
BUILD THE 

Popular 
Electronics 

Uni�ersal 
1requency 

Counter 

HIGH-ACCURACY 

COUNTING 

TO 2 MHz 

BY DON LANCASTER 

PART J OF 2 PARTS 

Marcil, 1969 

H OW OFTEN do you come across a 
frequency counter like this: maxi

mum range-2 MHz; cost-Jess than 
$200? The answer is very rarely, and 
that's why the POPULAR ELECTRONICS 

Universal Frequency Counter will be of 
prime interest to project builders in all 
areas. Its list of attributes doesn't end, 
however, with frequency range and price: 
it has seven counting ranges (200 Hz to 
2 MHz), a choice of three automatically 
sequencing time bases (0.1,1 and 10 sec
onds), and a comparator with built-in 
noise immunity and guarded input. The 
latter provides excellent sensitivity to 
sine waves, square waves or narrow 
pulses of either polarity, regardless of 
duty cycles. A special electronic synchro
nizer eliminates variations in the display 
of the last digit (known as bobble) and 
an overrange light indicates when the 
counter's capacity is exceeded. 

With the Universal Frequency Count
er, you can count events, measure fre
quencies from 0.1 Hz to over 2 MHz or 
you can gate the instrument externally 
so that it can be lIsed as a stopwatch or 
to measure the ratio of two frequencies. 
The basic instrument has 0.170 accura
cy with a 3��-digit display (3 digits plus 
overrange indication) and a line-oper
ated time base similar to most com
mercial counters in the "under $600" 
category. 
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Fi". 1. The comparator module actually cOntains three separate circuits: input signal comparator 
(rCI). signal·time base synchronizing circuit (IC2 and leJ). and automatic reset generator rC4. 

PARTS liST 
COMPARATOR MODULE 

CI. C7. CS-O.I.pF. 10,;'011 disc urami<; (npII('
itol' 

C2-IOOO-pF. 3,\'011 d�clral)"lic capacilQr 
C3-.......4iOO-p,.· polyuyrC/l(. Myl",. or disc .r;,,,,,,ie 

caNei/o' 
C4. C6-100-I'F, /5 .... "lt clalrolylic c"pacit", 
Cj-2·pF mira 'aparilor 
IJI_DJ_I.Y914 $ilieoll ,""'puler divdc ", Cillti;·u· 

Iml 
IC1-opr'aliolll,1 amplifier (Molorola 

MCliIOCG) 
IC2-0"uif lu,o-inp"t t.ole (:1/olorol" MCiNI') 
fCJ-Jf,: flip-flop fMol"",I" MCnJf') 
IC4-R1"1. buger fFQircl,i/d pl.POO) 
Q1-T,allili.lar (,\'IIliOl,aI2.\'JI29) 

/U, R9. Rl1-.......470·ohm 
R1-J30·01"" 
IU. R6-1000·()/,,,, 
IU-IOO.OOO·ohm 
RJ-.......4i.OOO·oh'" 
Rl-IOQ-oh,,, 
RS-120·oh", 
R 10-2200_01"" 
R 12-680.000'01"" 
R I.J-1;·01:", 

All ,esislors 
Yi-wdli 

Mi.c.-I'C Ir'II,;",,1 (USECO 13101). oPlio""l. 
1101 pro ... idcd in llils. 13), #24 wi,e /0' ju'''pc'. 
solder. 

,\'vl,·:-Thr. /oliawilll; arc al'ailabir /,""", SOIlIf,· 
"'csl Tn/mical ",OO"ds. /)In: 162�1. Sa" A,,
tOirio. Texos 7821/'); flGllrd alld drilled fih,,
�/au ci,wil bf)lIrd, :tM lb. $3.20; u",rplclr 
lIil ,,/al/ parlJ ,equi,etl. ;;j\{./, $J4.6j, plus 
poslatG. 6 az. J 
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Fig. 2. Actual-size printed board lor 
the comparator module. Because of 
the comple�jty of the circuit, printed 
boards are a must for this project. 

'"0 

... 

Modular construction permits easy ad
dition of extra decades or use of a more 
accurate, crystal time base. For instance, 
the time base used in POPULAR 
ELECTRONICS' Electronic Stopwatch 
(March 1968) and Sports Timer (Octo
ber 1968) can be easily adapted for use 
in the counter. It is also possible to add 
divide-by-ten scalers to extend the count· 
er's basic range to 20 or 200 MHz, di
rect reading. 

I/le" DRILL a SET 
PC TERMINAL! 
(OPTIDN_l)(ll) 

Fig. 3. Drill the board as shown here, and install 
the single jumper on the component side of board. 

While the Universal Frequency Count
er is probably the most complex con
struction project ever presented in a 
hobby electronics magazine, the exten
sive use of integrated circuits and modu
lar construction greatly Simplifies the 
project. It is not a project for beginners 
but the procedure is relatively simple 
and straightforward. Parts and a com
plete kit are readily available as noted 
in the parts lists. 

*CONN[CT TO FLOATING INPUT 
COMIWN TERMINAL ONLY 

......, 

Fig. 4. Install the components taking care to ob
serve polarities of semiconductors and capacitors. 

March, 1969 " 



HOW IT WORKS 

COMPARATOR MODULE 

There are actually three: circuilJ in tbe Compa
rator module: a comparator, a 5ynehronilin, cir
tuit, and a rl.'Sel gener:l1or. 

'['he comparator (/C 1) is a high-litain opera
ti(lnal am\,lif,cr that comparH two input signals 
and I,ro"ides a digital outpU! signal generated by 
the difiert·nce OClwe<!n Ihe signal input and a 
relcrcncc signal. The reference Is du;,'c.1 from 
Ihe OUlput of the coml"1rator lJy I)()siti"c feed
back and ;3 either 10 or 30 millivolts 1)O�it"·c. 
When Ihe inslantan<'Ous "Dine of .lhc inllul si�nal 
is more than 30 millh-olts, the Oulll\ll oflhe com
par�lor I(OH 10 ground, hcliloecl alonR IJ)' a drop
IlinR reference "ohalltc tbroulth POsilkc feedback. 
If the input signal drops below 10 milli"olt�, the 
compualor OUlput !(On 1)O�ili\'C, aKain aidtd lIy 
feedback, Thij 11\"0.le\'el aClion is calltd h)'�Ie
resis. and il Pfrmi u Ihe comparalor 10 OIICf1IIle 
with inp�u lhal are noi!)' or are "cry lo,,·-Ire· 
'Iucncy sine ... a.-cs "';Ihout prodllCin,:I nois)' OUI-
1)Il\. 

The comf)<lralo, i� protecled on thc inpllt side 
by diod� LJ! and IJJ. which al$O act 10 restore 

Construction. The Universal Frequency 
Counter consists of seven modules, plus 
lhe case and some panel components. 
Module 1 is the comparator, module 2 
is the Scaler, module 6 is the Gate. and 
module 7 is the Power Supply. The con
struction of these modules is given in de
tail here. Modules 3. 4, and 5 are decimal 
counting units that are fully described 
in the Winter 1969 ELECTRONIC 
EXPERIMENTER'S HANDBOOK and 
the details of their construction will not 
be given here. 

It is advisable to build each module 
separately following the instructions 
carefully. Each module has its own sche
matic. parts list, and circuit board pat
tern, Note that round IC's are identified 
by a tab, fiat, or color dot beside pin 8, 
while the rectangular (inline) units 
have a notch or dot at one end. In the 
schematic diagrams, they are shown 
from the top and the pins are numbered 
counterclockwise from the identifying 
mark. Be sure that all IC's are properly 
positioned before soldering connections. 
Also be careful to observe the polarities 
of diodes and electrolytic capacitors, Use 
fine solder and a low-power <25-35 watts) 
soldering iron. 

Comparator (MI) The schematic for 
this module is shown in Fig. 1. A printed 
circuit board is a must. You can make 
your own, using the foil pattern in Fig. 2 
or purchase one etched and drilled (see 
Parts List for Fig. 1), Install the single 
jumper on the component side as shown 

" 

Ihe d.c. IC"el for narro .... pulse inputs. Feedback 
;s JI.o\,id .. -d by IN, Ri, and CJ and is bolh •. e. 

and d.c, Other comllOnents in the comPllrator cir
cu;t pro"ide powcr luppl}' dccoupJing and OUtllUI 
load matehing. 

The s)'nchToni�inlC circuit cons;sls of foor pIes 

and a JK Bip_flop. The circuil de1ar� Ihe inPUI 
measure command until the f'T51 inpUI sigllal ar
rives and holds the measure command ulltil one 
more inplil SilCnal pa!15e5 through lhe �wjlch, alIef 
the measure (ommand ceases. In thi� wa)', Ihe 
measuring inler"al is locked 10 Ihe sigllal to !J.e 
countc<l. This elimlnatu a onco(ounl bobble Ihat 
mi)(hl lake place If the measurement command 
were lurnc'll on at random eilher jun !J.efore or 
just after an inSl\II shlllal arri,·td. Transistor Ql 
is used to drive lbe COl:XTIXG indicator ligbt. 

The rl'5tt Iteneralor, 101, is a lIuficr connecltd 
35 a hall-monoslable circuit. It generales a Z· 
micT05CCo:1d rescl pulse al lhe booc;nning of lbe 
ml"3$UTC command 10 reset the counters 10 uro. 
OtICration of the RESET pushbuuon. intfrrupl5 
tbe ptnith'c �uPI,ly to pin I of IC4 and pro.-idn 
a. longer poslth'c output \"oll.3l(e. Eilher thc aUIO' 
malic \lulse or the manual resct ca� the read
OUI� 10 drop to �cro. 

in Fig. 3. To mount the components on 
the board, follow the layout in Fig. 4. 

Scaler (M2) The schematic for the 
Scaler is shown in Fig. 5. Construction 
will be greatly simplified by use of the 
circuit board whose pattern is shown in 
Fig. 6, Install the 12 jumpers on the 
component side of the board as shown in 
Fig, 7. The four jumpers marked with an 
asterisk should be insulated with small 
pieces of sleeving. Install the nine IC's 
and two capacitors as shown in Fig. 8. 

Gate (M6) The Gate module schematic 
is shown in Fig. 9. Once again, construc
tion will be greatly Simplified by the llse 
of a PC board. You can make your own 
using the pattern in Fig. 10. Mount the 
four jumpers on the component side as 

A NOTE ON DCU'S 

The Universal Frequern:y Counter can only 
use the new, low· power decimal counting units 
described lully In the Winter 1969 edilion 01 
ELECTRONIC ExPERIMENTER'S H"NOBOOK. Module 
kits sold by Southwest TeChnical Products 
since October 1968 are 01 the new type, 

Here's how to tell what you have: (1) il your 
DCU has only threa IC's, you have the new 
unit: (2) II it has lour IC's but no I-watt resls· 
tors, you have a medium· power unit, modifica. 
tion of which is suggested but not eSSetllial; 
(3) if it has four IC's and two 1,watt resiston. 
you have the original version which must be 
modified if it Is to be used in the counter. 
Modific:alion kits with complete instructions 
are available from Southwest Technical Prod. 
ucts. BOK 16297, San Antonio, Texas 78216. 
lor $1 per module. 

POPULAR elECTRONICS 
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PARTS LIST 
SCALER MODULE 

C I-JOOO·"F, J.\JIJI/ eicc/rIJ/ylic ca pucilor 
Cl-Q.I·"F, IO'M/I diJ' ufo",i, '/Jp,,�ilor 
ICI·1C8-MRTL dual JK /li p·flop (MIJI�TI)/" 

MC71J1I') 
ICIJ-RTf. duallwo-i"p,,1 ,ol� (Fa i"hild 

"LIJ14) 
JI/;sc.-#l4 wi" (12 i"",puJ). jllJ N/oled slut!

illt lor jump e .. (4). PC la.II;IIo/s (USECO 
IJI0E. opl;o "o/. U. 1101 provi d e d i" I.:it). 

Jolder. 
NOle;-Thc !ol/ow i", arc at.ailable 'ro", Soul/,

west Teclsllieal ProdNe/s, Eox 16l1J7. Sail ;1,,-
10";0, T e us ;82 f6: elclsed "lid dri lled fiber
�Iau ei reN;1 b oa rd. #M.2b. $2.85; ,amplelc 
kil al all p aTh reqll ;rtd. #M·l, $ll.IJQ, plus 
poslage. 6 O�. 

USE SLEEVING 
ON THOSE 

MA"KEO. (4) 

�LlMPE"S GO 
ON COMPONENT 
SlOE OF 80.0."0 

Fig. 7. After drilling the PC board. install the 12 
jumpers on tile component side in positions shown. 

HOW IT WORKS 
SCALER MODULE 

Thue are IGur ,ndependent diviuc·by-tcn or 
uecaue countcrs in Ihe Scaler motlule. Each coun
I�r, or scaler. cons,sts 01 four 1K flip-flops ,n � 

··nl(>dulo·l 0 minimum-hardware" circuit. the sim 
r>1�1 possible dl'Cade divider. 

Of the fllllr scalers. units A and n are used 
til dh'idc th" input fre<luenCl' by a faclor of 10 or 
100 as "l'Ct'"5Sary. Scalers C and I) arc Il�d in Ihe 
tin,inl( circuit III gencrate measure commands. 
Scaler C has a di\'idc·by.twll output. which vro
vides Ihe I,sccllnd measure command; scalcr D 
has a l-<:If.10 dI.'Codcr (/C9). which vrovid", the 
O.I·second mC3SllrC command. 

E�J���, 
'''011 .!SEC ""-!-'-!f; 

TO 5 IN 

Fi g . 6. Actual·size foil 
pattern for scaler module. 
This board. like all others 
is available etched a n d  
d rilled (see Parts List) . 

. , 

Fig. 8. When installing in· line IC's. observe tile 
notch lind code dot. Round IC has a llat at pin 8. 

POPUtAP. ELECTRONICS 
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Fig. 9, The gate module performs three functions: accepts. shapes. and converts 60 H� to 20 H�; 
produces .1· and 10·second gates (IC3); and mounts 0·1 and overflow Circuit (IC4. Ql, Q2, Q3). 

PARTS LIST 
GATE MODULE 

Cl-1-pF. 10-t'011 dcC/rolyl" cilpacilor 
C2, CJ-{}.I-pF. /0-"01/ disc ceramic (apacila' 
C4-100-1'I'. IS-"ol/ c/"Iroiylic capacitor 
Dl-l,\'I)14 sili(oll (l)",p"l<'r diade 
11./)-/).)-\'011. SQ-.",I illd"o/ar lamp assembly. 

two a'Qllge. 1111, 'cd (SallOr .. ·csl Tee/mical Q-6.J 
oml R·6.J. rcspcrlit·cly. I" si",ila,) 

/Cl--'-ArIlTJ. he,.. iliNT/a (MatllTola ,\/C781)1') 
fC]�fC4-MRTL d"af u.: /lip·flop (Malorala 

M;C71)IP) 

M<>"h, 1969 

QI-Q3-1",au,ij/ar (NaIiOllai2NJ129) 
RI-2200·0/'", ( 
R2. 1l3-1000-0 /,,,, All ,Mi.,or. 
R4-U_Qhm ��·WQII 
l(j-R 7---470-Q/,," 
M;s�.-#24 ,,,i'e (4 jumpers), imulalcd sluuiuC 

(1 illeh). bracket olld "'1)''''';1111 hurd'Warc for 
lamps, I'e Icrmillal, (USECO 13101J. I)pl;o,,· 
01, 9, 1101 pro"ided ill kil). solder. 

Nole:-Thc joIlO'U'i", ure a"'lilabl� from 51)11/1,. 
west TU/JlliGlll I',oo"cl •. 1J0 .• 16297, Sail AII
lo"io. Tt.tas ;$216: cl<;bed Illld drilled cirellil 
bOIl,d. =M·6b. $2.35: (l)'IIpfclc kil of IlII paris 
req,';rcrt. #M-6, $13.85, pillS posla&(, j 0:;. 

1 
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shown in Fig. 11. Insulate the lower 
jumper with suitable sleeving. Mount 
the components as shown in Fig. 12. 

A mounting bracket is required for 
this module to hold the three indicator 
lights. Details for this part appear in 
"Low-Cost Counting Unit," ELECTRONIC 
EXPERIMENTER'S HANDBOOK, Winter 1969 
and "Digital Volt·Ohmmeter," POPULAR 
ELECTRONICS, December 1968. The brack
et is mounted by match drilling to the PC 
board, then pop-riveting using #4 hard
ware. An orange plastic lens can be used 
for both the 0 and 1 indicators and a 
red lens for the .verrange indicator. 

Power Supply (M1) Most of the power 
supply. whose schematic is shown in Fig. 
13, is assembled on the PC board shown 

" 

Fig. 10. Actual·size foil pattern for 
the gate module. As in the other foil 
patterns, each input·output termina· 
tion and semiconductors are marked. 

fig. 1 J. Mount four jumpers 
on the component side of the 
board. making sure the indio 
cated jumper is insulated to 
prevent short circuiting le2. 

• _ 0 

Ir��l��fl-"" "0'"' 

TO !oj! 

• • 
0 0 

• • 
• 

i 0 
• 

0 0 
• 

• • 
0 0 
• • 
• • 
• • 
" + 
+ 

J 

S£C TO 52 

fllOM !oj2 

fig. 12. Moun t the board components as shown here. 
once again taking care to observe all polarities. 
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OI,t,05,4-IN4001 

06,',7,',',IO,II-IIIRI0501 

Fig. 13. Note the eight connections to the ground buss. This 15 done to reduce stray cou· 
piing between the various modules. Each module ground should be run on a short. heavy lead. 

PARTS LIST 
POWER SUPPLY MODULE 

C/, C1, CJ-/OOO-IIF, U-NJII clcc/,,,/yllc c�
Pllei/", 

CJ, (;6, C7--4000·IIF, (H'"I/ O'/,'c/,,,Ij'!ic '''_ 
paci/o, 

C4-{J,/-/d:. /0-\,,,11 diS( «',"mi, rllPQrUu, 
OI·'N-I_ump..,c, JI)_"/I' silir�" diotic, 1,\'41)01 

0' rll"it'ol,'", 
OJ-IJI I-J.�mpe'c ot'trur", �-I-"mprrr #"(', JO-

1'/1' lil;ow ,�clifirr (.llolo.ll/1l ,\/RWJUn, d" 
",,1 s"bJlit"fc) 

HOW IT WORKS 
GA.TE MODULE 

The Cate module contains Ihree circuits: the 
g.1te generator. the 10-$«0"d "'ta�urc conllnand 
/C�nerator, and the 0-1 counter lind overnow latch 
wilh indicators, The first two circuiUl, together 
with kalers C and D in the Scaler moduk, pro
\'Ide tile time base. while the 1:Ist circuit utcnds 
the range of the counter by h�lf a digit and pro
"idrs lin indieation 10 call au�ntion to the bel 
that the input signal has uaeded Ihe full counter 
cap;lf;ity, 

The gale /CenN3tor accepu the 6O-lh 1>O,,'Cr
line reference lrom the !)OWt'f IUI'I.I)' module. 
filters and clamps it. and then appliMi il \0 a ��
inverter SQu:lring circuit. ICI, I'ulith'c Ictdbad', 
"ia CZ, !'TO"ides addiliona! MICe ll��lIillg, 10 

Morcll, 1969 

FI-l-1lm�'fllllle 
RI-U-oillil, H-wull e.,bon resislo, 
TI-l1.6·t'oll 't.'''-lllp�d, Z-Ilmpcrfl filomul 

1'''''11'',,,,,, 
Aiisc.-I'C .. nlllint SP�ecfl lI"d h,dwarc, PC 

tcr",;n�fs I.USECO 13108, oplio"ol, 19. "01 
p'o�.iJcd ill l'U), lim: co,d wilk II,aill rditl. 
",st-hoMer 0",1 ,,,o'mli"l ',ord",,,,c, s(>ld". 

/";olc:-Tlle lallowin: u,e o"o;/oble I,om S(>"lh· 
u'tsl 1'rrlmicul l'rlJd .. ,ls, /hil: 16?97, SOli ,111-
10";/1, Texal 78116: clckc,1 .. ltd J,iIIliJ fiber
/I/IISS ci'rI.il boord. �M-;b, SJ.JO; ,om "Ide 
til 01 0111 "orl, 'cquirta, ::t.1l-i. $19.10 pi ... 
p/IJt�tr. J Ih. 

I>rO\'ide the IOO,nanoStCond rise :lod lall lilllu 
rC<lulred by the "e.�1 sla�e, 

A di"idc-hy_lhree counter (JCZ) U:!CS a pair of 
nip_nops 10 'Muce Ihe 60-Hz input to :l 20·Hz 
S(luaTC WaVe, This circuit is tll'istM slightly IrOUI 
a "normal" dil'idr·b)·-thrcc circuit to '"se some 
PC 1>o.,rd jnmrlers. The fiT$t ilill-nOp in ICJ di
"ides Ih� 2O-lh limo-ba!.C sixnal in.to 10 Hda 0,1-
sec �riod) II'hich is Ihe rdercoce required to run 
scalrrs C and D on the Scaler module. The StCond 
flip-nop COII\'e,ts the out!.ut of scaler C wbieh 
has a 1O-Si'C ll.c.iod into a !O� on and tO� 
off "''''''5ure cOlllmand as Tel'luircd for the 0-100-
H. r:",JtC, 

The 0-1 COUlller and OnrT3nll:ll latch is made 
up of IC4 dri\'inIC Il3n�i31l1rJ (II through OJ. 
n·bieh suPt,I)· pOlI-er In the al'l,ropri3te frout_ 
pane! indicator !amI);. 
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in Fig. 14. The power transformer (TI) 
and the fuse (Fl) are mounted on the 
counter chassis. Use a G·IO fiberglass 
base for this circuit board so that it can 
withstand the heat generated by the 
power diodes. Drill holes as shown in 
Fig. 15. 

To avoid stray coupling between mod
ules through ground connections, it is 

" 

• 

Fia:. 14. Power supply foil Inttern 
is the largest one in the instrument. 
It should be made on fiberglass to 
avoid heat damage from power diodes. 
To assist cooling. mount all diodes 
slightly off the board to allow cool 
.ir 10 Circulate around them to dis· 
sipate the heat. AlSO, do not allow 
the diodes to touch the capacilors. 

very important that all module grounds 
be isolated from each other and at very 
low impedance. For this reason, a wide 
ground buss is provided on the power 
supply circuit board, with a separate ter
minal for connections to each of the 
other modules. A separate :#:16 (or other 
heavy-gauge) wire should be run from 
each module to the ground buss. All 

POPULAR ELECTRONICS 



HOW IT WORKS 
POWER SUPPLY 

The power SUllply must provide mOre than an 
amp,ere 01 current at 3.6 ,·olts d.c. and oth,·r 
lower current SUPI)lies al +6, - 6, and +12 
\'olts. It also )ITOvides a.c. 10 the decimal IIO,nt 
lamp and the Galc module. 

To oblain ;In Ihese n.ltalles fTOm a sil1)(le 
power transformer rC(lu;rcs a [e'v mo'e d'odl'S 
than would no.mally be nC«led with a multi· 
wind;n� transformer. 

The +11_,·011 supply is derind (mm a ,"olt_ 
:I):e doubler consis.!in): of 01. 02, Cl. and Ct. 
The sUPI)ly ;s actually aooul 17 \"olls al the out· 

Fig. 16. Finish the power sup· 
ply by mountinB the compo· 
nents. Note that each module 
BrOI,JIld is made via an inde· 
pendent #16 BaUBe wire and 
one connection is made to 
counter case (upper r'Bht). 

ground leads should be kept as short as 

possible. 
Components are installed on the power 

supply board as shown in Fig. 16. Note 
that C5 is upside down with respect to 
the polarity of the other capacitors. Note 
also that all diodes point in the same 
direction. Be sure that there is sufficient 
cooling space between the diodes and the 
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put terminal; it is reduced 10 12 \"olls b)" Ihe de
coul)li"J( ",'Iwork ,n the Compa.:o\or module. 
SimUarl)" Ihe full_wa"e rectif'er made up of 03. 
V4. and C5 proddl""$ aoout -9 \"oits, which ;s 
red"c.�l tu -6 ,·oils in Ihe Compara,lO'. 

A second full-wan • .,.,Iif,er (lJ5 and V6) pro· 
duce!! +6 \"olts \\";Ih diod�" V7 and 08 aCiinl( as 
a dynnmic re�ulator. This sUI/ply is reduced b)" 
09. VI0. and Vl1 10 pro,·ide +3.6 '-Oils for Ihe 
inlCJ(falOO C;rCUiIS. While Ihe avern):" currenl 
Ihrou�h diodc� OJ thmugh VII is aool1l one 
amperc, Ihe lleak current is much larger-high 
enough 10 dam;'J(" ordinary silicon POWN diodes. 
"fila.! is wh)" thr'*·;\I1mcre silicon rectifiers nrc 
sP4'<'if,ed in Ihe Parts List. 

• 

• 

FiB. 15. There are no jumpe� on 
the power supply board. After it 
is drilled. mount the components . 

electrolytic capacitors since the latter can 
be damaged by diode heat generation. 

Connect the power supply module to 
the case through a single ground lead. 
Do not run any other ground leads to the 
chassis except the return for Jl, the 
INPUT jack. 
NOTE: F·inal assembly, alignment, and 
calibration will be given next 1Iwnth. 



Popular 
Electronics 

Uni�ersal 
Jrequency 

Counter 
BY DON LANCASTER 

Part 

2 

Note: COllstru.ctioll 0/ modl/les for the 
Coullter appeared ,,1 the March issl/e. 
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Assembl), of Complete Unit. The circuit 
for the overall counter is shown in Fig. 
17, while Fig. 18 shows the interior of 
the chassis. The vinyl-clad case that 
comes with the complete kit is punched 
and machined, and includes assembly in
structions. If you select another type of 
enclosure, usc Fig. 18 as a general layout 
guide. An optional dial plate (see Parts 
List for Fig. 17) adds a professional 
touch and also serves as a front· panel 
layout template. 

Modules Ml through M6 are arranged 
in a line along the front of the cssc, 
supported by brackets similar to those 
used on the "Digital Volt-Ohmmeter" 
(POPULAR ELECTRONICS, December 1968). 
The three decimal-point indicator lamps 
are placed between the decade units as 
shown in the photo, while the Power 
Supply module (M7) mounts on the rear 
wall of the chassis with spacers and #6 
hardware. The fuse (F 1) and power 
transfonner (T 1) are mounted 011 the 
bottom of the chassis. 

Note that Ule frame of input jack J2 
is isolated (insulated) from chassis 
ground and has an independent ground 
lead. called a "guard," running directly 
to the !tll board. This lead is very im
portant since it prevents any internally 
generated ground noise from interfering 
with the input. Use nylon washers to 
insulate the jack from the chassis. 

Don't forget the individual ground 
leads from each module to the power 

" 
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Fig. 17. Interconnections for complete frequency counter. Signal input jack J2 is 
insulated from chassis to prevent interna. noise interference with the input signal. 

supply ground buss. 
The main selector switch (82) has 

four decks, one of which is isolated from 
the other three by spacers. The isolated 
deck controls the 117-volt, 60-Hz power, 
while the other three (starting from the 
front) select the frequency, the timing, 
and the decimal point . 

., 

Preliminary Checkout and Operation. 
The frequency counter requires no cal
ibration and has no internal adjustments. 
It is only as accurate as the 117-volt a.c. 
power-line stability and display resolu
tion permit it to be. The following tests 
can be performed to check the general 
assembly for proper operation. 
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PARTS LIST 
COMPLETE COUNTER 

CJ-J_p.F, 400-'II01t MY/II' (,poci/o, 
11-14-d.1-VIIII, SO-..... pilol lamp alld Ic,u as_ 

lem"ly, Ih,etl ,reclI. IIlIe l."ltil(: (So"lInl!ed 
TultlliclIl G-6J IlIId 1I"-6J. ,cspcUi",dy 0' 
simi/II') 

J /-I'RI1I1I1 ;ae/l 
J2-I'RI1I1I1 jod IlIId 11)'1011 ;",,,Iulcd ",,,,,,,Ii,,, Ht 
M l--C,,"" "'QIO' mod"le 
Ml-Sclliu m.wllie 
M1-MS-DCU ",.wille (sec tert) 
M6-CQIC ",odllie 
Ml-I'o!i.·u 1""ly ",od .. lc 
RI--410_I1Rm, }�_""QI/ 'CSiSI", 
R1-JO,OOO·oh"" )4-wall ,cl;sll1' 
R1-JOO,oOO.,,/tm. ��."".II ,esislo, 
SI-Th,ce.,osi/i/III. ,i/lI/c" O/c dide r..,;/(R 
SZ-Fo"'-dcd. /o",-,olc, d,hl_po,iti"". 1111/1_ 

IRo";1I1I: m;/I;olll,e uler/or S!Dilclt. Clo,e spoee 
/irst 111"11 deelu, ;Smole /0,,'111 ,.,ilk )4-
,pucus. (S"/lt/lwcsl Tullllicill SW1I1S1 Of 
cqlli;'Q/o,') 

51-S.p.s.l. ,li,lc s"';lch 
54-S.p.s.l. IIo,mally cl�srd pusllbullolt swi/Ch 
M;sc.-1� x sy.w x 10' ";,,y/·clad. p"pwlChed 

elISe alld s .. pp�,t aSSfmbiJ', dialplalc-, IY.. 
jllcll kllOb, mm",I;", braclfl'lS 10' mOlI,,/es. IIIC
chanical/Ia,dwa" , :;t: 16 ",i,e /Q, t",,,,,,,s. #22 
hook"p :"';'c, suldcr. 

-tln�d;:rd dill/plale a:'ui/tlb/c /'0'" Reil/'s I'hMo 
Filli,l,iI'lI:, 4611 N. 11111 SI •. I'''oe"i.� .... ,holla 
8S014:;II black alld Ii/�'rr U.OQ: red. ,old. 0' 

cOPP" $1.4S. postpaid iI/ USA. 
Nolc:--C"mplele kit "/ pa,ts to lmild COl/lIlc, ;1/_ 

eI"di/l1l: CIIM /)1<' "M dilliplair is aNzi/a/Jic /,Im, 
Saltlln.""t Tuhll;(QII·'alf�rls. IJol( 16197. Sail 
AI/tollia, Texas 78116. O,dc, # 16JC, $I?D, 
pl"s porlatr, 7/lJ. 

Plug the counter into a source of 117-
volt 60-Hz power and place selector 
switch SB on EVENTS and switch 83 on 
FOLLOW. One, or possibly two. numerals 
in each decade should be illuminated. 
Momentarily depressing the RESET but
ton should immediately produce a 0000 
reading. 

Check all supply voltages. particularly 
the +6 and +3.6 volts, to be sure that 
they are within 0.1 volt of their correct 
values. The -6 and +12-volt supplies 
should be checked at their respective 
terminals on lCl of the Comparator 
module MI. 

Place thc range selector switch on the 
0-200 Hz position and observe the 
COUNTING light on the front panel. It 
should cycle on for 10 seconds and off for 
10 seconds. Place the selector switch on 
0-2 kHz. The COUNTING light should 
now cycle on for 1 second and off for 1 
second. With the selector switch on any 
higher range, the light should flash on 
for 0.1 second, once each second. 

To check the operation of the decimal
point indicators, place the range selector 
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HOW IT WORKS 
COMPLETE COUNTER 

The frfqucncy to be coun tM it applied to the 
sens,th'ity control. which roollCH the inl)ut IC"d 
by I or 10 to the 1II'proxim:Uc1y 100 millivolts 
re'"jUirM lor nonnal OIJoerMion. The signal is thell 
SC1l1 10 Ihe Comparator module (All) where il b 
con "crled from a �ine "'a"e 10 a ItIU3re ",a,'(, 01 
the S-:lmC Irto:luency with shall) rise and iall liml'S. 
An)' noi� Ihal miltht be prnenl in Ihe input is 
al"" re�lo:d in Ihe Coml)Olralor. Tile Comp.:a ..... 
lor OUIPUI is led dircctly 10 Ihe ,anl'e �ICClot 
s"'ileh 51 and al� 10 a pair 01 decade .calen that 
pro\"Kif'S d'.-ide-by-Ien and di,·id�"I.I}"�ne·hundred 
OUlPU\!. The laller are also connectto.i 10 tM
r3n):e sdeclor IwilCh. 

The oOII'ut 01 the Con.paratOr (f) is selected 
lor the E\"EXTS lunction, 0,]00 .k 0-1 kHl. 
0-10 L:II� and for ,he r�lfrnal )Catc lEXT. 
G .... TE) o]ICr:,tion. The OUlllUt Irom lhe 6rsl 
dt'Cade s.:alrr (1/10) is used lor the 0·200 Hz 
position. and ,h" oml'm of the second Kale. 
(1/100) i� u,;,.�l 10. Ihe 0·1 �Hh llOilition. 

The t,me base starl� " ith a 60-11� rdcrCllce 
lsom Ihe 1)(I\\"er ilupply. This �i)Cnal is nlter�-d. 
;;(Iuared, anti dividl'd b)" ,i� (all in ",od"lc M6) 
10 obtain the O.I·S<'Concl K"lin,l( rdct\·nce. Two 
didsions by len produce Ihe 1 'lI<'Cond and 10-
�""olHl time refe rencu. Thl'$c lime inter\"als. along 
with a l)(lsitivc "olta�e lor E\'Ie::" TS and no 
inplll for EXT. CATE 3rc routed 10 Ihe rnnge 
selector swilCh. 

From the sel""lor switch, the time commands 
go Ihrou�h the HOLD-FOl.tO\\" swi,ch which 
permits ill choice of llulonH'lic:,lI), updating the 
readi"': or holdinJ( the last rcadin�. 

lIoth the mraSure command and the seleclt<l 
input fr«tucllt)· )(0 throm.:h ,h� Iynchronizing 
circuil in Ihe CO"'I)'ualor module. The measure 
command turns the elf'Clronic switch on and off. 
hm il docs il ill such a '�ay ,h:.t only whole ey. 
cles 01 the inpul IrfqIlCnc)' arc counted. Thi, 
eliminates the onr ... liJ(il bobble in Ihe counlin):. 
Th.c lime-base' KaII'CI IrectucI>C)' Ihen I<OC"' 10 tM 
countin\! ao<l di""I:I,. circuit •. 

Th� counter can ll<! re$M In urn al any lin.e 
by OI)(' .... lion of Ihl" manual IU:��:T ]1II�hbuuon. 
but in nornlal modes of OIJoC'ration. 'h� counters 
arc aUlomatically ttsCt JUII ll<!forc a new COunl 
be�in5. 

The �ralion of tile <;(Iumer is fully au,omatk. 
The a"ailable mu�urc commallds �re 10.5 
mc:.sure and IO·! di�I,lay lor 0-100-lIz opera. 
tion: 1'5 ",e:m,.c and l-s di�)by for 0_2.Hh 
operalion ; and 0.1-5 n.casllre and 0.9-1 dislIla)" 
for the mhcr ran'[l'S. Tn kco:p the display on 
I"n<:cr. Oil) swi'ch S..Ilo HOI.n. 

switch on the 0-2 MHz position and note 
that the left decimal pOint indicator is 
illuminated. For other switch positions. 
lights should be on as follows: 0-200 
kHz, right: 0-20 kHz, center; 0-2 kH7., 
left; 0-200 Hz, righ t. 

With the counter still energized. set 
the FOLLOW-HOLD switch to I"OLLOW, 
the range switch to 0-2 kHz, and the 
SENS. (sensitivity) switch to .1. Insert a 
test lead in the INPUT jack and touch the 
other end of the test lead. Note that the 
counter starts opemting erratically only 
when the COUNTrNG light is lit. The 

" 



display should last only as long as the 
COUNTING light is dark. The counting 
units should start to count at the same 
instant that the COUNTING light comes 
back on. Placing the SENS. switch on 
either the 1 or 10 position should stop 
the counting operation. 

If the counter passes all of these tests, 
it is probably working properly and is 
ready for use. As a final check, and to 
gain some experience in using the coun
ter, use a bounceless pushbutton circuit 
(described in "Low-Cost Counting Unit," 

POPULAR ELECTRONICS, February 1968, or 
ELECTRONIC EXPERIMENTER'S HANDBOOK, 

Winter 1969) and a low-frequency audio 
oscillator. When using the counter, al
ways start with the SENS. switch down 
to the I or .1 position as required to get 
a stable reading. Also, do not forget that 
an input lead (whether it is coaxial 
cable or phono lead) that is too long will 
attenuate (and load) a high-frequency 
signal. 

Key Waveforms. The following infor
mation can be used if trouble is experi
enced in getting the counter to operate 
properly. The waveforms at various 
points in the circuit vary depending on 
switch settings and the nature of the in
put. However, there are some critical 
points at which the waveforms can be 
checked to determine whether the count
er is working properly. 

Comparator (Ml) When sufficient in
put signal is applied, the output at the 
square-wave terminal of this module 
(connected to Dl and R7) should be 

Fig. 18. Author's prototype 
may be duplicated or used as 
a guide. Because of the length 
of M7, the Power Supply mod· 
ule, it is mounted along the 
rear apron of the chassis. When 
using a different physical lay· 
OLlt, remember that the Power 
Supply generates some heat 
and mount it out of the way 
where it will not affect the heat· 
sensitive components that are 
mounted on the other modules. 

either a square or a rectangular wave 
from 0 to 2.4 volts positive. The output 
goes positive when the instantaneous 
input signal drops below +10 mV and 
drops to zero when the input exceeds +30 
mY. The rise and fall times of this wave
form should be about 60 nanoseconds. 

The feedback to pin 2 of lCl should 
show a steep leading edge that reaches 
+80 mY, followed by a rapid decay 
(about 90 ns) to the +30 mV level. The 
trailing edge of this waveform should 
have a rapid transition to -40 mV and 
a rapid decay back to +10 mY. This sig
nal is present only when an input sig
nal is applied to the counter. Because of 
the very fast switching of this waveform, 
you will have to use a high-quality, lab
type oscilloscope to make exact measure
ments although the basic signal can be 
seen on a conventional service scope. 

The synchronizing circuit in the Com
parator can be tested by using a bounce
less pushbutton and observing the ncu's 
and the COUNTING indicator light, in 
the 0-200-Hz range. The first count after 
the COUNTING light comes on should 
not be counted, and the first ncu should 
display starting at the second count. The 
first count after the COUNTING ligh t 
goes off should be counted and the dis
play should remain steady after that. 
Correct operation of this circuit guaran
tees that the device will only count whole 
input cycles. 

Scaler (M2) The input to the A scaler 
should be identical to the square-wave 
output observed on the Comparator. 

Output A/IO should be a rectangular 
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wave with a frequency 1/10 that of the 
input. It should be about 1.8 volts in 
amplitude and have a 6:4 duty cycle. 
This, of course, is also the input to the B 
scaler. 

COUNTER SPECIFICATIONS 

Function: Measuring lrequency, events. events· 
per·unit·tlme, or the ratio of two frequen· 
cies. It Is also a source of precision 0.1., 
I·, and 10·second timing signals. 

Ranges: 0·200 Hz. 0·2 kHz, 0·20 kHz, 0·200 
kHz, 0·2 MHz, events, and e)ltemally gated 
events or ratio. 

Accuracy: Power·line stability plus or minus 
one·hall count. Typical accuracy is 0.1 %. 

Resolution: One part in 2000 to full scale. 
0.1 Hz on O·200·Hz $Cale. 

Sensitivity: Switch adjustable from nominal 
0.1, I, or 10 volts. For sine waves-30 mY 
r.m.S. from SO Hz to 3 MHz; 300 mV r.m.S. 
from 5 to SO Hz. For pulses-symmetric 
pulse, 100 mY p.p; narrow positive pulse, 
50 mY p.p; nalTow negative pulse, 700 mY 
p.p. 

Input conditioning: Automatically pl'OVided lor 
all btlt mechanical contacts. High·galn IC 
comparator provides snap action, 10·mY 
noise offset, and 20·mY hysteresis. Any 
reasonable wave shape Is acceptable, In· 
cluding sine or square waves, or rectanllu, 
lar pulses of either polarity. 

Input protection: D.c. blocking to 200 volts. 
Combination dual·dlode limiter and d.c. 
restorer allows safe measurement in prac· 
tically all test situations. 

Input Impedance: 10·volt range, 112,000 
ohms; l·volt ranlle, 12.500 ohms; O.l·volt 
ranlle. 2500 ohrm. Typical shunting ClI' 

�city Is less than 30 pF. 
Gating: Fully synchronized master gate used 

to eliminate the one-count ambiguity as· 
sociated with older counter designs. Last 
digit is constant rather than bobbling be· 
tween two values. 

Display: Switch selects hold or follow. Infinite 
display in hold function. automatic updat· 
ing In follow. For 0·200 Hz, 10·second 
measure, 10·second display; for 0·2 kHz, 
l·second measure. I·second display; for 
higher frequencies, O.I·5e<:ond measure. 
0.9·second display. 

Miscellaneous; Automatic overrange indicator 
comes on when full·$CIle count i5 e)lceed· 
ed. Floating decimal points. Manual reset 
and override. Time gate outputs available 
at gate terminal during measurement. 
Modular construction adaptable to crystal 
time bllSe for higher accuracy. Extendable 
with Input scaling to 0·20 MHz or 0·200 
MHz. All solid·state cirCuit uses 26 IC·s. 
43 transistors. and 14 diodes. 
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The frequency of output B/I0 should 
be 1/10 that of A/10 and 1/100 that of 
the input to the A scaler. Its amplitude 
depends on the setting of the range se· 
lector switch, but it should range be· 
tween 1.8 and 3.6 volts, positive. It should 
have a 6:4 duty cycle and rise and fall 
times of about 50 ns. 

The GATE terminal of the D scaler 
should have a repeating waveform that 
goes positive about 2 volts for 0.1 second 
and to ground for 0.9 second. 

The output at C/2 should be a repeat· 
ing signal that is positive for 1 second 
and ground for 1 second, with an ampli
tude of about 2 volts. 

The output at C/I0 should be a re
peating symmetrical square wave with a 
frequency of 0.2 Hz (5-second period). 
with an amplitude of about 2 volts, posi
tive. 

Gate (M6) There should be a clcan 
60-Hz sine wave at the junction of Dl 

and R:1 on this module (terminal 60 Hz). 
It should be offset with the negative 
peak at -0.7 volts and the poSitive at 
+2.4 volts. 

At pin 7 of 1C1 there should be a 60-
Hz rectangular wave having 50-ns rise 
and fall times and an amplitude of about 
+2 volts. The output at pin 8 of 1C2 

should be a 20-Hz rectangular wave with 
a 1:2 8uty cycle and a 2-volt positive 
amplitude. 

The 0.1 SEC output of this module 
should be a symmetrical, positive-going 
wave at 0.1 second, with 5O-ns rise and 
fall times. The 10 SEC output should be 
positive for 10 seconds and ground for 
10 seconds. 

Reset. The reset buss (RST on all 
modules except M2) is at ground most of 
the time. Depressing the front panel 
RESET switch should raise the level of 
the buss to about 1.6 volts and all DCU's 
should promptly return to a zero indica· 
tion. Also during normal operation, there 
is, on the reset buss, a brief pulse, about 
2 microseconds long and 1.6 volls in 
amplitude. immediately after the leading 
positive edge of the selected. time gate. 
This waveform erascs the old counter 
indications and drops them to zero the 
instant a new measurement is to begin. 
This waveform can be seen best on a 
lab-type oscilloscope having both trig
gered sweep and vertical channel delay. 

"* 


