack width

The Model 1650 package configuration provides such features as: small size, light
weigbt, portability, bench mounted wittr,convenient self tocking elevating bail, mgged

construction, i.ntegrated circuit reliabiltty, and front panel operation with a minimum

number of well defined operating controls.
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I Model 16bo Section L

SPECIFICATIOT{S

I FUNCTIONS Totalize - Frequency - Ratio.

- TOTALIZE MEASUREMENT
I tnput: A Channel.

l-- Maximum Count Displayed; r gS, SSe, SSO.
I

Maxtmum Countirrg Rate: 200 MHz.

I Count On: Continuously countsinputs until count off;

i- Count Qff: i Inhibits input.

Accuracy: i Absolute.
-i self Test: counts internal 1 MHz clock pulses.

. FBEQUENcY
l

- Input: A Charlnel.
.
i frequency Rarrge z Z0 Hz to 200 MHz.

Gate Times: I ms, 10 ms, 0. 1 s, 1.0 s, 10 s, and 100 s.
I
I

Visual Display: Reads in kHz with automatically positioned

t^ decimal point.
II A"curacy: * I count + oscillator stability.

I SeH Test: Measures 1 MHz internal reference oscillator
I

frequency

i Input: C Channel.
j

Frequency Range: b0 MHz to S00 MHz.
-
I Cate Times: 1ms, 10 ms, 0. 1s, 1.0 s, 10 s, and 100 s.

Visual Display: Reads in MHz with automatically pr,;ir roned
ii 4ecimal point.

i- Accuracy: * 10 count * oscillator stability (pruscaled).
I

I

I

I

I
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Model 1650

RATIO A/B

Inputs:

FrequencY Range:

A inPut:

B inPut:

Visual DisPlaY:

AccuracY:

INPUT CHANACTERI'STICS

Channel A:

FrequencY Range:

SensitivitY:

Dynamtc Rdnge:

Maximum InPut Without Damage:

Maximum OPerating InPut :

Coupli.ng:

Impedance:

Gain Control:

Connector:

Channel B:

FrequencY Range:

SensitivttY:

Maximum InPut:

Coupling:

Section 1

A and B Channels.

20 Hzto 200 MHz.

L0 Hzto 2 MHz.

Indicates + - 103 through 108 (1 ms - 100 s

Mode Switch settings).

+ 1 count of input A + trigger error of input

g/tr,tultiplier.

Frequency and Ratio numerator. Switch

selectable to either A channel or C charmel'

20 Hz to 200 MHz.

100 mV rms for sinewave inputs, 0' 3V peak

for positive or negatlve Pulse inputs (4 ns

minimum width).

Typically 40 dB.

100V rms.'

100V rmd.

ac.

> 1 megohm shunted bY 20 PF.

Variable control permits changing input sen-

sitivity from 1tl0 mV rms to 10V rms.

Front panel mou4ted BNC'

External Time Base Input and Ratio denominator'

L0 Hz to 2 *[Hz. '

tr.0V rms for sinewavc inputs, 1.5V peak for

positive pulses (250 ns minirnum width).

50V rms without damage.

tlc.
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-
i Channel B (continued)

7 Impedance: o 5k$l.
I

Switch Selection: Front panel slide switch must be in the Input

[ , B position.
I

Connector: Front panel mounted BNC

-i channel C:

Frequency Range: 50 MHz to 500 MHz prescales A input by 10.

gensitlvity: 100 mV rms.

l

Maximum Input Without Damage: bV rms.

,, Coupling: ac.

Inpedance: - b0O.

I Connector: Front panel mounted BNC. Prescales input

:- A by a factor of L0 (1 second time base pro-
vides L0 Hz resolutton).

I MIIz OSCILLATOR STABILITY

Agtng Rate after 30days operation: + 1 x 16-6/month.

-r Line Voltage:

,_ Signal Output:

l

* 2 x l0-5 over OoC to +b0oC range. (Total
4 x 10-5 over 0"C to +b0oC. )

* L x t0-6 for * LTVo change.

I MHz, ry2V rms; lk source. Available
at B Input connector when switched to Int.
Osc. position.

S, Ltch selectable. Front panel switch selbcts
either use of the internal oscillator or use of
an external osctllator. Signal applied to the
ts Channel Input. See Channel B input charac-
ter istics .

Front panel mounted BNC.

EXTERNAL OSCILI,ATOR

Connector:

l-5



Model 1650

NESET

Automatic:

Manual:

VISUAL DISPLAY

Numerical:

Gate:

Dtsplay Time:

Storage

POWER REQUIREMENTS

ET.TVIRONMENTAL

Operating:

Storage:

MECHANICAL

Dimensions:

Weight:

Section 1

After display time.

Front panel pushbutton.

Eight decades of in-line long life digital dis-
play indicators wtth automatically positioned

decimal potnt. Readings are in kHz or MHz.

Gate lamp indicates count gate open.

Continuously variable from less than 0.1 second

to approximately 10 seconds independent of gate

times. Display time control includes an infinite

display time position.

Display itorage holds readings between samples.

115Vac * L0%, 50-60 Hz or 230Vac + LO%, 50-60

Hz; selection of 115Vac or 230Vac provided by

minor circuit rewiring of the power transformer.

Power 50 watts.

0"C to +50oC.

-55"C to +80oC.

3. 5" x 8.4'r x 11rr (HxWxD) without bail.

6" x 8 .4't x 11" (HxWxD) with bail extended.

Net 8 lbs. Shipping 11 lbs.

1 each 3 to 2 prong cord adapter.

I each Technical Manual.

i

I

I
I

I

I
I

I
1

I

I

l

i

I

:_]
i

ACCESSORIES SUPPLIED
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Model 1650

OPTION C:

I

OPTION Cl:

OPTION D:

OPTION Dl:

OPTION E:

OPTION El:

OPTION K:

OPTION N:

OPTION P].:

OPTION R6:

OPTION R8:

Section 1

TABLE OF OPTIONS

Internal 1 MHz crystal oscillator. Available only with 115 Vac
operation. Provides oscillator stabtlity of :

Short Term: + ? x 10-p average per 10 second.perio4.
Long Term: * 3 x 10-d/-week after 45 days operation.
Temperature: + 5 x LO'9/"Cover tempeiature range of

ooC to +50oc.
Adds 14 watte to power consumption.

Same as C above except available only with.230 Vac operati.on.

Interna! 1 MHz crystal oscillator provides. osc. stability of
z x ro-9 /day.

Same as D above except available only with 230 Vac operation.

Internal L MHz erystal oscillator provides osc. stability of
1 x lo_g/day.

Same as E above except available only with 230 Vac operation.

Provides improved sensitivity to 200 MHz without rolloff capacitor;
separate channel input, switch selectable. See K option Addendum.

Provides Channel C overload protection; input line fused (120 mA).

Provides BCD output at rear panel connector. Positive true, positive
zone logic. Binary rr0?r = 0V nominal, binary trl'r - +5V nominal.
Source is DTL with Vcc at +5V with 2kO pullup.

Reset Inhibit: Negative inhibit is 0V or more negative. Release is
+1 to +5V or open circuit. Sink current is 3 mA @ OV; a diode
clamps negative levbls to ground through 100Q.

Positive inhibit is +2.5V to 15V into 2k0 . Release is 0V or
open circuit.

Print Command: Positive going step at the end of the count cycle
from 0V to +5V nominal with rise time less than 1 microsecond.
Source is either saturated transistor to ground ("0") or saturated
transistor to +5V ("1tt). Series resistance 1004.

Conncctor: Amphenol 50 pin #57-40500.

Provides rack rnounting hardware for mounting in a 19'r rack width.

Provides rack mountipg hardware for 2 instruments side by side in
a 19'r rack width.

r-7
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' Model 1650 Sectton 2

I

SECTION 2

INSTALLATION AND OPERATION

1

I

l

2.L GENER.A,L

Thls section describes Incoming Inspection, Installation, and Operation of the Model

1650 Frequency Counter.

2.2 INCOMING ITIISPECTION

Prior to packagirrg for shipment, this instrument received extensive operational, align-

- Upgn reoeipt a visual inspection for damage lncurred in shipment, and an tnventory

of the package contents as listed on the packing slip should be made. If the instnrment
has been damaged, notify carrier immediately (see Warranty).

2,2.L Incoming Operational Check

The following procedure outltnes an overall operational check of the instrument. No

special test equipment or tools are needed.

a. Connect the instnrment to the proper ac power source.

b. Place the Power ON/OFF switch to the ON position.

c. Position the Display potentiometer at a mininlum setting.
d. Place the osciliator selector switch to the Internal oscillator position.

g. Place the Mode switch to the Count Off positioh.

h. Place the Mode switch to the Count A position and observe the display.
Count will accumulate.

00001000. *

0001000. 0. *

k. Place the Mode switch tu the 0. 1 s position. Observe the display reads
001000. 00. *

1. Place the Mode switch to the 1 s position. observe the display reads

01000. 000. *
* + 1 count

:-r 2-L
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.-l

m. place the Mode switch to the 10 s position. Observe the display reads 
,

1000.0000. *

n. Place the Mode switch to the 100 s position. Observe the display rea.ds 
_l

l

000. 00000. *

o. Place the Input A Input C selector switch to the Input C position. -
p. Return the Mode switch to the 1 ms position. Observe the display reads

000010.00 --l

e, Place the Mode switch to the 10 ms position. Observe the di.splay reads !

00010.000. -.
r. place the Mode switch to the 0. 1 s position. Observe the display rea.ds '

0010.0000.

s.P1acetheModeswitchtothe1sposition.observethedisp1ayreads
I

010.00000.

t. Place the Mode switch to the 10 s position. Observe the display reads -
10. 000000.

u. Place the Mode switch to the 100 s position. Observ'e the display reads -

0. 0000000.

v. Return the Mode switch to the 1 s position and vary the Display Time

Control. Observe the gate lamp. Display Time, gate lamp off should -

vary from < 0. 1 second to o 10 seconds.

\tr. This completes the operational check.

2.3 INSTALLATION

The Model 1650 is shipped for bench mounting with a self locking elevating bail installed. -,
Only connection to the ac power and signal input cables are required for installation. l

2. 4 OPE RATION

Operation after initial installation is by front panel controls and switcht's, A complete

description of each control is supplied in Table 2-1.

2-2



Model 1650

CONTROL

POWER

DISIPLAY Two controls

Time

Reset

TABLE 2-1

MODEL 1650 FREQUENCY COUNTER

OPERATING COI.ITROLS

Section 2

l-

r
l

FUNCTION

Power ON/OFF slide switch.

Display time potentiometer and switch. Varies

display time from less than 0. 1 second to approx-

imately 10 seconds, instrtnnent is automatically

reset at the end of the display time. Also, in
the full clockwise position, swi.tch is activated

providing an infinite display time and inhibiting
the automatic reset function.

Manual reset pushbutton. Overrides all controls

and resets the instnrment.

EXT OSC . RATrO A/B
B Chawrel Controls

Input B ' L MHz Out BNC connector allows monitoring of the inter-
nal reference oscillator or injection of: an

external reference oscillator, or Ratio input

signals.

Input B : Int. Osc. Slide switch selects either use of the internal
oscillator (BNC output = 1 MHz) or use of an

external oscillator or Ratio B inputs.

-- FREQ C . COUNTA. FREQ A. RATTOA/B

Input C C channel input BNC connector. 509impe-

i dance ac coupled.

Input A . Input C Channel selector slide switch. Seltcls o[)eriL-

tinq channel and positions decimal poinl.
^ 

- 
. 
*^":^ 

.'_: '""'"::'Provides for kHz readings in the A channel

position and MHz readings in the C channel7 
position.

2_3



Model 1650

FnEQC.COUNTA

Gain A

FREQ A .

Norrn . Test

Input A

FREQ A (kHz) . FREQ C (MHz)

Mode Switch

Section 2

RATIO A/g (Continued)

Channel A input sensitivity control provides

variable trigger level from 100 mV rms to
10V rms.

Self Test slide switch. Couples internal 1 MHz

clock to the A channel input to permit self
test of the Frequency and Count functions.

A channel input BNC connector. lMQ impe-

dance ac coupled.

Eight position rotary switch programs instnr-
ment to a mode of operation.

Provides for:

Count A/Count Off. Places instnrment in

Totalizer Mode. Count A provides continuous

accumulation of input A signals. Count Off

inhibits the input circuits.

1 ms. Time base setting for frequency mea-

surements. Provides for 1 kHz resolution of

input A signals or 10 kHz resolution of i.nput

C signals, also controls decimal point location.

10 ms. Time base setting for frequency mea-

surements. Provides for 100 Hz resolution of

input A signals or 1 kHz resolution of input C

signals, also controls decimal point locations.

0.1 s" Time base setting for frequency mea-

surements. Provides for l0 Hz resolution of

input A signals or 100 Hz resolution of input

C signals, also controls decimal point location.

I s. Time base setting for frequency measurc-

ments. Provides for I Hz resolution of input

A signals or 10 Hz resolution of input C signals

also controls decimal point location.

2-4
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Model 1650

FnEQ A GIIz) . FBEQ C (Mnz)

GATE

VITIUAL DIfIPI,AY

Section 2

(Continued)

' 10 s. Time base setting for frequency mea-
surements. Provides for 0.1 Hz resolution
of input A signals or 1 Hz resolution of input
C signals, also controls decimal point locaflon.

100 s. Time Base setting for frequency mea-
surements. Provides for 0.01 Hz resolution
of inprt A signals or 0.1 Hz resolution of input
C signals, also controls declmal point location.

Gate indicator lamp. Provides front panel

display of gate open time. : l

I

Provides etght decades of in-llne dtgital dts-
play indtcators with declmal point. Dtsplay
reads in kHz or MHz as a function of the chan-
nel seleoted.

s
i-
l

f
l

I
I

I

i-
I

I
I
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I
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Model 1650 Section 2

TABLE 2-2

DIGITAL OUTPUT CONNECTOR WIRING

PIN NO.

26
27
28
29
30
31
32
33
34
35
36
g7

38
39
40
4l
42
43
M
45
46
47
48
49
50

NCITES:

t tOO is least significant digit and appears as the digit farthest the right.

2. Binary Data Word. 1-2-4-8 BCD, positive true positive zone. Binary rr0r' - 0V
nominal, binary rrlrr - +5V nominal. Source is DTL with Vcc at +5V with 2k
pullup.

3. Decimal Point and Legend - One digit each, L-2-4-8 BCD, binary tr0" = 0V nominal,
binary rtlrt = +5V nominal. Output resistance is 2k

4. Print Command - Positive going step at the end of the count cycle from 0V to +5V
nominal with rise time less than 1 microsecond. Source is either saturated tran-
sistor to ground (rt0") or saturated transistor to +5V ("1"). Series resistance 100

5. Reset Inhibit - Negative inhibit is 0V or more negative. Release is +1 to +5V or
open circuit. Sink current is 3 mA @ OV; a diode clamps negative levels to
ground through 100

Positive inhibit is +2.5V to 15V into 2k Release is 0V or open circuit.
6. Ortput connector is Amphenol 57-,10500; mating connector is Amphenol 5?-30500.

7. Printer Format - Standard LDXXXXXXXX:
L = Legend

l=
D = Decimal Potnt, position from right.

I

l

l

-'--

I

-l

1

l

I'IN
1
2
3
4
5
6
7
I
I

10
11
L2
13
L4
15
16
L7
18
19
20
2L
22
2g
24
25

NO. FUNCTION

ro9 r tit
too e btt
101 1 bit
101 2 bit
102 1 btt
1.o1' 2 bit
10' 1 bit
103 z bit
104 1 bit
to4 z bit
105 1 bit
105 z btt
106 1 bit
1oo 2 bit
107 1 bit
107 2 bit
Decimal 1 bit
Decimal 2 bit
Legend 1 bit
Legend 2 bit
NC
+ Inhibit
+ Print Command
0V Reference
+5V (high referencel

FUNCTION

10q 4 bir
100 8 bit
101 4 bit
101 8 bit
102 4 bit
103 8 bit
10" 4 bit
103 8 bit
104 4 bit
104 8 bit
105 4 bit
105 8 bit
106 4 bit
106 8 bit
107 4 bit
107 8 bit
Decimal 4 bit
Decimal 8 bit
Legend 4 bit
Legend 8 bit
NC
- Inhibit
NC
NC
Ground

I

L
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Model 1650 Section 3

SECTION 3

THEORY OF OPENATION

3. 1 GENERAL

This section of the manual describes the Model 1650 Frequency Counter theory of
operation on a block diagram level.

The Model 1650 Frequency Counter is designed to perform frequency measurements,
on two bands, to 500 MHz, with time base selections of 1 ms through 100 seeonds in
decade steps, and to perform totalizing of random events at rates to 200 MHz. Opera-

tlon in elther the Count Mode or Frequency Mode is controlled by the front panel Mode

switch and the Input Chaanel swltch. Frequency measurements from 50 MHz to 500 MHz

are made uslng the C input. Ratio measurements are also possible in the Frequency
Modes (A channel)whenan external signal is applied to the Input B (external oscillator)
connector.

The visual display is presented on eight in-line digital display indicators with automatic

decimal point for a reading in kHz for A channel inputs and MHz for C channel inputs.
Stored display is featured with updating, once per measurement, accomplished by a
store command pulse. Display Time, independent of gate time, is variable from 0.1
second to 10 seconds with a switched infinite position. Reset is automatic and produced

by the trailing edge of the display time pulse. In the infinite display setting automatic
reset is not produced and the instrument requires a manually generated reset trigger.

A simplified block diagram is shown on Figure 3-1, for more detailed circuit description
and identification of circuit components refer to the respective schematics. As shown

onFigure3-1 the Model 1650 consist of: The Input Circuits, the Time Base ancl Control
Circuits and the Count Chain Circuits.

The input circuits contain separate A and C channel ampliliers. The C ehannel input
amplifier and prescaler operate over tl-.,r frequency range of 50 MHz to 500 MHz with a

dynamic sensitivity range of 100 mV rms to 1V rms. The C channel input circuits con-
sist of : a wide band RF amplifier, a bi-quinary scaler and an output shaper amplifier.

I

l

I

I

I

BLOCK DIAGNAM3.2

i

I

I

i

I
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Model 1650 Section 3

The A channel input circuits consists of a high gain, wide band frequency amplifier.

Inputs from 20 Hz Lo 200 MHz over a dynamic sensitivity range of 100 mV rms to 10V

rms are readily accepted. A unique combination of input attenuators, variable gain

control, and frequency compensation provide for wide band amplification with high

noise rejection capability.

The time base and control circuits develop the time base gates, 1 ms through 100 sec-

onds, for frequency measurements; gate control for count measurements; the store

command; print command and automatic reset signals.

The count chain circuits perform: counting of the tnput signal, storage, and converting

it to decimal data for display on the visual digital display indicators.

9.2.L Circuit Operation

Operation is in two basic modes, i. e. , Count or Frequency. A third mode of operation

is the Ratio Mode which is similar to opeXating in the Frequency Mode. In either mode

of operation, count signal flow through the Input Circuits is controlled (gated) by the

Start Stop Flip-flop in the Control Logic. In the rtOount Mode'r this gate is manually

produced by manipulation of the Mode switch. In the Count A position the Start Stop

Flip-flop is set (gate on) and in the Count Off position the flip-flop is reset (gate off).

In the Frequency Modes the gate i.s automatically controlled by the time base counter

circuits. The input circuits are gated on 4t Start ttme and off at Stop timb. At Stop

time the BCD data is transferred to the storage circuits, decoded and coupled to the

visual display indicators. The display ti.mer is enabled and at the end of the display

time, reset is automatically generated. Unless placed in the infinite display setting,

a new measurement cycle is automatically initiated with the reset signal.

g.2.2 A Input Circuit Operation (see l4put A Schematic C-11-05403)

The A input trigger amplifier consists of : The input attenuators and limiter network;

the wide band input amplifier stage; the shaper amplifiers and count chain driver and

the gate circuits.

Input signals are coupled to Q101, the input FET amplifier, via the input attenuator and

gain control network. The gain control potentiometer R127, functions as a voltage

divider for the attenuator network bias control. The input signal is developed across

the variable impedance produced by the relative conduction state of the attenuator diode

CR103 and CR104. Increasing the conduction of the attenuator diodes reduces the load

I

I
I

1

I
I

I

I

i

I

I
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Model 1650 Section 3

impedance and thus increases the attenuation. Dual attenuation with both high and low
frequency compensation provides a more uniform flat response over the entire band.
The attenuator network performs the dual function of gain control and limiting, thus
preventing overdriving of the input amplifier. Less than unity gain is realized with
timiting (due to CR10B and CR104) occuring at A.7 volts.

The input FET Q101 and amplifier stages Ql02, Ql03 and el04 function as a wide band
amplifier with an overall gain of ten. DC feedback coupled through e111 compensates
for any temperature drifts experienced in the amplifier. e111 is a comparator stage
and monitors the output of Q104. Q111's output is filtered by the frequency bypassing
action of C112, 113 and L14. Both high and low frequency compensation is employed
to provide a flat response over the entire band.

Q104's output is coupled to the dual schmitt trigger shaper stages e105-e10g. Opera-
tion of Q105, 106 i.s controlled by the gate signal applied to the gate switch e110. During
gate on time Q110 is turned off which allows the schmitt trigger to operate. At gate
off time Ql10 is turned on thereby gating off the schmitt trigger stage.

The output from the shaper circuits is coupled to the emitter follower ring driver am-
plifier Q109. Q109 performs the dual function of producing the count signal to the
count chain and setting the quinary ring bias level. RI0b the ring counter level adjust
is set to provide optimum triggering of the ring counter for all count ranges.

R105 should not require acljustment and normally should not be adjusted in the field.
A rough alignment of R105 can be obtained by making note of the position of R10S at
20 Hz and 200 MHz that allows the counter to operate correctly at both frequencies
for the same adjustment setting.

3' 2' 3 C Input Circuit Cperation (see 500 MHz Prescaler Schematic D-11-05406).
The C channel input signal is amplified by Ql, Q2 and QS, a broadband amplifier hlving
a gain of approximately 3 and an input impedance of 50 ohms. Transistorel is connected
in a grounded base configuration with R2 rn parallel with C2 establishin-:. the 50 ohm im-
pedance' Transformer Tl has a curldrlt gain of 2:1 and drives e2; transformcr .I'2, 

als<t
with a 2:1 current gain driver Q3. Transistor Q3 is a current s;witch that turns tunnel
diode CR3 on and off. CRB is analr io a schmitt trigger, its purpose being to sharpen
the leading edge of the input signai ant, *rve gooo triggering action. The signal appearing
across cR3 is differentiated b5r Jll5 aricl Ll and triggers the tunnel diode binary CR2 and
4 through Rl3.

I

I
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Model 1650 Section 3

The hrnnel diode binary stage consists of CR2, CR4, L2, RL4 and R18. Bias on the

diodes causes one to be in the high voltage state and the other to be in the low voltage

state. Current through inductor L2 flows through the diode in the low voltage state.

When a pulse occurs across CR^3, one diode switches so that both are in the low vol-

tage state. At the end of the trigger pulse, the current flowing in L2 will cause a

larger current to flow through the diode that was originally in the low voltage state,

causing tt to switch to the high voltage state. The circuit thus sets as a binary stage.

Transistors Q4 and Q5 are emitter followers that drive current mode schmitt trigger

Q€, Q?. The output at the collector of Q? is coupled via Q8 to the input of the quinary

divider Q10 through Q25. Q8 and Q9 are wired in the reverse emitter base break-

down mode and function as zener diodes.

i

I

The quinary counter is basically a counting ring made up of flve current mode swltches. 
_

The trigger input is common to the bases of switch input transistors Q10 through Q14.

Each switch has emltter ourrent supplied by individual resistors (R39, 42, 46,49 and 52) i

from the -12 volt supply to the common emitters of the transistor switch pairs (Q10, Q21;

Q11, Q22; etc.) The oollector supply resistors (n3?, 40, 49, 47 and 50) conneot a) to i

the collector of the output transistor of the switching pair, b) to the collector of the input

transistorofasecondstageandc)toazenerdiode(Q15throughQ19)connectedfrom
the base of the second transistor in the pair through a load resistor (ffi8, 4L, 45, 48 and

51) to ground. Q15 through Q19 are also wired tn the reverse emitter-base breakdown --

mode and functlon as zener diodes.

Circuit operation is as follows: current passing through R40 for example, has a choice

of threereturnpaths;thecollectorof Q21, thecollectorof Q1"1, andzenerdiodeQl6.
If 15 mA flows through R40 at all times, and both Q21 and Q1l are off, the entire 15

mA must flow through Q16 and load resistor R41. The voltage across R41, therefore,

is 1.5 volts, which the base ot Q22 sees as a bias. Since Ql1 is off., Q22 must be on

and for this to be tme, the voltage at the base of Ql1 must be less than +1. 5 volts.

Since the base of Qll is common to the bases of Q10, L2, Lg and 14, the bases of theee

transistors are also biased at some value less than +1. 5 volts. Collector resistor R43

supplies Q22 and Q12. Only 1. 6 mA is left to flow through Q12 and R45. The voltage,

therefore, across R45 is +0.2 volts, the bias on Q23 which is turned off. (Q12 is on. )

Therefore, the voltage on the base of Q12 and the other four transistors must be greater

than +0.2 volts. It ls establisheid that the bias on the bases of the input trun:,istors is
greater than +0. 2 volts and less than +1 . 5 volts. The order of transistors t urned on and

off is shown as follows:

I

I
I

I
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Model 1650 Section 3

1 Q21 OFF
q22 ON

Q23 OFF

Q24 ON

Q25 OFF

- With Q25 off and Q10 on, a total of 8.3 mA flows through the zener Q15 and load resistor
I n3g. The bias on the base of Q21 is +0. 85 volts. So that Q21 canbe turned off, the bias on

the base of Q10 must be greater than +0.85 volts. It is now established that the bias on

the Input transistors is greater than +0.85 volts and less than +1.5 volts.

: From this point a counting sequence can be established. The input btas moves to a value
less than 0.85 volts, Q10 will be turned off and Q21 turned on. With Q10 off, a total of

: 15 mA flows through Q15 and R38. The base of Q21 is now biased to +1..5 volts and turns
Q21 on. With Q21 on, only 8. 3 mA flows through Q16 and R41: 

iThe 
bias on the base of

Q22 is 0.85 volts. This condition remains until the input bias rises to a value greater
i than 0.85 volts at whichtime Qll will turn on and Q22 off.as its base drops to 0.2 volts.

This new order at ON and OFF transistors, listed below, is the condition of the circuit
after one complete negative going pulse has been applied to the input.

Q10 OFF Q21 ON
, Q11 ON q22 OFF

Q12 ON Q23 OFF

I atr oFF q24 oN

Q14 ON Q25 OFF

. Figure 3-2 shows the bias relationship between the load resistors of each stage during
a complete scaler cycle of five counts from the tunnel diode binary stage. The output

output pulses to the A Input Circuits.

3.2.4 Time Base and Control Logic Operation. (see'Iime Base Schematic D-11-0b4g4)
The Time Base and Control Logic conftrins: The 1 'lilz ;r..ference oscillator circuits;

' the time base dividers; the store comnrand generatoi:; the cli:;,;1.r.\r limer, manual and
automatic reset generator; and the conrrol logic.

The time base circuits are r:ontinuous running freque,ircr. tlividers. The time base gate

tionof input counts whereas closing the gate stops th,: counting action and produces the

Q10 ON

Qll OFF

Q12 ON

QlE OFF

Q14 ON
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store oommand signal and display timer enabling. The end of the display cycle generates 
I

the automatic reset signal which initiates a new measurement cycle. In the 'rroilnt" mode,

thecontrolcircuitiscontinuouslyenabledproducingagateoncondition,andthesto}e
command signal line is held in an enable state allowing the count chatn to follow the accu-

mulating count processi.on in the count chain.

1 MHz Reference Oscillator Ctrcuitry. The reference oscillator is a modified 1 MHz --l

crystal controlled Colpitts oscillator. The 1 MHz crystal and Ql through Q4 mahe up

the oscillator oiraults. Ql and FET source follower provides the amplification and fepd-

back to sustaln osclllattons with Q2 an emitter follower providing isolation for the fre- 
--

quenay determlntng circuits and drtve to the load. The 1 MHz Test signal is also taken

from this output. The clock output is ac coupled to the shaper QB and 4 through the l
tnt./Ext. oscillator selector switch. J3 the internal monitor/external input (B input)

connectorisalsowiredtothisjunctton.Theshapedc1ockoutputfromtheco11ector
of Q4 is used to drive the divide-by-1.000 counting unit.

Time Base Counter. The time base counter contains a divide-by-lO00 oountlng untt

and five DCU,s lnterconnected in cascade to provide gate ttmes of I millisecond to 100

seconds. In frequency operatton these are selected by the mode switch. Clock outErts

of 1 milltsecond, 100 mitliseconds, 0. L seconds, 1 second, 10 seconds or 100 seconds

are canpled as start and stop signals to the start stop control flip-flop here-in-after

referred to as the control flip*flop. The divide-by-l000 CU contains 10 cascaded

binarles, MC1 - MC6 with feedback to stages 4 and 5, which produce an output for ^

every 1000 clock inputs. This 1 millisecond clock is coupled to the 10 millisecond DCU

(MC10 and MCll) and the mode swttch. The output of the 10 millisecond DCU is corpled

to the 0.1 second DCU (MC8 and MC9) and the mode switch. The output of the 0.1 sec-

ond DCU is coupled to the 1 second DCU (MCO and MC?) and the mode switch. The out*

put of the 1 second DCU is coupled to the 10 second DCU (MC14 and MC15) and the mode

switch. The output of the 10 second DCU is coupled to the 100 second DCU (MC12 and

Mc13)andthemodeswi'tch.Themodeswitchisaneightpositionrotaryswitch.In
the frequency mode popitions the clock output from the time base counters ts routed

via the mode swttch, to the control flip-flop.

9.2.4.1 Control and Display Flip-flop Operation. The control and display flip-flops

are derived from an MC790P DuaI J-K Flip-flop integrated circuit. After reset both

flip-flops are enabled and will toggle on negative going inputs. The first clock output

after reset from the time base counter (1 rns through 100 s whatever) sets the control

.)- t)
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Model 1650 Section 3

flip-flop. Ths complements the output levels, (pin 8 goes low and pin 9 goes high) and

gates on Q5, the gate lamp driver, and the input circuits gate shaper Q6 and Q7. The

gate lamp provides visual indication, at the front panel, of gating action. The input

gate shaper couples an inhibit level to Q111, of the input circuits, thereby allowing input

slgnals through to the count chain by gating Q111 off. The next clock input (negative

tra.nsttion) to the control flip-flop toggles it back to the reset state. Complementing the

control flip-flop from the set state to the reset state couples a negative going trigger to

the display fltp-flop which sets it, and enables the store command circuits. Setting the

display flip-flop inhibits the control flip-flop and enables the display timer.

The display flip-flop inhibits the control flip-flop until the reset signal resets the display

flip=flop. At the end of the display time a reset pulse is generated. This returns all

circuits to a normal state and allows a new measurement cycle by removing the inhibit

level applied to the control flip-flop

3.2.4.2 Store Command. The store command circuits consist of: The input gate

MC17D, the one shot trigger circuit C8, PA2-24 and CR? and the 8 microsecond one

shot MCL6A and C?. The closing of the gate (resetting the control flip-flop) enables

MCI?D. MCl?D's output is differentiated by R24 and C8 and coupled as the negative

trigger pulse, via CR?, to the store command one-shot MC16A. MCl6A is an MC788P

wired in a one-shot configuratton with regenerative feedback through C8 holding it on

for approximately 8 microseconds. The 6 to 8 microsecond pulse output from MC16A

is routed to the count chain buffer storage elements as the store command signal. This

transfers the stored data to the visual display circuits.

g.2.4.3 Display Timer and Reset Generator Operation. Setting the display flip-
flop complements its output with pin 14 going low and pin 13 going high. This performs

the dual function of inhibiting the start flip-flop, thus preventing the continuous clock

outputs from the time base from generating a new measurement; and turns Q9 on which

enables the display timer circuits. The display tirner is basically a relaxation oscilla-

tor comprised of : The display time control potentiometer R34, the timing capacitor

C13 and the switching element Qll a uni-junction transistor (UJT). The switch 53 is

concentric with the display potentiometer and is opened in the full clock wise position

of the control. This inhibits display timer action and requires a manual reset to initiate

a measurement cycle.

J-l



Model 1650 Section 3

In the quiescent state: e10 is off, Ql1 is off and the capacitor C13 is in a neutral state

(no charge). setting the display flip-flop turns on Q10 and allows the timing capacitor

to charge through the high resistive pathof thedisplay potentiometer and R32. When

the charge on c13 reaches the emitter peak point voltage, Q1l turns on. This discharges

the timing capcitor through the relatively low resistance of the UJT and develops the

trigger pulse for the reset generator. Mc16B (the other half of the store command chip)

is al.so wired in a one-shot configuration and provides a reset pulse approximately 28

microseconds wide. This signal is coupled through the emitter follower reset line driver

Q12 and distributed throughout the instrument.

g.2.4,4 Gate Shaper Circuit Q6 and Q?. The gate shaper compensates for gating

ambiguity caused by the fall time characteristics of the gate off signal. The gate on,

gate off rise and fall tirne constants are very different with a much longer fall time for

the gate off signal as compared to the gate on rise time. This non-linearity, when used

to gate increments at 5 nanosecond (200 MHz) rates, can cause counting errors as great

as + 4 counts. e6, e? and C6 function as an integrating network and is used to delay the

risetime characteristics of the gate on signal. Integrating the leading edge of the gate

allows for balancing the inequities between the two edges; and permits adiustment of

the gate to v,rlthin + 1 count errors. C6 is normally a factory adjust (requiring a phased

locked signal) and should not require field calibration'

g.2.5 Count Chain and Display Circuits (see schematics D-11-05493)'

The count chain circuits consist of the decade counters, decoding matrices and storage

elements for counting the input signals and providing the necessary binary to decimal

conversion for stored display of the decoded information.

The decade counters consist of eight cascaded DCU's (decade counting units). In the

first DCU due to the high speed requirement, a combination of discrete and micrologic

circuitry is emPloYed.

The 100 DCU is a eui-binary discrete circuit with Q220 through Q228 and CR22L through

CSAZS making up the quinary ring. The N/5 count is coupled via the binary driver q2l6

and e21? to the binary element MC21. The binary wieghted informalion is coupled bv

the encoding gates, comprised of : the resistive network P9,25 through 1U34, the gattr

transistors Q203 through Q213 and encoding diodes CR201 through CR216; as four line

L-2-4-8 BCD to the storage register MC32.

I

1

I
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The 101 DCU is a bi-quinary hybrid DCU comprised of MC20, an MC1013P micrologic,

and the quinary stage MC18 and MC19. The L-2-4-8 BCD output is coupled to the

Storage register MC33.

The t 02 through 10? DCU's are CpL9958 microtrogic decade counters MC39 through

MC43.

The 100 through 10? storage registers are CpL9959 Buffer Storage elements MC32

through MC37. Here the l-2-4-8 BCD data is stored and coupled to.the decoding

matrix for visual readout. The store command signal enables the storage elements

once each measurement cycle (at gate closure time) thus updating the register with

the new measurement information.

The 100 through 107 decoding matrices are CpL9960 decimal. decoding drivers MC24

through MC29. Here the four line I-2-4-B BCD is decoded into a decimal number and

drives the appropriate cathode of the gas ftlled readout tube displaying the number.

9.2.5.1 Decimal Display. The visual display consist of eight decades of digital

display tubes with built-in decimal points. Decimal selection is controlled by the

Mode Switch(S1)and Channel Switch (S101) settings. See the Time Base and Control

Logic Schematic, D-11-05494, and. the A Input Schematic, C-11-05403, for switch

control signal oath. $ections B and C of the Mode switch provide decimal light control,

with the Channel Selector switch completing the circuit to ground. In the A Channel

position of the Channel Selector decimal lamps D1 through D6 are activated via the B

section of the Mode Switch. In the C Channel position of the Channel Selector decimal

lamps D3 through D8 are activated via the C section of the Mode Switch. See paragraph

2 2.1for decimal point location and the visual display for respective settings of the

Mode Switch. Parallel output lines are also routed to the rear panel P option connector

when installed for decimal location on the printout data.

3.2..5.2 Count Chain Reset. Because of the hybrid nature in circuit construction

of the count chain logic, four different reset signals are developed. These arc coinci-
dent with "Fleset" and are shaped and ref.erenced to particular dc levels for propcr

reset toggling of the various flip-floos and discrete circuits employed. MC17C, Q218,

and Q219 and their respective differentiating circuits providl' three separate resbt

signals for the discrete count chain and the MECL micrologics MC20 and MC21. Q218rs

3-9
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output is shaped, to a positive 6 volt reset trigger, by CR205 and C201 dnd clamped

to a 6 volt reference level by CR226. Q218's output is also routed to alternate stages

of the quinary ring (Q221 and Q225) via C203. However, 8240 and R241 reference this '-i

pulse to a -6 volts. The negative going output from Q219 is coupled to the remaining

stages (Q223, q227 and,Q229) of the quinary ring via C205. This pulse is referenced -1

to +6 volts by P244and R245. The remaining 101 through 107 decade counters are

reset dtrectly by the reset generator output. --r

3.2.6 Power Supply Operation (see schematic C-11-05384).

The Mode| 1650 supply develops the regulated, -L2 Vdc, +12 Vdc, +3.6 Vdc and the

unregulated 210 Vdc voltages. A fourth regulated voltage, -5.2 Vdc is developed by

cR226.

ThepowertransformerT1hasadualpri'maryandcanbewiredfor230Vacor115Vac
operatton. Three secondary windings provide the voltage distribution for the appropriate

outputs. The +12, -12 and +3.6 volt supplies are series regulators and are calibrated

by RE and R?. The -12V supply is the reference source and should be calibrated first.

-12 Volt Operation

The -12 volt regulated supply consists of : the full wave rectifier circuit CR6 and 8

and fllter capacitor C4, the series pass element Q4 and the error sense amplifier cir- .l

cuit QB. C115 and R5 set the reference bias for the error sensing amplifier Q3. Q3 in

turn controls the bias on the series pass element Q4. The conduction of Q4 provides a -
constant -12 volt output. Any change in the output level is detected by the sense ampli-

fler and applies as a change tn bias on Q4. This increases or decreases the conduction l

(increasing or decreasing the IR drop) of Q4 to compensate for the change and correct it.

+12 Volt Operation

) The +12 volt supply ts similar to the -12 volt supply with R7 providtng the calibration

control. Q5 is the series pass element and Q6, ? and 9 acting as the error s€rrije

amplifier.

+3. 6 Volt Operation

The +3. 6 V supply is regulated l,ut nr;r ,,liustable. CR4 and lt4, provide the reference

bias to the error sensing amplifier Q2 ;i:t-'regy controlling tht' conduction of the series

pass element Q1 maintaining a constanL ll. 6V supply.

i -10
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This seotion outlines maintenance test and calibration procedures,''component location

drawlngs and parts removal/replacement techniques.

4.2 PREVENTryE MAINTENANCE

Model 1650 Seetion 4

SECTION 4

MAINTENANCE AND CALIBRATION

4,L GENENAL

Lint free cloth
Stiff (non metallic) bristle brush

Solvent (alcohol and water 50/50\

R P Filter coat

Compressed air (ftltered, motsture-and-oil-free, 30 psi murimum)

WARNING: When using solvents provide adequate ventilation and skin

protection.

Preventive Maintenanoe Checks

Monthly (as deemed approprlate) mairrtenance schedule.

L. Check the tightness "ind general condition of all ext,:rlt&l connectors.

2. Operate in the Self 1'est mode and observe that thei mechanical action

of each switch ls smooth and free of external or internal binding and

no exeessive loose;ress is appa.rent.

Preventive maintenance is the systematic care, servicing, and inspection of the equip-

ment to prevent the occurance of trouble, to reduce down time and to assure that the

equipment is servicable. When implemented into a meaningful schedule these checks

and services provide slgniflcant operatlonal data on the instrument to help prevent

instrument failure and irnprove reliability. The severity d the environment will deter-

mine the frequency of the maintenance.

4.2. L Cleaning. Clean the equipment by brushlng, wiping with a llnt free cloth,

vacuumtng or by blowirrg with compressed air. Solvents (non-corrosive) may be used

for addlttonal cleanlng action tf necessary. The following materials, or their equtva-

lents, are used for matntenanoe.

4.2.2
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S.CheckthelMHzoutputwithafrequencystandard.
4. Check for unobstructed airflow and blower operation.

Quarterly maintenance schedule.

1. Power transformer and power supply. Inspect wiring on the power.

transformer, inspect ftlter capacitors, no dirt, corroston or oil

should be evident, check for signs of overheating'

Z, Inspect all internal and external connectors for mechanical condition.

3. Inspect the air filter and blower' no dirt, etc'

4. Inspeot cords, cables and wiresfor chafed, cracked or frayed insulation.

E. perform incoming operational check as outlined in Section 2.

4.9 TEST PROCEDURE /CALIBRATION

Teet and caltbration of electrontc equipment should be performed to maintaln optimum

overall operattonal efficiency. Testing, to seek out circuit abnormalltlee; and cali-

bratton, to return the system to within published speciflcations. Indtscrlminate

tweaking, probing, etc. , ts ill advised and rather than tmproving operatton the oppo-

elte can result.

A ltst of test equtpment tncludes: any voltmeter or DVM (9% accuracy), almost any

osctlloscope (to 10 MHz), an audio and RF signal generator, a I MHz frequency stan-

dard and a 200 MHz Multiplier Test Jig (coherent to the 1 MHz time base reference

oscillator).

CAUTIONS:

This instmment contatns tra.nsistorized circuits. If any equipment

item does not have an isolation transformer in its power supply circuit,

connect one [n the power input circuit.

Never connect test equipment (other than oscilloscopes, multi'meters

and VTM's) outputs directly to a transistor ctrcuit, use a coupling

capacitor.

Make test equipment connections with care so that shorts will not be

caused by test equipment connectors. When making contact to the cir-

cuit under test, tape or sleeve (spaghetti) test prods or clips to leave

as little area exposed as possible to minimtze inadvertant shorts'
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.^-t *'.a* L^ +"--^'t ^$F l^^f^il^ -^*a"i-a ^-.' ^lrrd-ih ^I I , 4. The equipment must be turned off before removing any plug-in compo-

- nents, PCB, micrologic, transistor, etc.

4.3.L Power Supply

This unit has five operattng voltages from regulated and non-regulated supplies. Test

polnts are identified and screened on the PCB, see schematic and PCB component loca-
-- tion diagrams.
I

+210 Vdc = +210 Vdc + 20 Vdc.

t +LZVdo = +12 Vdc + 0.15 Vdc.
I

+3. 6 Vdc = *3.6 Vdc + 0. 36 Vdc.

-5.2 Vdo = -5,2Vdc * 0. 15 Vdc.

-L2 Vdc = -12 Vdc + 0.15 Vdc.

mV/P-P on the +L2, -L2 and +3. 6 volt regulated supplies. The +210 volt supply is used

Power Supply Calibration
The -|2 Vdc supply is the reference source for both the +12 and +3.6 volt supplies and

- 
must be calibratel"t, "I;r*r 

Rb for -12 Vdc + 0. 15 vdc.
+12 Vdc: Adjust R7 for +12 Vdc + 0. 15 Vdc.

The -5.2 Vdc supply is developed by CPA26 a 5.2Y zener diode, no adjust-

ment is required. Replace diode if level is out of tolerance.

4.3.2 Time Base Test and Reference Oscillator Calibration
Test the time base circuits for proper counting of the reference oscillator to produce

the appropriate time base gates.

a, Connect an oscilloscope to the Oscillator Monitor BNC (slide switch set

to Int. Osc. ) and monitor the frequency and amplitude of the output for
I MHz at = 6V perk-Lo-peak.

4-3
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Apply a 100 kHz test signal.input to the Input A BNC and observe the

visual display for the proper readout on each setting (1 ms through

100 s) of the frequency selector switch. For six digit instruments use

10 kHz and for the 100 s setting use 1 kHz'

Monitor the gate light operation on time base settings above 0. 1 s.

Reference Oscillator Calibration

a, Connect the 1 MHz frequency standard to the oscilloscope external

trigger inPut.

b. connect a cable between the 1 MHz output connector and the oscilloscope

vertical input. Place the oscillator switch to the Int. Posttion.

c. Monitor the scope and adjust Cl so that as nearly as possible the trace

stops moving. Scope sweep should stabilize for ", 8 to 10 seconds.

4.3.3 Storage Transfer, Display Time and Reset Test'

Store comrrands and reset signals are automatic in the frequency modes'

a. Store Command - With an oscilloscope monitor the output, pin 12, of

MC16A for a +2 volt, 2 - I microsecond width store command signal.

b. Reset - With an oscilloscope monitor the reset output, test point R" for

a +1. 5V (+ 0' 3V) 2? microsecond (+5 ps) pulse'

c. Display Time - In the self Test Frequency mode setting > 0' 1 s obserye

the gate lamp for gate off time of < 0. 1 second to > 10 seconds while

varYing the DisPlaY Time Control'

4.3. 4 Gating Error
Rated accuracy of + 1 count + oscillator stability is checked by monitoring the visual dis-

play while measuring a 200 MHz input signal. To nullify the effect of oscillator stabilily

the 200 MHz test signal must be coherent to the 1 MHz reference oscillator. This is

accomplished by using the internal oscillator output, multipiing it by 200 and feeding it

back as the input to the A Input connector. An alternate method would be to use an exter-

nal 1 MHz for the reference time base source (fed into input B) and multiply this up to

200 MHz for the A input signal. what ever the method, the visual dtsplay should read

200000kH2+lcount.

Gating Error Adjust. This adjustment (Cri) is normally corl",idered a factory adjust and

should not require adjusting. If component replacement necessitates calibration, trim

b.

c.
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CG for an optimum reading + 1 count at 200 MHz. This adjustment should only be made

under conditions as outlined above and only if replacement of circuit components makes

it mandatory.

Count Chain Ring Counter Bias Adjust4.3.5

f-

r
I

t-

T
i

t

i-

i-

r
I

This ts normally a one time factory adjust. The 100 DCU of the count chain provtdes the

divide-by-ten functi.on from a Qui-binary counter. The quinary ring contains precision

components and matched transistors. If, however, repairs or aging necessitate adjust-

ing R105 proceed as follows:
a. Apply a 1 MHz test input.

b. Wtth a dc coupled oscilloscope observe the ring drive and ring output

stgnals. The ring output, at any of the 150 ohm ring bias resistors

R246 - R250 should be:

0.4v
The ring drive input signal

c. While observing these signals adjust R105 to optimize this

0.8v -

4.3. 6 Pre-scaler Test and Adjust

The bi-quinary circuits divide-by-ten, the input signals applied to the C channel.. Both,

the blnary flip-flop and the quinary ring contain precision components and matched

di.ode/transistor pairs. If, however, repairs or aging necessitate adjusting, proceed

as follows:

a. Apply a 50 MHz test input.

b. With an oscilloscope observe the binary drive at TP1 for a 50 MHz sine

wave.

i-

condition:

50 MHz
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Observe the signal at TPZ and adiust Rll for a 25 MHz square wave

(divide-by-two) output. Rock Rll back and forth for an optimum setting'

d. observe the signal at TP5 and adjust R24 for a 600 mv square wave

centered on an 850 mV dc axis.

e. Observe the signal at TP6 for the pbdestal waveform shown below'

Center pedestal on reference graticule'

Now al.ternate between TP5 and 6 and readiust R24 to optimize the

two signals. Both signals,,the quinary drive (squarewave) and the ring

output (pedestal) should be centered on the same a'(is'

To check operation over the enttre band, observe the visual dlsplay and

increase the input frequency to 500 MHz. If a correct reading is not

displayed throughout the band readjust R24 slightly. Repeat this step

unltl the proper reading is obtained for all tnputs'

4.4 PARTS REMOVAL AND NEPLACEMENT TECHMQUES

Removal and/or replacement of component parts within the instrument are removable

wtth tools normally found on any work bench'

The following preoautionary procedures should be obsenred:

a. Use a penctl-type solder iron with 40 watts maximum capacity. Do

not use a soldering gun; damaging voltages can be induced in compo-

nents and heat generated will damage the PCB'

b. When soldertng transistors leads, micromodules, etc., solder quickly.

Whenever wiring permitr;, use a heat sink (long nose plieTs, etc. )be-

twet'n the solder joint antl the component. 
,Use 

approximately the same

lenght and clress of transistor leads as usdd originally.

c. When desoldering rvork quickly and do not overheat PCB rvtring.

---.l
I
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Model 1650 Section 4

f-
rl. wn*en installing a shielded wire, reconnect shield to the same tie point

I that it was removed from. Dress all wires in the same manner as

I removed. Route all wires in the same route as removed.

;

\ +.A.t Micromodule Removal and Replacement - Removal and replacement of the

micromodule is simptified by the use of proper tools. Although a solderi.ng iron, small
i- long nose pli.ers, small diagonals and a round tooth pick will do the job, the use of a

rectangular soldering tip and a vacuum solder pick-up bulb (vacuum bulb) greatly stm-

r* plify the task.

a, Working from the top of the PCB, cut all leads on the micromodule at

b. Remove each lead from the PCB by heating with a soldering iron and

i-- 
owrtrlf."*tng 

leads from the PCB (from the top) with small long nose

c. Remove all excess solder with a vacuum bulb or by heating holes and

i reamtng clean with a round tooth pick.

a, Remove all excess solder from the PCB holes with soldering iron and

vacuum bulb.

b. Insert replacement micromodule. Refer to component layout drawing

- for proper pin (pin 1) orientation,

c. Using small ttp individually solder all connections frorn the bottom of

_ the board.

I

Alternate orocedure to remove a micromodule:

a. Using a solder iron with a special rectangular tip, apply heat simul-
taneously to all the micromodule connections.

b. Lift or pry micromodule out.

ci Remove excess solder with vacuum bulb.

d. Apply heat with caution, do not overheat PCB.

I

I
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' Model 1650 Section 5

; ; sEcrIoN 5
I PAEffi 'LIST . :

!

5.1 GENEN^AL
; 

t 
.-- : 

_

,gc€gsary inforyation for the pqqeurement or replacement' : This section contains the n€c€ssary informa

parts from either Eldorado Electrodata or directly from comrnerclal sourcee'

:,
6,2 OPERING INFOR\'I.ITION

l
. rl --

To order replacement parts directly frsm Eldsrado Electrodata' address all orders

- or inquiri,es directly to: ,.
I

CUSTOMER SEEVICE 
.PARIS DEPANTME}IT ] : :

I ELDoRADo ELEcTRoDATA ooRP-
Goic-fraromar noaa
Concord, California 94518
Telephone: 415-€€€rt4200 t31-Lroo

i i TWX: 910-481-9476

On"n orderlng replacement parts be certatn to speoify complete instruYlent model

rl number and complete part description including reference, descrlptlon,

manufaoturer, manufacturer's part number and the Eldorado part number'

/'
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Section 5 I
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_-l

Model 1650

Reference

*81

c15

*Fl

I1

Jl-3
R6

R34(s3)

nLz7
*s1r 2,101,

L02

s4

*T1

Descri

Fan

Capacitor, DiPPed Mica
330 pF, 500 wvdc

Fuse, 1 a"mpeqe
3AG SLO-BLO

Lamp, White
28V

Connector' BNC

Besistor, Carbon ComP.
Ik, L/4w, 5%

Potentiometer, lM
(With Swttch S3)

Potentiometer, 500

Swltch, Sltde DPDT

Switch, [fiomentary
Pushbutton

Tnansformer, Power

Ltne Filter

PARTS LIST

CHASSIS ASSEMBLY

Mfgr.

Pamotor
Sangamo

Littlefuse

Dialco

Cannon

AB

crs

Clarostat

Cont. Wi.rt

Grayhill

Tranex

F&C

Mfgr. No.

8500

Dr.55F331JO

313001 :

50?-3917

uc1094/U

c81025

s83796

HV6NAYSD5O1A

ci-126

30-1

4-1946

nFI-303

EE No. Qty.

003068 1

000095 1

000605 1

003089 1

000383 3

001098 r

001012 1

003126 1

001554 4

001583 1

003255 1

003333 1

l

L

L

NOTE

An asterisk (*) Proceeding the
supply schematic C-11-05384.

reference indicates a component common to Power

I

I
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Model 1650

Reference Descri.ption

PARTS LIST

MAIN BOARD ASSEMBLY

Section 5

000116 3

I
I
i

.

c1

- *c1

*c2

c5

c6

c9

c1l

Main Board Assembly Eldorado D-33-05479 045479 1

capacttor, variable Erie 538-011A-2-8 000339 I
2-8 pF

Capacitor, Electrolyttc Mallory ltCSgs

it

Mfgr.;' ' Mfgr. No. EE No. QtY.

003022 1

000158 5

2l.tF, 350 wvdc

c2,L4 capacitor, Dipped Mica sangamo D155F390JO 000060 2

39 pF, 500 wvdc

caoacitor, Electrolyttc sTM 91C8SH63 003035 1

6000ttF, 8 wvdc

C3,10,10?, Capacitor, Ceramic Disc. Sprague TGS1O
108,109 .01 pF, 100 wvdc

*c3 Capacitor, Electrolytic Sprague T81162 003028 1

100 pF, 15 wvdc

* C4, * 5 Caoacitor, Electrolytic STM 23C25TS13 003032 2

1000,,r,F, 25 wvdc

capacitor, Dipped Mica sangamo D155F181JO 000087 1

180 pF, 500 wvdc

capacitor, variable Erie 538-011F-15-60 003288 I
15-60 pF

.-' C7,L2,205 Capacitor, Ceramic Disc. Centralab DD202
.001 PF, 1000 wvdc

C8,110,112 Capacitor, Dioped Mica Sangamo D155F101JO 000079 3

100 oF, 500 wvdc

capacitor, Dipped Mica sangamo D155F121JO 000081 1

120 oF, 500 wvdc

Capacitor, Mylar
. 033 pF, 50 wvdc

GE 65F-11A-333C 000185 1

Sprague 150D685X9035B2 000264 1C13 Capacitor, Tant.
6.8 pF, 35 wvdc

C101 Not Used

ercZ Caoacitor, Dipped Mica Sangamo D155F180JO 000042 L

8 oF, 500 wvdc

C10g Capacitor, Dipped Mica Sangamo D155F221JO 000089 L

;- 220 pF, 500 wvdc

C104, 106 Caoacitor, Dioped Mica Sangamo D155F150JO 000038 2

15 pF, 500 wvdc

NOTE .
ffisterisk (* ) preceeding the refr !"ence indicates a component common to Power Supply

Schematic C-11-05384'
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Model 1650 Section 5

Reference Description Mfgr. Mfgr. No. EE No. Qty.

- c105,116 Capacitof, Plastic Film Amperex C280AE/P1005 000211 2

0. 1 PlF, 250 wvdc

C111 Capacitor, Dipped Mica Sangamo D155F020JO 000026 1

2 oF, 500 wvdc

c113 capacitor, Film' Sprague 5C15 000258 1

2.2 ttE,25 wvdc

cLL4 Capacttor, Electrolytic Amperex C$7AR'/A2500 003034 1 -
i

2500 PF, 2.5 wvdc

C115 Capacitor,. Dipped Mica Sangamo D155F100JO 000034 1

10 pF, 500 wvdc -
c11? capacitor, ceramic Mucon 1U22RK 003007 1

22 pF, 50 wvdc

C|OZ Capacitor, Dipped Mica Sangamo DL55F4?0JO 000065 1 -
4? oF, 500 wvdc

c203 
:;,#"rr}:'io?";?H" 

Disc. Erie 835-zsu-202P o0oL27 1 
,

,

' c204,206 Capacitor, Electrolytic sprague TE1152 003026 2

5 pF, 15 wvdc

CIl1,2, 3,4, Diode GE l-N695 ..-.- 000523 7

5, 6,113
*CR1,101 Diode Texas Inst. 1N20?1 00542 2 -
*cR2, *3, *6, Diode ITT 1N4001 003062 6
*7, *8, *9

*CR4, 229,230 Diode, Zener Motorola 1N?49A 000527 3

*gR5, *10 Diode, zener Motorola LN?52A 000530

*cR8,9 Diode, zener Motorola 1N?46A 000524 2

*CR11,10?, 108 Diode, Zener Motorola 1N?53A 000531 3

*cRl2 Diode, zener Motorola 1N?54A 000532 1 -
cfif, 102,103, Diode sylvania 1N3605 000550 22

104, 105,110,
LLL-,LLL,205-
218

cRlO6 Diode, zener Motorola 1N?55A 000533 1 ---

cRaol-,zoT, Dlode, zener Motorola 1N758A 000536 4

203,204

cw]rg,zlo, Diode Fairchild FD777 000488 5 -
226,227,228

CW2L-225 Diode, Selected Eldorado 4-61-05449 045449 U 
-cR231 Diode, zener Motorola 1N?51A 000529 I

K101 Relay, 12 Vdc Struthers MRR1A 001025 1

Dunn
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Model 1650

Reference

L101,107,
20L,202

LLO?

L103

L104,105

Ll06
MC1,2,9,4,
?r 9, 10, 11,
12,13, 15,18,
19,28

MC5,6,8,14

MC16

MCLT,22

MC20,2L

MCz4-31

MCgz-39

MC4o-45

Q1

'*q1, *4

Q2, *7, *9,
204-2L5

*Q2

Q3,4,6, 7,8,
9,20L,202,
2L9

tQ3, *6,10,
111,203

Q5,12
*Q5

*Q8

Q11

Q101

Description

Inductor, 1.8 H

Not Used

Inductor, .15 H

Inductor, .22 H

Not Used

Integrated Circuit
Dual J-K FlipifliP

Integrated Circuit
Dual J-K Flip-floP

Integrated Circui.t
Dual 3-Input Buffer

Integrated Circuft
Quad 2-Input Gate

Integrated Circuit
J-K Flip-flop
Integrated Circuit
Decoder Drtver
Integrated Circuit
Buffer Storage

Integrated Circuit
Decade Counter

Tranststor

Transistor
Transistor

Transistor
Transistor

Transistor

Transistor
Transistor
Not Used

Transistor
Tranststor

000861 I

000856 2

003105 2

003103 I

003102 I

003101 6

00L747 1

003274 2

001716 15

00L726 1

001?31 I

001733 5

ooL724 2

003273 1

001751 1

003277 1

Mfgr.

Delevan

Delevan

Delevan

Motorola

Motorola

Motorola

Motorola

Motorola

Fairchild

Fairchild

Fairchild

Motorola

Motorola

GE

Fairchild
Fairchild

Texas Inst.

Fairchild
Motorola

Texas Inst.

Motorola

Mfgr. No.

L025-26

1025-00

1025-04

MC?9OP

MC791P

MC?88P

MC724P

MC1013P

c L9960

c L9959

c L9958

MPFl03

MJE52O

2N2924

2N3638

2N3646

2N3702

2N3569

MJE37O

2Nr4891

2N5485

Section 5

EE No. Qty.

000660 4

000647 1

000649 2

000863 L4

003095

I

i

l

l

I

i

l

I

-
j
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Model 1650.

Reference

Q102,104,
105.,106,107,
108,109,110

Q103,216,
2L7,2L8

Q220-229

R1

*R1,102

R2,4,L2,20,
36,38, 111,
I30,2r2

*R2,106

R3, * 11, 32,
240-245

* Il3
*R4,27,L29,
L24,L38

R5

*R5

+R6, *81 201,
202,203,204,
258-265

R7,19,129

*R7

R8,10

R9, 15,213

*R9

*R10,125,
218,219

Rl1

*R12, l3L,22L

R13

Rl4

Description

Transistor

Tranststor

Transistor, selected

ReFistor, Carbon ComP.
4. tMo , L/4w, 5%

Reflflstor, Carbon ComP.
12Ep, t/+w, |vo

Repflstor, Carbon Comp.
Lk, ,l/4w, 5%

rl

Resfstor, Carbon ComP.
lMsl, t/4w, 5%

Resistor, Carbon ComP.
LOk, L/4W, |Eo

Not:Used

Restetor, Carbon ComP.
82oft, t/Ew, ,vo

Resistor, Carbon ComP.
4.7k, L/4W, 5%

Potentiometer, lk
Resistor, Carbon ComP.
22k, L/4W, ,Eo

Resistor, Carbon Comp.
680Q, L/AW, 5%

Potentiometer, 5k

Resistor, Carbon Comp.
3.9k, L/4W, 5%

Resistor, Carbon Comp.
1.2k, L/4W, 5%

Not Used

Resistor, Carbon Comp.
zz}e, L/4W, 5%

Reststor, Carbon Comp.
27k, L/4W, ,Eo

Resistor, Carbon Comp.
Lzk, L/AW, 1Eo

Not Used

Resistor, Carbon Comp,
t'Q, L/4W, 5%

Mfgr.
Motorola

Fairchild

Eldorado

AB

AB

AB

AB

AB

AB

Beckman

AB

AB

Beckman

AB

AB

AB

AB

Mfgr. No.

MPS3563

2N3640

A-61-05450

c84755

c81215

c81025

c81055

c81035

cB8215

QB.4725

62PRlK

c82235

cB6815

62PR5K

c83925

cBL225

cB22L5

cB2795

c81235

Section 5

EE No. Qty.
0032?6 I

001728 4

045460 10

001151 1

001082 2

001098 I

001145 2

001116 I

001097 5

001109 1

000959 1

001120 14

001 96

000988 1

001108 2

001099 3

001086 4

001121 1

001117 3

-']
I

I

I

-l
l

i

I

I

I

I

I

I

I

i

I

---l
I

I

l

I

i

5-6

l

c81505 001069 1



Model 1650

Reference

R16,23,28,
229

P"L?,30,2L7

R18,24,37,
2L5,2t6

&2L,26,222

R22,31

R25

R29,205-209

n33

R35,122

R39

R40,116,117

R101

R103,110, 132

Rl04

Rl05

R107

R108

R109,120

Rl12

Rl18

Rr.14

Rl15

AB

AB

AB

Beckman

AB

AB

AB

AB

AB

Mfgr, No.

c83325

c81525

c82225

c84715

cBl-535

c85625

c84735

c84705

c83355

c81015

c85115

c84315

cB3315

62PRl00

c82015

c83015

c82?15

c85105

c86205

Section 5

EE No. Qry.

001107 4

001100 3

001103 5

001092 3

001118 2

001111 6

00LL24 1

001 75

001150 1

001_081 3

001093 1

0031?8 3

001090 1

000926 1

001085 1

001089 1

001088 2

001076 1

001078 1

Description

Resistor, Carbon Comp.
3.3k, t/+w, \vo

Resistor, Carbon Comp-
1.5k, t/+w, \vo

Resistor, Carbon Comp.
2.2k, t/+w, 1vo

Resistor, Carbon Comp.
47012, L/4W, 5%

Resistor, Carbon Comp.
Lik, L/4W, \Eo

Not Used

Resistor, Carbon Comp.
5. 6k, t/4w, 5%

Resistor, Carbon Comp.
47k, L/4W, 5%

Resistor, Carbon Comp.
47dt, L/AW, \vo

Resistor, Carbon Comp.
3. 3M9 , L/AW, 6%

Reststor, Carbon Comp.
100s1, L/4w, 5%

Resistor, Carbon Comp.
510Q, L/4W, 5%

Reststor, Carbon Comp.
430f,, L/4W, 5%

Resistor, Carbon Comp.
330Q, r/AW, 6%

Potentiometer, 100

Resistor, Carbon Comp.
2000, r/Aw, 8%

Resistor, Carbon Comp.
300s,, L/4w, 5%

Resistor, Carbon Comp.
2700, r/4w, 5%

Resistor, Carbon Comp.
lLrJ, L/4W, ,Eo

Reststor, Carbon Comp,
62t2, L/4w, 6%

Not Used

Resistor, Carbon Comp.
390Sr, 1,/4W, 5%

Mfgr.

AB

AB

AB

AB

AB

AB

ABi

I
I

5-7
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Model 1650

Reference

Rl18

Rl19

R121

Rlz6

R128

R210,211

R214

Fzz0

R224, 256

R225-234

R235-239

F248-250

R251-255

Pe57

s1

v201-v208

Y1

Mfgr.

AB

AB

AB

AB

AB

AB

AB

AB

AB

AB

Corning

Corning

Corning

AB

crs

Burroughs

Filtaire

Mfgr. No.

c83025

c83905

cBL515

c86805

c86215

c82035

cB,2725

cB,2025

BB1025

B81035

C4 Series

C4 Series

C4 Series

E87505

5e085/3
215-X-PC

85750

cR18/U

Section'5

EE No.

001106

0010?4

001083

001079

001095

003183

001105

001102

001054

001060

003210

003205

003209

001170

003236

009279

003049

Description

Resistor, Carbon ComP.
3k, L/4W, 5%

Resistor, Carbon Comp.
gg9,, L/4W, \Eo

Resistor, Carbon Comp.
1500, t/+w, \vo

Resistor, Carbon Comp.
68A, L/4w, 5%

Reststor, Carbon Comp.
620Q, t/+w, ,vo

Resistor, Carbon Comp.
zDk, L/4W, 5%

Resistor, Carbon Comp.
2.7t6., t/4w, ,vo

Resistor, Carbon Comp.
2k, L/4W, 5%

Resistor, Carbon Comp.
Lk, r/9w, 5%

Resistor, Carbon Comp.
10k, 1/8w, 570

Resistor, Carbon Film
1.5k, t/+w, Lvo

Resistor, Carbon Film
150O, t/+w, zvo

Resistor, Carbon Film
3600, l/4w, Zvo

Resistor, Carbon Comp.
75rJ", L/zW, 5To

Switch, Rotary

Tube, Nurn;erical Di.s PlaY

Crystal, 1 MHz
(Red Dot)

Qty.
1

I

1

1

1

2

1

1

2

10

5

5

5

1

1

8

1

.i ri--t,l
.r ;

I ?:l
i 
".1l.l

g .l
'!

'l

L

I

I

I

^l
I

l

i

I

I

i

I

L
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Model 1650

Reference

c1

czrT rLL

c3,4,8,10,
L2,L3,L4.-
15,17,18

c5,6

c9,16, 19,20

cRl

cRz,3,4
cn5

Q1,2,3r 4
10-14,20-26,27

Description

500 MHz Prescaler
Assembly

Capacitor, DiPPed Mica
1000 pF, 100 wvdc

Capacitor, DipPed Mica
10 pF, 500 wvdc

Capacitor, Chip
1000 pF, 50 wvdc

Capacitor, Chip
.001p F, 50 wvdc

Capacltor, Ceramic Disc.
.01 pF, 100 wvdc

Dtode

Diode, Tunnel

Dlode, Zener

Transistor, 2N3563

Transistor, 2N4260

Transistor, 2N3960

Transistor, 2N3564

Transistor, Matched

Not Used

Resistor, Carbon ComP.
ggrJ", t/4w, ,Eo

Besistor, Carbon CornP.
430r, , t/zw, \vo

Resistor, Carbon Comp.
24Q , t/Aw, ,vo

Resistor, Carbon Comp.
750Q , t/zw, \vo

Resistor, Carbon Comp.
1oo9 , t/lw, \vo

Resistor, Carbon Comp.
2.&, t/+w, ,vo

Resistor, Carbon Comp.
2k, L/AW, ,qo

Potentiometer, 100

PARTS LIST

500 MHz PRESCALER

Mfed.
,l

Eldorado

Sangamo

Sangamo

Aerovox

Aerovox

Sprague

Hewlett
Packard

Eldorado

Motorola

Fairchild

Motorola

Fairchild
Fairchild
Eldorado

AB

AB

AB

AB

AB

AB

AB

Beckman

5-9

Mfgr. No.

c-33-05425

Dl51F102JO

D155F100Jo

ULA1O5B102M

ULA5O5A102M

TGSlO

5082-2900

A-61-05121

1N?57A'

2N3563

2N4260

2N3960

2N3564

A-6I-05L22

cB3905

EB4315

cB.z405

E87515

c81015

cB.z425

c82025

62PRl00

Section 5

EE No. QtY.

045425 1

000110 1

000034

Q5

Q6,7

Q8,9,26

Q15-19
R1

R2

R3,5

R4

R6,7

R8,21,34,
36

R9

R10,22,30

Rl1

003010 10

003009 2

000158 4

003425 1

045L2L 3

000535 1

003262 16

001738 1

003265 2

003263 3

045L22 5

001074 1

003187 2

003172 1

001187 2

001081 4

00r"104 1

001102 3

000926 1

;



Model 1650

Reference

Rl2

Rl3

R14,18

RL5, 17,53

Rl6

R19

R20

R23,25,33

F"24

R26

R27

R28,44

R29

R31

R82

R96

R87,40,43,
47,60

Rg8,41,45,
48, 61

R89,42,46,
49,62

Tl,2

IRC

AB

Ar3

AB

AB

AB

Beckman

Eldorado

AB

AB

AB

AB

rRc

IRC

IRC

Eldorado

Mfgr. No.

GB22L5

c82005

cEA61.9

c88205

CB22L5

c85105

cBSt_15

c83015

62PR200

A*65-05120

c81225

c81r.05

c81025

c83005

cEA432

cEA121

ciEA1.82K

A-46-06119

Section 5

EE No. Qty.
00L279 1

003171 1

003202 2

001080 3

001086 1

001076 1

00r_093 1

001089 3

000934 1

045L20 1

001099 2

003169 1

001098 , 1

Description

Resistor, Carbon Comp.
22Ag , ]-W, Svo

Resistor, Carbon Comp.
20Q , t/+w, Svo

Resistor, Metallic Film
61.9ft , L/8W, rvo

Resistor, Carbon Comp.
82Q, t/+W, \vo

Resistor, Carbon Comp.
220Q , t/+w, ,Vo

Resistor, Carbon Comp.
51f' , t/4W, \vo

Resistor, Carbon Comp.
5100 , t/4w, \vo

Resistor, Carbon Comp.
300 st , L/4W, ,vo

Potentiometer, 200

Resistor, Special

Not Used

Resistor, Carbon Comp,
t.2k, t/_4w, |vo

Resistor, Carbon eomp.
11f, , t/4W, 5%

Reststor, Carbon Comp.
Lk, L/4W, ,vo

Not Used

Resletor, Carbon Comp.
800, L/4W, 6%

Reslstor, Metalltc Film
432 S? , L/9Wt L%

Hestetor, Metalllo Ftlm
121$ , t/lW, Lvo

Rcslstor, Metallic Ftlm
1.82k, t/1W, t%
Trangforrner

--l
L

i

I

l

-!
I

i
I

I

i

--l

L

t

I

I

i
L

--t

Mfgr.

AB

AB

009178 1

009208 6

009199 6

008108 6

046119 2
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Section 6Model 1650

I Integrated Circuits Schematic Equivalents MC?15P - MC725P.

!

1

i

i
I

I

i
I

i

I

i

I

I

itcttSP - ouAL 3.rilPUI 8tlE

ll = tlSO O
12=elOO

tcTr?P - 0ur0 2-lllPur E|TE

ll=l-ltO
12 = t,l lO

ilc7t8P-ourt ililPUT GArt

ll = l.l lO
i2 = !.C lO

ilg7tgP - DUAL r.tiPUT GUE

llrLllo
ll r I,l lo

Ii

itc722P-r-x ruP+|.oP

ll = l.l lO
12 = 2.1 lo
t3 = 3.1 lOrr=7po

ilct23?-,-l ruPftoP

GJIO I

It =4lOO12=5rOO
13=510O
ll=225O

r{c724P- 0UA0 2.NPU! GATI

ll={50O
12 = 6,10 O

tc725P 0UAt 4-!XPUT etn

ll=aloO
12 = 6/aO O

RESISTOR VALUES ARE TYPICAL.
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r[ct88P - DUlt l-lllPw lurnt
ll{olt-lNwnTlHG)

rcr!$-ru ltmfin

1{Cr90P - oUAL 

'{ 
ruP-ftoP

ll = tl50 O
12=6409
13=510O
tl=225O
t5=30OO

rtrcrg2P - rRtPtt 3.tilPur S|TE

ll=
12=

tl
I

'r30 0
6ao o

TC793P - IRIPTE s.IIIPUI GITI

ll - l.l l{l
12 = t.6 lO

il = 1.5 ttl
12 = !.6 lO
ll= I00O

xc?sgP - oufi. BUFfil

ll=a50O
12=610O
It=l0oo
la = r.0 tO

r2 ta

RESISTOR VALUES ARE TYPICAL.

f- 1 section 6Model 1650

- Integrated circuits schematic Equivalents Mc788P - MC799P.

t-

r

f-

6-3



8$MHz AC-C0UPIEO

Model 1650 ,'l( FtlP'tt0PS

Integrated Circuits Sdhematic Equivalent

MCtOl3
MCr213

elt J-R tnputs are
Statlc

Section 6

All Other J-K lnpuG
And The R€ lnput3
Are At a "O" Level

cLocKED J-R rnurn rABLE

All otherJ-R lnpurr And Th.
R€ lnpu$ Ar€ At I "O'i Lovel

I

-l
I

Designed for use at clock frequencies to 70 MHz minimum (85
MHz typical). Logic performing inputs (J and R) are available, as well
as dc SET and RESET inputs.

FOS|T|VE LOGTC

I

---l

2
3
4
5
6
8
9

10

11

12

DC Iriput Lordlng Flctor - 1

DC Output. Loading Factor = 25
Power Diarlpatlon - 125 mW typlcal

'Any J or -K lnput, not ur€d for en,
"eD obtllned by connectlng one f,and one R lnput together,

Thc i and R input r.ter _to loglc levelr while th€ 66 input r6f6r! to
dynrmlc loglc swlngE The J and K inputr should be changed to a logical
"1" only whlle th. C9 lnp_ut lr ln a logic "l" state. {dg mexlmum "l"
lovel - VCC -0.6 Vt. Clock €9 ir obt.lned bv tying one Jind one R inprt
togtathor.

R.S TRUTH TABLE

a s On+ I
12 2 13
o o on
o 1 I
1 o o

1 N.D.

R,g TRUTH TABL€

J K e6 Qn
t3

o o qn
o o 1 6n
o 1 1

1 o 1 0
1 1 1 on

CIRCUIT SCHEMATIC

14 Vgg
(GND)

el lol 111 11

Resistor values trg nominal. RESE

6-4



Model 1650

Integrated Circuits Schematic Equivalent CpL 9958

',OC' 
A,o''.x

'lur,l 
?rtl.c

l-rr
l

l1

lr
j

t1

a

I
i-

I
I

I

I

I

I

l

l

I

I

Ctrcuit Block Diagram ond Piq Number tr\rnctione CpL 99SO

lla
Elt
rlt
tll
llo
at
,a

t I r L ll I rl L rl I

l. I L I ra t t L aa lt

ll T t L L t' t ql ll |l

t. i lr ll I I r tl L I

ll.tlll t.t.otl

6-5



Model 1650

Integrated Circuits Schematic Equivalent CpL 9959
Z1

Section 6
I

I

I

--l
I

I

_l

_-1

I
_l

I
l

-l
i

I

I
I

I

I
I

_l
I

-l
_t

I
I

---l

I

_-]

I

--t

I

I

r;" '

Itii:i
!t'',

lt tt'

-I___l-.,
I

i j' 
i-]---r---, 

I11 +

Schematic Diagram. Buffer Storage Untt CpL 9959

t^3C AtflGcttdt

l|. l.l0ll
l. tot
a. ?xt s?l?c N$,Ito

tror t!'ont tof
llr.lttxatc

ttutr tratc

Elock Diagrem and Pin

x

l.l r l.lr
21 2t

Tr

l.

t.

Ti

lr

la

l.

aa

l.

lr

la?3 I I t
I
L
i

I
l.
ltY

L
ll
c

la

I
f

6-6

Number F\nctlono CpL 0959



to lr ta lt t. rr 13 l? l-tI
r

I

i

l

I
l

i-

l

i-

I

i-
I

l

l

I
I
I

I

I

r-
I

I

l

I

Model 1650

Integrated Cincuits Schematic Equivalent C1tL 9960

alocl o,lcllr
Btock Diagram and Pin Number
Functions CPL 9960

to? VtEa

4
l7

t,
8g

Ir

ll

lr
tj

tlrst corilEc?,otlt

l1

l1

lr
l1

6onin ro t rr ttt tr t tr rr $

tlutr trttt

tr lr lt tt fr ll

tet

l1
l1
lj

ta

Section 6

l.lll .
Lrl!,

a

t

Schematic Diagrem Decimal Decoder CpL 9960

ta L r L a t ta t ta I

ta ll L L .l I L L L ta

x ta ll ll L L L I ll I

l. ll I ta ta ll la L t
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