
/ PHASE-FREQUENCY
DETECTOR

MC4300/MC4000 series

MC4344F,L* 
MC4044F, L, P*

In p u t  Load ing  F ac to r: R l, V I = 3  

O u tp u t  Load ing  F a c to r  (P in  8 ) = 10  

T o ta l P ow er D iss ipation  = 8 5  m W  ty p /p k g  
P ropagation  D e la y  T im e  -  9 .0  ns ty p  

( th ru  phase d e te c to r)

This device contains two digital phase detectors and a charge pump 
circuit which converts MTTL inputs to a dc voltage level for use in 
frequency discrimination and phase-locked-loop applications.

The two phase detectors have common inputs. Phase-frequency de
tector 1 is locked in (indicated by both outputs high) when the negative 
transitions of the variable input (VI) and reference input (Rl) are equal 
in frequency and phase. If the variable input is lower in frequency or 
lags in phase, the U1 (up) output goes low; conversely the D1 (down) 
output goes low when the variable input is higher in frequency or leads 
the reference input in phase. It is important to note that the duty cycles 
of the variable input and the reference input are not important since 
negative transitions control system operation.

Phase detector 2, on the other hand, is locked in when the variable 
input phase lags the reference phase by 90° (indicated by the U2 and D2 
outputs alternately going low with equal pulse widths). If the variable 
input phase lags by more than 90°, U2 will remain low longer than D2, 
and, conversely, if the variable input phase lags the reference phase by 
less than 90°, D2 remains low longer. In this phase detector the variable 
input and the reference must have 50% duty cycles.

The charge pump accepts the phase detector outputs (U1 or U2 
applied to PU, and D1 or D2 applied to PD) and converts them to fixed 
amplitude positive and negative pulses at the UF and DF outputs respec
tively. These pulses are applied to a lag-lead active filter, which incorpo
rates external components, as well as the amplifier provided in the 
MC4344/4044 circuit. The filter provides a dc voltage proportional to 
the phase error.

L s u ff ix  = T O -1 1 6  ceram ic dual in -lin e  package (Case 6 3 2 ) .  
P s u ffix  = T O - 1 16 p lastic  dual in -line  package (Case 6 0 5 ) .



MC4344F,L f MC4044F,L,P (continued)

ELECTRICAL CHARACTERISTICS

Phase-
Freq

Detector

Phase-
Freq

Detector

5 A m p lifie r/A ,,

INPUT INPUT OUTPUT
STATE Rl VI U1 D1 U2 D2

1 0 0 X X 1 1
2 1 0 X X 0 1
3 1 1 X X 1 0
4 1 0 X X 0 1
5 0 0 X X 1 1
6 1 0 X X 0 1
7 0 0 X X 1 1
8 1 0 X X 0 1
9 0 0 0 1 1 1

10 0 1 0 1 1 1
11 0 0 1 1 1 1
12 0 1 1 1 1 1
13 0 0 1 0 1 1
14 0 1 1 0 1 1
15. 0 0 1 0 1 1
16 1 0 1 0 0 1
17 0 0 1 1 1 1

TRUTH TABLE

This  is n o t s tr ic tly  a fu n c tio n a l 
t ru th  tab le ; i.e ., it  does n o t show  all 
possible m odes o f o p e ra tio n . I t  is use
fu l fo r  dc testing .

X indicates ou tp u t state unknow n. 
U1 and D 1 outputs are sequential; 
i.e., they must be sequenced in 
order shown.
U 2  and D 2 ou tpu ts  are com bina
tional; i.e., they need on ly inputs 
shown to obta in  outputs.

@ Test 
Temperature 

-55°C
MC4344 { +25°C

+125°C 
0°C

TEST CURRENT/VOLTAGE VALUES

'OHI 'OH2 'in <D 'A v IL v IH v F v R v RH v out VCC VCCL VCCH

-  -  0.002 0.9

Characteristic 

Forward Current

MC4344 Test Lim
+25°C o(5C

Symbol Test Min Max Min Max Min Max Min Max Min Max Min Max Unit 'OL 'OH1 'OH2 'in •d 'A V|L V|H VF v R v RH v out VCC VCCL VCCH
Pulse

1 Gnd

•f j 14 7
3 _ -1.6 -1.6 Ł : ♦

>r 1 - 120 - 120 - 120 - 120 - 120 - 120 juAdc 1 14 - 7

4 I 5.0 I 520 I 5.0 I 5.0 I 5.0 I 5.0 I 3 1.4 5,7
11 - 40 - 40 - 40 - 40 - 40 - 40 ▼ 11 14 - 7

BVjn 1 14 _ 7
3 f f ł f : ł

VD 1 7
3 7

V<0H 6 2.4 2.4 2.4 2.5 2.5 2.5 Vdc g 13 14 7
12 2.4 — — 2.4 - 2.5 2.5 2.5 Vdc 12 - — — l'3 _ 7

7
V0 L 6 - 0.4 - Vdr 7
v OH 12 2.4 - 2.4 2.4 - 2.5 2.5 “ 2.5 Vdc - 12 - - - — ~ 1,3 - ~ - - - 14 - - 7

1 n 7
V0 H 6 2.4 ~ 2.4 - 2.4 - 2.5 - 2.5 _ 2.5 - Vdc - 6 _ _ _ 3 1 _ _ _ _ 14 _ _ 7
V0 L 12 - 0.4 0.4 - 0,4 - 0.4 - 0.4 - 0.4 Vdc 12 - - - - - 3 1 - - - - 14 - - 7

7
7

V0 H 2 2.4 - 2.4 - 2.4 2.5 _ 2.5 _ 2,5 _ Vdc _ 2 _ _ _ 1,3 _ _ _ _ 14 _ 7
v OL 13 - 0.4 - 0.4 - 0.4 _ 0.4 - 0.4 - 0.4 Vdc 13 1,3 14 7
v OH 2 2.4 - 2.4 - 2.4 - 2,5 - 2.5 - ■2.5 - Vdc _ 2 _ __ _ 1 3 _ _ _ _ _ 14 _ 7
v OL 13 - 0.4 _ 0.4 - 0.4 - 0.4 0.4 - 0.4 Vdc 13 - “ - - - 1 3 - - - - - 14 _ - 7
vOH 2 2.4 - 2.4 - 2.4 - 2.5 - 2.5 - 2.5 - Vdc _ 2 _ _ _ _ 1,3 _ _ _ _ _ 14 _ 7

13 2.4 - 2.4 - 2.4 - 2.5 - 2.5 - 2.5 - Vdc - 13 - - - 1,3 - - - - - - 14 - - 7
V0H 2 2.4 - 2.4 - 2.4 - 2.5 _ 2.5 _ 2.5 _ Vdc _ 2 _ _ _ 1 3 _ _ _ _ _ 14 _ _ 7

13 2.4 - 2.4 - 2.4 - 2.5 - 2.5 - 2.5 - Vdc - 13 -  • - - - 1 3 - - - _ - 14 _ • 7
vOL 2 _ 0.4 - 0.4 - 0.4 - 0.4 _ 0.4 _ 0.4 Vdc 2 1,3 14 7
vOH 13 2.4 - 2.4 - 2.4 _ 2.5 - 2.5 - 2.5 - Vdc - 13 - - - 1,3 - - - - _ 14 - 7
v OL 2 _ 0.4 - 0.4 - 0.4 - 0.4 _ 0.4 - 0.4 Vdc 2 _ _ _ _ _ 1 3 _ __ _ _ 14 _ _ 7
vOH 13 2.4 - 2.4 - . 2.4 - 2.5 - 2.5 - 2.5 - Vdc 13 - _ ~ - 1 3 - - - - - 14 - - 7
VOL 2 24 - 2.4 - 2.4 - 2.5 _ 2.5 - 2.5 - Vdc 2 - _ - 1,3 - _ _ - _ 14 _ _ 7
VOH 13 2.4 - 2.4 ~ 2.4 - 2.5 - 2.5 - 2.5 - Vdc - 13 - ~ - - 1,3 - - - - - - 14 - - 7
v OL 2 2.4 - 2.4 - 2.4 - 2.5 - 2.5 - 2.5 - Vdc 2 - _ - _ - 3 1 _ - _ _ _ 14 _ __ 7
v OH 13 2.4 • -  : 2.4 - 2.4 - 2.5 - 2.5 - 2.5 - Vdc 13 - - - - 3 1 - _ - - __ 14 _ - 7
vOH 2 2.4 - 2.4 - 2.4 ~ 2.5 - 2.5 _ 2.5 _ Vdc _ 2 _ _ _ _ 1,3 _ _ _ _ _ _ 14 _ _ 7

13 2.4 - 2.4 - 2.4 - 2.5 - 2.5 - 2.5 - Vdc - 13 - - - - 1,3 - - _ - - - 14 - 7
'sc 2 -20 -65 -65 3 1 14 2,7

6 I I I I I I I I | 1 I I I 1,3 14 6,7
12 i 1 1 i 1 i 1 1 1 1 i 1 1 I 7,12
13 f t T t T T T T T f T ▼ f - - - “ - 3 1 — - T - - - 7,13

'OLK 2 _ 250 - 250 - 250 _ 250 - 250 - 250 pAdc - _ - - - - 3 1 - - _ - 14 _ - _ 7
6

13 : 1 : I : } : 1 : 1 : i \ •1,3
1,3
3 1 I \

VCE 5 Vdc 4,7

VEH 10 1.5 - 1.5 - 1.5 - 1.5 - 1.5 - 1.5 - Vdc - - 10 - - - 11 - - - - - - 14 - _ 7
'O 8 0.2 - 0.8 - 1.0 - 0.5 - 0.8 - 1.0 - mAdc - - - - - 9 - - _ - - _ - 8 _ 7

'OLK 8 - 120 _ 120 - 120 - 120 - 120 - 120 MAdc 8 7,9
10 5.0 - 5.0 5.0 5.0 - 5.0 - 5.0 MAdc - - - - - - - - - 11 10 - - - 14 - 7

'PD 14 _ 40 _ 40 . 40 _ 40 40 40 mAdc 7

Power Requireme 
(Total Device)

Drain
outputs of the device must be tested by sequel 
‘ states according to the truth table and func 
ir supply and ground voltages must be maim 
wise noted. Procedures identified by a double 
nn are necessary to change the state of the seqi

icing through the 
tional diagram, i 
ained between te its unless 

; Symbol

Used to change power supply voltage



MC4344F,L , MC4044F,L,P (continued)

FIGURE 1 -  PHASE-LOCKED, 
FREQUENCY SYNTHESIZER LOOP

Figure 1 shows the MC4344/4044 in a phase-locked loop with 
the following features:

1. Zero phase error between the reference frequency and the 
output of the divide-by-N feedback, achieved because phase- 
frequency detector 1 locks negative edges in the system;

2. Adjustable channel spacing, achieved by changing the pre
scaling factor (-F P) when generating the reference frequency;

3. Digitally programmed tuning of the output, in multiples of 
the reference frequency, accomplished by changing N in the 
divide-by-N chain in the feedback loop.

Figure 2 shows phase detector 2 of the MC4344/4044, which 
operates as a correlation detector, used in a phase-locked loop. 
There are two differences between this system and that shown in 
Figure 1. First, the VCM output, when locked in, lags the reference 
by 90°. Second, since the correlation detector integrates the prod
uct of its two inputs over each cycle, it can handle signals in a 
high-noise environment. This loop is sensitive to harmonics, there
fore care must be taken to lim it the frequency range of the VCM.

FIGURE 2 -  PHASE-LOCKED, 
CORRELATION DETECTOR LOOP

N o te : Noise in th is  system  is 
the  j i t te r  o f each pulse  
around  its center.

* T h e  resistors, cap ac ito r, and F E T  
are ex te rn a l to  th e  M C 4 3 4 4 /4 0 4 4 .  
V alu es  o f R 1 , R 2 , R 3 , and C1 are  
d e te rm in e d  by o p era tin g  fre q u e n 
cy o f in terest.

1 .4  V



MC4344F,L , MC4044F,L,P (continued)

APPLICATIONS INFORMATION (continued)

FIGURE 3 -  SLAVE CLOCK 
PULSE GENERATOR

Figure 3 depicts the MC4344/4044 in a system used to generate 
a slave clock pulse with its negative edge locked to the negative 
edge of the master clock, but with adjustable pulse width. The 
pulse width of the slave clock pulse is controlled only by the mono
stable multivibrator, which is triggered from the negative edge of 
an input pulse.

The slave clock application is useful when the clock from a 
master computer must be slaved to that of a satellite.

^S la v e
C lock

M aster
C lock
J- L_

Slave
C lock

Pulse 
’ W id th

(S et by M o n o stab le  
M u ltiv ib ra to r)


