» T

[t

5 EETERE LT 34 FTRF LBl <03
1L ; - : :
PR R CEERE -8 Lol ) ol Jal oo
. 2 9 wioll g Do oG ] “of'e| ofelolol O
. : ] 3 o= (L QFFSET EnbBLE = =~ 1 =I=]~
= | A TEYRRY YT YN Y T Y 215
: : = = Noeesser YYYTYYYY
.;‘ ‘ \j\ospgzsm <0 >m‘mst'r — 'm’m (’-/4"5 : = T
4 Y B — ™
| EV ' ’ 2 , “u2oly 3 Msh SEF : 7 <__|_|=p-
] 1
* 29 4;—nmAuT|L1 ”—ml,imr“ 4—pm‘[@—“ +5Y Y 4fpﬁibﬁg—|_b_j
. B . Pa
| (%) e i RV e T a2 U5 S el U2 @l Tl Ulo S
! . \ 2 R0, 56Ln = Ce o sl _13leom g [ 2lp, oM~ el o DM alt
_ ) ¥ o5 (b TN Zfz ] 2 o, AT fo : W, 14TT6N o .
L}Z‘D\'5 — d s 8 T Egiu gp 12 k B,a ¥ 12 A} 13 (PW?D |
F ! PMT43ZM ol 3 ® i
o 515D T = T } B ) BESET
v . . SATE XIOOMHE W
AUDY (00 MHz —
— _ UPDATE. DISPLAY -
i » 2 T I r—'—q—li 13 r'—ap -
_a—] R &l A s
2o, azfi L1 slo, FRLNY L1 <z
uz| et Ul & W VIl
P . — Ea— Yos 7 el Hes — galle ] 10y
5 x|
i 7|, PM- Hll 9 DM gl o DM gl
~ G MTSH o |] % TATIN e — P+ 747N
{Larer) e (Laer) 2l {LaTe)
CLL B4 2 €34 [~ Y.
Ly — > ST 19
- s — ie® SAR AR {
e ' 1 7 I
R ——— (Bcn OUTPUTS)
b : Pl —' (a9 g2 J 3(411'.'-.12,))
. ' A ) Gup] v Te | b a—— :A 7 14 |9::. -
Fi A BT e A Il e
Lf w FESET P BCO oUTPUT IR - AT ) ‘°2° -
el b Uesrex 100 = |15 |BCO QurRUT oA Ul.4 = = - 1&: <1 I3 ::.; - =
] . T T e, - i - = - e 10% —— . - UG X U
||| |A| lasBrieo kizl"oT M ADDXISOMHE DM74I53N DM 741531 o) R R L pvyy OMTAISaN AL
# i 2 WS T [ 3 |EIERLE BLk uz@,mm 3ry . V ryL - & I i e . g
¢ i WPUT o COUWT Sal 7 | BLANKING ® R :n; MUX (g7 =y GMgX 3:; - IOSA 14 ) '03: —t: : , MUX yl? ="va\|”< M
E..} UPRATE DiSPLAY MUY outPuT D ] al "~ TAY |s"—_,_ zt ape Som 10°B 12 & 12 et 3Lt Al il oY D‘.
. ) oM e & [ B__aBf? 10% — 108, LA e A B
DY AIEBY] UTPUT DT o Mux L) outpur © M o y - 10 1o — % . 3 By T
£ Dey AeBUI ouTPUTC 5 M (D) outpyt B e Iy - "OiD m = lO:’:‘\ it 4 "
ﬁ ‘ Deu ses) suTeuT B [T . > Ll |o* 2 5 lo_mg — - iy
b DOU AIGBUI OUTRJT A - 5 L|e Tl S R By - —— L by
. R |, MY¥ D ot —10® 7|, MUX
1tux (DD soppees o= s Ty V2" meft J — iz z |, 3: — Wit
MU"%LW'UT;? ETg = #ﬁ———] =10 [ le - c
Uy (3) ouTPuT BF
D |4 >
Y e LAMPTESTI - 5 |BlaMe® -
¥ +5¥ Ty +5v - ; o
ﬁ aol =+ awp _ ATmuBourrur C_-\wa@ ¢
i : L egreur
sy O Lo WL 1 08 W — , =i= ——— . — .
T 3% ol I .ol I ol ‘
. : L = -0l : ‘ . N ® QuTPuT B
?é ' N _._:‘-mx_@wrpm =]
e Ll 2 J1 (Al10-42) s o3
e 1] LT . B4 1005 T Bil, 100, 8l T 1%
i ) Y
:-E af, Ul e B5o0n 21 5 e RiZ 1004 gl Uz Al
% Pl o, 22 i|, PMEIN 1, 26, 100 R, 0o gl OM744Th |,
i ICNG. NTan 12K HHe e ANA o] 2 | o | AAR— e B
UIJUﬁU")Uq 161 8 2 iim—sfr{/l\?o—a—- 4 11 —-——’wcm& [ 2|
! l::i;qll-;mq +5y - ne b 28,4004 =Tz g5, 1002 Q‘LDECQDEE ole ‘ FIGURE 9-4B
‘3 e O 14 : DECODER- BY 100 © Rl 106 ] ' . y
wosvi e 2 | 7 PeveR * [ | e 2 ¢ DRIVER - . | . SCHEMATIC DIAGRAM
< Ui uie, Do’y B | 12 : e : 3!——&\‘,&‘-— 7 | 14 e AARSRE Wo 5 : COUNT CHAIN 2 (A102)
. 22K ) . ! :
! S ) S— ‘.—; s ® (osriay orve unes) @) A 5 o o | ‘
L P & . . .

. ol [
\a.mnnc@ _(“EIPPLE k@ TEE

8-11

71
i
[



Y

wni{"vhwmmm-\mm

CS1A

COUNT CHAIN 3 (A103)

A103 receives BCD and carry signals from the High Fre-
guency Board (Al(8). The caxry signal is processed thru
- one-to four decade dividers(U2-U5}, with the-carry dutput
&t P1 pin E sent to the Gount Chain 2 Board {(A102). Gate
width commands from the RESCLUTION switches, control
data routing and shifting to place the data in proper posi-
tion for display. Display data for 1 Hz thru 1 kHz informa-
tion is stored on this board, with mux commands from the
Gount Chain I Board (4101) controlling the transfer of
this data o the front panel display.

Data from the first DCU on Al1DE enters at J2. The data

consists of four TTL logic bits giving the BCD information

frpm the first decade, and a 80% duty cycle ECL logic sig-
nal which ig the carry output from the first decade.

The ECL carry signal enters the EGL-to-TTL converter on
the base of Q1. R] and R2 provide a 95 ohm termination to
~1.4V (open circuit voltage at J2 pin 3). B5 and RE pro-
vide a reference voltage of 1.5 V at the base of Q2. Ql,
Q2, and Q3, form a differential cascods amplifier operating
In the over-driven mode as a leve] translator, R3 prevents
the TTL output signal from going negative.

The TTL carry signal enters a cascade of four DCU's [UJ2-
U5). The carry output from A103 can be selected from any
one of the four DCU's by a 4~wide, 2-input AND-OR-INVERT
gate {U12). The selection of the carry output is determined
by the RESOLUTION switches. For 1 second gate times,the
output comes from US§; for a 0.1 sec gate time, from U4, etc.

LT

Shbb b ol

There are four latches on A103 CU?—ﬁll)) which contain the

- information to be displayed by the 1 Hz thru 1 kHz digits.
The input to these latches comés from the first four decade -

dividers: input to U7 comes from the decade divider on the
High Frequency Board {A106), input to U8 from Al10302, to
U8 from A103U3, end-to U10 from A103074,

When the counter is operated in shorter gate time than one
second, the decade dividers contain correspondingly high-
er digit information. For example: For a 0.1 second gate,
the first DCU (on A1068) contains the 10 Hz information; for
a .01 second gate, 100 Hz information, and for a 1 ms gate,
1 kHz information. In order for this information toc he dis-
played properly, BCD information in the DCU’s ig shifted
to the right before it is transferred to the storage latches.

- The data shift ocours in sequence from right to left; that

is, the data moves from U4 to U5, then from U3 to U4, from
U2 to U3, and finally from J2-to U2. This shift sequence is
controlled by the four command signals: Data Shift A thrn
Data Shift D, generated on A101. This series occurs once
for 10 Hz resolution {100 ms gate), twice for 100 Hz reso-
lution {10 ms gate), and three times for 1 kHz resclution
and ahove (1 ms gate}. During the data shift process, the
normal ¢lock inputs to the DCU's must be inhibited. This
is accomplished by one third of Ull, and the four diode
gates (CR1, GR4, CRE, and CR8). These gates are held off
during sequence § when the data is being shifted.

Reset of the four DCU's is controlled by the counter reset -
line, and occurs after the data is read into the latches and

‘before the next counter gate perind. The inverted BCD in~

formation from the latches goes to J1 for use with the BCD
Otiput option.

The non-inverted BCD data from the four latches goes to a

4-by-4 mux consisting of U13 and 17114, This data is then
sent four bits at a time, to the Gount Chain 2 Board (A102),
where it is converted into 7-segment display information
to drive the front panel LED display. The contreol signals
for the mux switch come from A101 and are comprised of
two signals: mux address a, and mox address b. These
two signals form a binary code to give four addresses: 0,

~ 1, 2, and 3, as shown in Table 9-54.
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SELEGTED ADDRESS
INPUT . - g
0 0 9
1 1 0
2 0 1
3 1 1
TABLE 9-5A
. MULTIPLEX ADDRESS

FIGURE 9-5A

COMPONENT LOCATOR
COUNT CHAIN 3 (A103)
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CONTROL 2 [A1 04)

This unit accepts commands from the front panel controls,
programming mputs and internal control inputs. Front
panel controls include RESET, TEST, and BAND SELECT.

Internal control inputs to this unit are: SEQUENCE GENER-

* ATOR "0", SEQUENCE GENERATOR."5", SEQUENGE GEN-
ERATOR "8", PRINT command, and Gonverter LOGK. The
outputs of A104 consist of counter ‘cantrol 51gnals and a
front panel SEARCH indicator.

Circuit Description

The three Band Select input lines from P1pins 6, 7 and 8§,
each drive an inverter in Ul when ene particular line is
grounded. The ouiputs drive the smitters of transistor
switches Q1, Q2, and Q3. Their collectors connect directly
1o the Band Selection inputs on the High Frequency Board,
and energize the appropriate input channel amplifier for
that band. In Band III, however, the Q3 drive signal is
combined with two other inputs via thrée inverters with
open-collector outputs . The three inputs are: the BAND
10 SELECT (low in Band 1), the LOCK signal (low when
Converter is locked), and the TEST signal (low except in
the TEST mode). The counter must then be in Band ITT,
with the Converter locked and the unit not in the TEST
mode for the Band I input to be enabled.

If all the BAND SELECT commands are disabled (as when
switching bands), a RESET is generated. This is accom-
plished by combining the inputs to drive U5 pin'10. This
OR gate then drives the RESET trigger U8 pin 5.

Manual Reset and Test inputs come from front panel RESET
and TEST swiiches, and are fed through resistor-capa-
citor networks to Schmitt triggers composed of Q15, -18,
-17, and Q8, -9, -10 respscuvely These cireiits are
used to eliminate“the effects uf sw1tch contact ‘bounce. B

The output of the TEST trigger generates the ’IfES'If com-
mand for .A105, and the TEST signal. These signals are
differentiated and fed to the base of QI1, which then trig-

" gers the RESET command at both start and finish of ‘the

TEST cycle. The TEST signal also drives the bases of Q1-
Q3,disabling the input channels of A108 during the TEST
cycle. The TEST signal also removes BAND I ENABLE,
returning gate tme to normai. Finally it combines with
the Manual Reset to praduce the Visuaal Dlsplay Test func-
tion of U7 pin 11.

The Mannal Reset also drives the RESET trigger through
C11 and .Q12. This tngger drives the one shot U8 to pro—
duce the RESET pulse '

The CONVERTER RECYCLE command is generated at U7
pin 3, and is generated by either a Manual Reset, a band
switching RESET, or after initial instrument turn on. At
turn on, the circuit composed of Q4, Q5, and Q6 holds U8
in the triggered siate for several seconds. This output
sets the Sequence Generator on Al05 to “9“ and is equiva-
lent to resetting the counter.

In Band I, a LOCK command is received from the Con-
verter when a signal is acquired. This signal generates
a Reset through Q14.1t is also combined with the Band II

SELECT command to drive the SEARCH indicator (174 pin
8) on the front panel. In the event that the Converter loses

LOCK, the one shot U8 is triggered. The output of Us in-
- hibits the Sequence Generator to allow the -Converter to
, reacquire the signal without displaying zeros on the read-
““out. If a LOCK command is not obtained within the one

shot period, a2 BRESET is generated via Q13. If a LOCK sig-

- nal is reacguired,the delay time is reduced to a few milli-

seconds by Q18 and Q19.

In the event that the Sequence Generator is in the PRINT
or memory update portion of the cycle when LOCK is'lost,
the sequence is allowed to continue to the Display period
where it is held. This is accomplished by combining in
an OR gate, the PRINT command and SEQUENCE GENERA-
TOR "5" and then combining these with the output of U
at U5 pin 11. When LOCX is reacquired, the counter is
immediately reset.
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CONTROL 1 (A105)

This umt containg the cirguitry to generate the counter
control sequence and the gate time interval. Thesa func-
tions are derived fro;n the 10 MHz Time Base Oscillator.

Giock Geueratoi’

Transistors Q1 through Q4 form a Schmltt Trigger to
convert 'rhe 10 MHz time bese s:l.gnal to = sguave wave

further gated and translated to TTL levels in UB.

Seguerice Generator

This circuit produces the main contrel cycle of the counter -

by generating a sequence of commands. It consists pri-
marily of an address generaior U8, and & decoder Ul2.

Clocking is periprmed at a 100 kHz rate by dividing the
10 MHz TTL clock in DCU's U2 and U7. An cutput of 2.5

Mz is also .obtained at U7 pin 12 for the multiplexer
clock on Gount Chain 1 (A201). The gates of U5 are ar-

ranged so that both the 100 kHz and the 2.5 MHz signals
-are trains of 50 ns wide pulses

The 100 kHz pulse train drives address generator U8,
which produces a four line BCD code. The A and B out-
puts of U9 address Ul2, while the C output selects which
of the two decoders is active, This generates seguential
conirol signals. one on each of eight lines. Two more
signals are gbtained using the D output of U9 by itself,

or combined with the A cutpui. The gate inputs to U2
(pins 2 end 14) are iurned off during swiiching and
when not required, by an OR gate in U13. This eliminates
any outpuis due to switching transients.

Several internal counter operations inhibit the sequence
generator. In addition,Digital Output Option 04, and Re-

; \\;ozog

mote Frogramming Option 07, allow the sequence to be
externally inhibited.

‘Gate Gensrator

The Gate Generator provides the correct gate time inter-
val as required by the front panel RESOLUTION switch
settings. The time interval is controlled by selecting an
integral number of cycles of the 10 MHz Time Base Oscil-
lator. This then turns the Gate Binary U10 on and off
appropriately.

The Jﬁnajor element of the Gate Generator is a programmable

. multi~decade divider, U19.By applying the proper address

as shown in Table 9-7B, division ratios from 10° to 10°
can be obtained. A 1 MHz input is then used to generate
intervals from 1 ms to 1 second. DCU U16 divides the

10 MHz clock signal to provide the 1 MHz input for U18.
The address is obtained by processmg the four gate can-
trol 51gnals from A10L

For uperatmn in Band IT, it is necessary to expand the gate
time by a factor of four, since the incoming frequency is
divided by four. This is accomplished by disabling Q5.
The 2.5 MHz signal from U2 and U7 then appears at U pin
15 during the gate time and is combined with the 10 MHz,
signal to produce a 2.5 MHz pulse train at U17 pin 3. If
Q5 is enabled, then the 10 MHz pulse train will appear
there.

The Q@ output of U22 is combined in U17 with the 10
MHz clock and the A and D cutputs of U186 to produce fhe
Time Base Gaie Level at U17 pin 8. This arrangsment
guarantees that the gate time interval is precisely de-

Jtermined by the 10 MEz signal itself

It is necessary that the Qg output be no more than one
microsecond duration. The two flip—flops of UZ2 are inter-
connected in such a manner as to produce a single one
microsecond pulse every time the output of Ul9 goes low.

Display Time Generator

This generator ‘consists of U18, U15, Q6, Q7 and associ-
ated circuitry. Triggering the multivibrator U18 gener-
ates a pulse whose width is determined by C21 and the
resistance of the front panel SAMPLE RATE potentiometer.
Q6 is a current amplifier to increase the available range,
while DCU Ul15 is used to scale the range by a factor of
ten. The result is a display time period variable from
approximately 60 ms to 40 seconds, U18 is triggered by’
the SEQUENCE GENERATOR "8" appearing at pin 2. Once
turned on, feedback from Q7 to pin 4 holds the unit in its
free running state until pin 3 goes low. Pin 3 input is
derived from the output of DCU UL5, The Display Time
Generator output (U3 pin 12) is then used as ons of the
Segquence Generator Inhihit inputs. -

The Display Time cycle begins with SEQUENCE GENERA-
TOR "g" setting U15 (pin 7) to the "8" state which inhibits
Ulj (pin 3) from triggering. When SEQUENGE GENERATOR
"7¥ begins, UlS isreset (pin 3), thus enabling UIA. Period
"BY triggers 18 (pin 2) and the Seguence Generator is
then held in period ¥8" until U5 counts to 4, at which

time the display period ends.

Application of the front panel HOLD command at U13 pin

_ 8 holds U15 in the reset position so that the Sequence

Generator is permanently inhibited in period 8.

To assist troubleshooting of the Sequence Generator, a
Cycle Speed jumper is provided. If this jumper is moved
from +5 (Normial) to ground (Fast), the R (1} input (U15
pin 2} is brought low, and the Display Generator is in-
hibited, thus reducing the display time to 10 micro-
seconds.
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CONTROL LINE DIVISION
, RATIO

201 2t | 2%

1 1] o 10?

i 1] 1 10"

1 0] 1 10°%

a it 108
TABLE 8~7B

PRO GR;AMMABLE DIVIDER

FIGURE
COMPONENT
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PERIOD FUNGTION DURATION LOCATION
B COUNTER RESET 10yus -
0 3 MSD SET ‘ Mus 12 pin 9
1 OFFSET ENABLE 10 us "~ U12 pin 10
2 GATE GENERATOR SET 0ps U12 pin 11
3 GATE GENERATOR ENABLE 10 pe 112 pin 12
4 "GATE PERIOD GATE + 10 1§ U12 pin 7
5 DATA UPDATE 104s U3 pin 10
B/7 PRINT - 20ps ] T14 pin 6
3 DISPLAY PERIOD " Variable U9 pin 11

TABLE 9-7A

SEQUENCE GENERATOR COMMANDS

Commands are genarated as shown in Table 8-7A.
(Period numbering is determined by the cutput

Period 9:

* Pariod 0t

FPeriod 1:

Period 2:

Period 3.

—gtgte-of U9:)-The sequence proceeds as follows:

The starting point in the cycle. All
counting chain DCU's are veset.

In Band I, the YIG/Comb Generator
frequency is preset.

Used to preset countsr in conjunction
with Offset Option 06.

The Gaie Generator is set

The Latch Binary (U10B) is reset,
enebling the Gate Binary (U104).
The 10 MHz slock (U8 pin 7) is
applied to the Gate Generator.

Period 4:

Period &:

The Gate Generator is enabled and
inhibits the Sequence Generator {(U13
pin 8) for the duration of the gate time. |
The incoming signal to the counter is
counted during this period.

The accumnlated data in the counting
chain DCU'sis luaded into the latches;

Period 6/7: The PRINT command is generated in-

Period 8:

dicating the presence of data on units
equipped with Digital Quiput Option 08.

The Digplay Period. The Display Gen-
erator is turned on and inhibits the
Seguence Generator during this time.
The duraiion of the period is deter-
mined by the front panel SAMPLE RATE
control.
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HIGH FREQUENCY ({A106}

The High Freguency bosrd accepts RF signals from the
Preamplifier (A111}, Prescaler (A109), Converter (A2),
gate and 10 MHz Test signals from Control 1 (AI05).
Rangs signals from Control 2 (A104) select the appropri-
ate input which is processed, gated, and counted in the
first decade counting unit {DCU). Tha outpits from A106
are the Carry (f/10) signal, and the first decade of BED
information. These signals go to Count Chain 3 (A103) for
further processing. :

High Freguency board AiGS also provides programming,
frequency division, phase comparison, integration, and
part of the video signal amplification, for the source lock-
" ing phase lock loop (FLL). All signals for the PLL portion
of A106 enter or leave via J1, which conmect to Micro-
processor board A122.

Input Selector

A108 accepts three input signals (on J1, J2, and J4), and
a 10 MHz Test signal (73 pin £). One of the three inputs
. 1s seldcted by a command signal entering on P1 pins 12,
13, or 14, Each command line sits at approximately -12V
until it is selected, at which tme it is pulled up to aboiit
+ 0.7 V. These command signals turn on an appropriate

differential amplifier, which selects the input signal to be

processed. The signal into each gated amplifier is termi-
nated with z 51 ohm resistor. '

If the input to J1 is selascted, an additional amplifier stage
{UI1BA) is also turned on by the control signal. This sig-
nal is ac-coupled into the preamplifier stage to allow the
input to be biasad at approximately -8 V. The collectors
of U184 are operated against ground to minimize parasit-
ics. L2 and L3 in series with load resistors R35 and R37,

are high frequency peeking coils used to flatien the re-
sponse of the amplifier. R36 is used partly as a damping
registor for L2 and L3, and pertly to establish a -2 V level
at the output of U1BA for direct coupling te U168B. GCR14
and CR15 prevent large signals from overloading U16B.

Squaring Circnits

The input selector differentially drives sguaring circuit
Q12 and Q19. Q12 is a current mirror which is used as a
voltage-to-gurrent converter. The current from Q12's

~ collector is used to drive tunnel diode CR19. The action

of a\tunnel diode under a current driving signal is that

of a Schmitt trigger; that is, the voltage across the diode .

changes abruptly between iwo states (approximately 0.1
and 0.5 V], and therefore chenges a low frequency sine .
wave into a low fraquency square wave, with rise and
fall times on the order of half a nanosecond.

The voltage signal across the tunnel diode is used to .
drive the pulse forming ristwork. The network input is a
wide-band high speed differential amplifier (Q13/Q14), to
increase the amplitude of the tinnel diode signal, and

improve the rise and fa]_.l times. The output of Q13/Q14
drives current mirror Q15, used here as & current-switch.

Essentially, Q15 is either on or off, but the outpui is the.
current from the collector, and not a voltage signal. The
switched current signal drives differentiator L4. The
output of a differertiator with a square wave input is a
series of pulses — positive when Q15 turns on, ahd nega-

tive when Q15 turns off. The negative pulses {wider than

the positive pulses due fo transistor storage time) are re-

moved by CR23. Shorting out the negative pulses also
provides a damping effect on L4, improving its response
1o the positive pulses at high frequaencies.

These positive pulses are then coupled to pulse inverter
Q7, which has two furictions: to invert the pulse, and to
deliver the negative output pulses at the right dc refer~
ence level for decade divider UlB. A temperature com-—
pensated stable dc reference is provided by voltage divi-
der R75~77 and CR25-26. The inverter is kept from dis-
turbing this reference by belng biased just ai.cui-off.
This is accomplished by developing & forward bias for
the transistor from the voliage drop across CR14, whose
voltage matclhies the base-emitter voltage of Q18, keeping
Q16 just at the edge of conduction. Basieally, Q18is e
piilse amplifier, since it only conducts during a signal
pulse. The load resistor for Q1§ is the net equivalent of
the bias network R75-77. : '

Q16 dutput drives the input of decade divider U18. The
divide-by-ten output of Ul6 is a 60/40% duty cycle ECL
level signal, and is called the "DCU CARRY" gignal' (I3
pin 3}; the load resistor for this signal is on A103.

.
The gate signal to the DCU is an inverted ECL signal. It
enters on J3 pin 5, and goes directly to U18 pin 16. The
BCD ontput information is available at J3 pins 1, 2, 13,
and 14. During a count cycle at high'frequencies, this
information is slew rate limited, and actual output level
cannot be seen until the circuit comes to rest. After the
circuit is finished counting, TTL level signals are pres-
ent at these outputs. U18 is reset after the counting cy-
cla is complete by a TTL reset signal at pin 3.

Phase Lock Loop

The FLL generates a 50 kHz reference signal by dividing
the counter's 10 MHz time base in the reference divider
(U2B, UL16A/B, Q8, Q9). The incoming 10 MHz signal is
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convertad to a TTL signal by Q8 and Q8. The signal is
then divided by two in U2, by ten in U134, and by tern in
in ULSRB, resulting in a totzl division of 200, The 50 kHz
reference retains the same stability as the time base os-
cillator {A108). This reference signal! is applied to phase
detector U1l thrpugh phase reversing switch U0,

The second input to the phase detactor circuitry comes
from the frequency divider chain., The divider chein takes™
the IF frequency and divides it by the number programmsd
into it by frequency program registers U and U9, With the
exception of two bits, the pregram number consists of four
4-bit numbers (in standard positive logic format), which
correspond to the IF lock frequency.

The numbers are programméd serially into U8 and U9, with
the parallel outputs pregramming the frequency divider
chain (U3-UB) seguentially from the Ieast significant digit
to the most significant digit. Since the counter can never
be programmed above 319.9 MEz, only two hits dre ye- -
quired to program US (pins 5 and 11); the other two bits

 (pins 2 and 14) are hard-wired low. The iwo remaining

bits from U% are used for other programming funstions:
one bit (pin 10} is used to control the reversing of the
reference and divided IF signals to change the polarity
of the video signal; the other bit (pin 11) goes through
T4 pin 1 to the Microprocessor board (A122) to select the
narrow bandwidth mode of Iocking. (These last two func-
tions, generated by tha microprocessor on A122, have no
correlation to the frequency being programmed.)

Phase Detector

The phase detector compares the phase of the two in-
coming signals by measuring the time difference between
-their leading edges. The output of phase comparator Ull
consists of negative voltage pulses from pin 2 or pin 13,
with the width of the pulses proportional to the phase
error hetween the two signals. The advantage of this type
of detector is significant when the twe signals being com-
pared are not the same frequency. When this occurs, the
error pulses lengthen into a nearly dc signal, and the
phase detecter bedomes. & fregquency compatrator, indicat-
ing whether the divided signal is above or below the rei-
erence frequency. The only condition under which this
type of phase detector can lock up, is when the two in-
coming frequencies are identical.

FIGURE 9-8A
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Charge Pump

The remaining part of the phase detector cirouitry (Q2 -
Q4) is called the charge pump. This circuifry takes the
voltage pulses from the phase comparator and converts
them to current pulses. Q3 takes the negative voltapge
pulse from U1l (pin 13), and converis it to 2 4.8 mA col-
lector current pulsa, at about the same width as the voli~
age pulse from Ull. Q2 is an inverter which drives Q4,
generating a 4.6 mA current pulse of opposite polarity
to that of Q3, The current output pulses "pump" the
charge across C8 and C8 in the loop filter up and down,
to correct for the phase error beiween the two frequen-
cies entering the phase comparator,

Loop Filter

The losp filier (Q5, Qf) is an integrating type, which has
a de gain equal to the open loop gain of amplifier U13. The
gain of U13 decreases as a function of frequency, until the
impecance of C8 and C8 is Iess than R21, Abave this fFe-
guency, the ontput is eqgual to the input current times tha
value of R21. Since this is an integrating filter, capacitors
CB ané CY store a charge. At times during the lock up
procedure, it becomes desirable to "dump" this charge.
Q5 is held at cut-off by ~12 volts applied to its gate. When
current flows into Q8's emitter, QB saturaies, and its col-
lector and the gate of 95, go o +0.2 volts, This turns on
Q5, and dumps the charge on C8 and C8. '

The ouiput of the loop filter drives the loop amplifier,
consisting of a DAC (U14) and an op amp (U124A}. The
DAC is &8 CMDS switching type that is used as a digital
gain cenirol. The gein in Bands IA, IB, apd I, from TPL0

to TP7, can be celouleted from the equation: Freguency In
MEz, divided by 70.

In Band I, the divide-by-four Presceler reguires that the
gain of the loop amplifisr be muliplied by four. This.is
accomplished by the Band II command signal turning on
Q7, which switches RZ7 into the circuit. B27 essentially

bypasses 3/4 of the feedback current, resulting in an in-
creased stage gain of four. The output of Ul2A goss io
A121 for further processing before being used to contrel -
the frequency of the source being phasa locked.
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