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Features Applications
© 2nd Order Multiple Filter @ Programmable Filters
@ PLL Clock Generator © Voltage Controlled Filters
©® Programmable Q © Sinewave Oscillator
¢ F. set by RC or External Clock © Tracking Filters/Oscillators
® Gain Adjustment on Inputs @ FSK and PSK Modems
~ @& Single 5 Volt Supply CMOS © Square-Sine, Pulse-Sine Converter
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Fig. 1 FX406 Unifil™ /nternal Block Diagram "% %

Brief Description derived from a multiplying phase locked loop
The FX406 Unifil™ is a CMOS LSI circuit whose reference or input frequency is the
with a wide variety of signal processing same as the desired cut-off frequency of
applications. The device consists of a the filters. The PLL comprises a voltage
switched capacitor second order active filter controlled oscillator, one of two types of
with a single input and outputs for bandpass, phase comparator, a fixed divider and an
notch, lowpass and highpass frequency external RC loop filter. Facilities are provided
responses, together with a clock generator to to programme the cut-off frequency of the
provide the switched capacitor sampling filters by injecting an external signal into the
clock frequency. The centre frequency of the PLL, or by using the on-chip clock oscillator
bandpass and notch filters is the same as the circuit. The filters have gain adjustment on
cut-off frequency f,of the lowpass and the input and the Q is programmable to eight

highpass filters. The filter sampling clock is values between 0.54 and 8.0.
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FX406J |[FX406LG [FX406LH
1 1 3 PCI O/P: Output of ‘EXCLUSIVE-OR' type phase comparator.
See Note on PLL operation.
2 2 4 PLL I/P: Input to limiter preceding phase comparators.
3 4 5 f, O/P: Divided down VCO square wave output.
4 5 6 PQ, ) I/P: These pins set the Q of the filters; they have internal resistors to
5 6 7 PQ, set Q = 0.71 if left open circuit (logic state 101, & TMQ).
6 7 8 PQ, Possible Q values are:
PQ, PQ, PQ, Q
1 1 1 0.54*
1 1 0 0.58 (Bessel)
1 0 1 0.71 (Butterworth)
1 0 0 1.00
0 1 1 131
0 1 0 2.00
0 0 1 4.00
0 0 0 8.00
*(Cascaded with a 1.31 section for a 4th order Butterworth filter).
7 8 9 Clock O/P: Digital output of clock oscillator circuit.
8 10 10 Amp O/P: Analogue output of clock oscillator amplifier.
9 1 13 Reference: Inverting input to clock oscillator amplifier.
10 12 14 Clock I/P: Non-inverting input to clock oscillator amplifier.
11 13 15 VSS: Negative supply.
12 14 16 Vgias: Vpp/2 bias pin, externally decoupled.
13 15 17 Filter I/P: Input to filter input buffer amplifier.
14 16 19 Gain: Output of filter input buffer amplifier.
15 17 21 Highpass O/P: Output of the highpass filter. The cut-off frequency is
identical to the input frequency to the PLL when locked.
16 - 18 22 Lowpass O/P: Output of the lowpass filter. The cutoff frequency is the
same as the highpass filter.
17 19 23 Bandpass O/P: Output of the bandpass filter. 7, is indentical to the input
frequency to the PLL when locked. Gain in passband is dependent on Q.
18 20 24 Notch O/P: Qutput of the notch filter, £, is the same as the bandpass filter.
19 21 26 VCO I/P: Input of the VCO control voltage, usually connected to loop filter
output.
20 22 28 T hax: This pin is connected to Vsg via an external resistor Ryax (R17, see Fig. 7)
The value sets the maximum frequency of operation of the VCO, See
Fig. 9(a) & (b).
21 23 1 PCII O/P: Output of the edge-triggered type of phase comparator.
See Note on PLL operation.
22 24 2 Vpp! Positive supply.
= 3.9 11,12,
18,20, No Connection: Leave open circuit.
27,27




Absolute Maximum Ratings
Exceeding the maximum rating can result in device damage. Operation of the device outside the operating limits is

not implied.

Supply voltage —-0.3V to 7.0V

Input voltage at any pin (ref Vgg = OV) —0.3V to (Vpp + 0.3V)

Output sink/source current (total) 20mA

Operating temperature range: FX406J —30°C to + 85°C
FX406LG/LH —30°C to + 70°C

Storage temperature range:  FX406J —b65°C to +125°C
FX406LG/LH —40°C to + 85°C

Maximum device dissipation: All versions 100mW

Operating Limits

Typical characteristics measured using the following parameters unless otherwise specified:
Vipp =5V, Tamb= 25°C, PLL input = TkHz, filter Q = 0.707.

Limits specified over the full operating temperature and working voltage range.

Characteristics See Note Min Typ Max Unit

Static Characteristics

- Supply voltage 4.5 5.0 5.5 Vv
Supply current — 4.5 8.5 mA
Input impedance (Filter & Clock Osc) 1.0 - - MQ
Output impedance (Filter Outputs) = — 1.0 k&
Output impedance (Clock Output) — - 1.0 k&
Input impedance (PQ,, PQ,, PQ,) 250 - — k2
Output impedance (£, output) — — 5.0 kQ
Input logic ‘1 70% Vpp — — Vv
Input logic ‘0 — — 30% Vop V

Filter Characteristics
Maximum cutoff frequency 4.0 5.0 — kHz
Minimum cutoff frequency - 50 100 Hz
Gain at f; (f,) (HP BP LP) — 20 log Q - dB
Notch filter depth 1 - —-30 - dB
Notch accuracy 1 — +0.5% f, — Hz
Maximum signal handling 2 3.0 — — Vp-p
No signal filter noise (BP) — 6.0 - mVrms

(LP HP N) - 3.0 — mVrms

VCO Characteristics

S~ VCO maximum frequency 3 4.0 5.0 — kHz
VCO minimum frequency 3 - 50 100 Hz
VCO input impedance 1.0 - - M

Phase Comparator Characteristics
Input impedance 100 500 — kQ
Input sensitivity 4 30 10 — mVrms
Output impedance PCIL 5 — - 1.5 kQ
PCI — — 1.5 k2
Amplifier Characteristics
(Clock Oscillator and Filter inputs)
Open loop gain 40 — - dB
Input offset voltage — — 10 mV
Maximum signal handling 2 3.0 - — Vp-p

Q=8

For SINAD = 30dB at output.

VCO frequency divided down at f, output.

At PLL input pin, ac coupled.

Output impedance when conducting, output is high impedance three-state when PLL is in lock.

Notes:

AN~
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To assist in customer's design evaluation of the FX406, a PCB is available to enable external components
to be connected for easy evaluation of application circuits.
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Fig. 6 PC4060 Printed Circuit Board
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The following examples of external component connections illustrate the basic modes of operation of the FX406.
Where component references are used, these are the same as the circuit references on the PC4060 Evaluation PCB.

FILTER O/P

t FILTER

T 15
| o S ST _ﬂvsdeSLﬁL____l
IC:
Vsg e Vi

Futer VP O——C_F  Fig. 7 Example 1
© Cy Re —Using PCI with lag loop filter
—VCO range set using R, (Ry; ) and £, potential divider (R,, R,)
— Filter input with simple gain adjustment
— Clock input pre-filtered with 2nd order LPF,

Note: formula for frequency of 1
Astable oscillator f= A = Hz
2VR, CgLog. (1 +2% ) +2x10
4

FILTER
FILTER s
15
el
I Fig. 8 Example 2
o —Using PCII with a lead-lag loop filter

_T_ —VCO range set using variable R, (VR3)

— Filter input with anti-aliasing clock filter
Vss —Clock input using Astable oscillator with frequency adjustment




Note 1 — Setting VCO Frequency Range.

Set f,..,* of VCO by selecting R, using graph in Fig. 9(a) & 9(b). If Phase comparator I is being used, it is also
possible to set £, of the VCO by using the network shown in Fig. 9(c). R, may be determined using the graph in
Fig. 9lc).

*Frequencies shown in graphs are actually 7.,/ 128.
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VCO FREQUENCY (kHz)

VCO INPUT (Vdc)
Fig. 9(a) VCO Conversion Gain Curves For Different Values of R,z (R17/
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Note 2 — Loop Filter Design Note 3 — Phase Comparators

In order to maintain a fixed phase relationship The following table shows the principal characteristics
between the VCO and reference input (or clock) of second order loops using phase comparator I ('EX-
signals, a ‘second order loop’ must be established. OR’) with a ‘lag’ filter and phase comparator 1 (edge-

This is achieved by placing a lowpass filter between
the phase comparator output and the VCO control
input

triggered) using a ‘lead-lag’ filter.

This filter may be a ‘lag’ filter, (Fig.10a)or for improved PC_I PF I
stability a ‘lead-lag’ filter, (Fig10b). Input duty cycle 50% optimum don’t care
R, Rie Locks on harmonics Yes No
o_:r_o of wanted signal
Cis Noise rejection Good Poor
Vin C.q Vout Vin Vout
Ris Ripple at2 x f;, on Yes Low
loop filter output
Fig. 10(a) ‘Lag’ Filter Fig. 10(b) ‘Lead-Lag’Filter Lock range, 2f, S N
The overall loop gain is given by K. K¢ I(V.m. Kaiv Capture range, 2f. | m f max—min
o P
Where: Kp = p:hase comparator gain in volts/radian. Frequency of VCO . ey
K = filter gain in volts/volt. : —max — min
F 4 v . when not in lock 2
Ko = VCO conversion gain in radians/sec-volt.
Kgy = divider gainin radians/radian (1/128). Phase angle between 0°atf, 0°
, . y fefand f,../128in 180° at £,
Selection of the frequency at which the loop gain is ok veo 90° at mid—po?nt

unity (0dB) depends on the application, the unity gain
frequency should be high enough to allow the loop to
track expected variations of the reference frequency
but low enough to provide a ‘flywheel” action to
average noise and unwanted input transients.

Note 4 — Anti-aliasing

The relationship between f, and the switched
capacitor sampling clock in the FX406 is f, =647,
This type of sampled filter produces alias or image

Some typical loop filter component values for the responses centred on half the sampling rate, i.e., 32f,,
FX406 using phase comparator II are tabled below.

Filters with passbands extending beyond 32f will

Unity gain By Riys - have spurious responses reflected into the passband at
frequency (Hz) Q) () (F) a corresponding distance below 32f.
50 92k 13k 1u If the input frequency spectrum to the filter is likely to
100 39k 6k2 1 contain components at these alias frequencies then an
250 200k 62k 0.1u additional RC filter is required to attenuate these
500 16k 24k 0.1u inputs. This is easily accomplished by using the filter
input amplifier, Fig. 11 shows a 2nd order bkHz lowpass

filter with passband gain suitable for values of fy
When using phase comparator I, the loop filter above 250Hz.
frequency response may be used to limit the capture
range of the loop, that is the range of input

frequencies that the loop will lock onto. This property Ry» 47K
may be used to provide a degree of selectivity if Rya 100kQ
required. The following table shows filter component R,; 100k
values for various capture ranges. It should be noted o 560,,F
that the loop filter used here is the simple ‘lag’ filter Coe 150,F
(i.e. R, = 0), this is to minimise ripple at 2 x f;, on C.. 0.1uF
the loop filter output which would cause frequency Viaias
modulation of the switched capacitor filter response.
Fig. 11 Anti-Aliasing Filter
Capture Range 27 R, Gy
iz a (F) Special Note
100 470k 340n Care must be taken when using the FX406 at cut-off
200 100k 390n below 200Hz as the aliasing frequencies lie within the
500 100k 68n specified minimum passband of the filter.
1000 100k 15n On the highpass filter only, an additional lowpass
2000 100k 3.9n response exists with its — 3dB point at I, and a
roll-off of 20dB/decade.
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Fig. 12 Pulse to Sine Converter
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Fig. 13 1kHz Sine Wave Oscillator

Component
References
Component Uik
Value
R 24k
——————————— l HTZ 33](
Ris 39k
1
o) Rys 6.2
| Ry 1.8k
19 Cis o) 1.0u
=+ vCo S - & 0.1
15
f ' v Cis 1.04
20 2
T Tolerance
Ris T All resistors + 5%
I Capacitors + 20%
I VSS
9 18 |
Sl & 3 SINE WAVE
IR 0/P
15
11Vss 4] 5] 6 e _l
VSS
Component
References
Component Mnit
Value
Rs 200k
___________ | Rio 100k
Ry 24k
25 Riz 330k
I | Ria 220k
19 Ci Ris 13k
PCI i vco = Rig 91k
| = Riz 1.8k
L = Vas C\.C, 1.04
- Cy 4.7n
: 21 Ris Ry Cis 1.0u
PCII (=t | VR, M@
vV
l s Tolerance

All resistors * 5%
Capacitors + 20%

SINE WAVE
o/P
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— continued

Tolerance
All resistors £ 5%
Capacitors *20%

SET []HV
SQUARE :]
WAVE r
O/P=

S8

s
L

@ 18!

FILTER

Q=131

Fig. 14 Function Generator

TRIANGLE WAVE O/P

Tolerance
All resistors £ 5%
Capacitors *20%

FILTER

SIGNAL 'a'
iNPUT'_/.( '_?_13 __>
; A
—(lp 14
ADJUST - l WS
GAIN c, =}
Ril

=
o
n

Fig. 15 Voice Operated Switch

NOTES:

1. Adjust gain R, for largest filter
output without clipping.

2. Vary R, to give \; at point B.

3. Set R, for threshold.

4. Set C, for de-response time.

10
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Component
References
Component M
Value
Re 180k
R, 100k
R,s 13k
Rie 91k
R,, 1.8k
RV ™
G, 6o 1.0u
Gis 4.7n
Cis 1.0u

COSINE WAVE O/P
SINE WAVE Q/P

Component
References
Unit
Sompaient Value
R. 100k
Rs 56Kk
Rio 100k
Ry, 24k
R, 30k
R,s 62k
Hye 200k
Ris 1.8k
G, 1.0u
€ 10
g 0.1y

SET S/N THRESHOLD

SET DERESPONSE TIME

0/P VOICE
100k DETECT
RB
\ SET
SENSITIVITY




— continued

Component
References
Component A3y
Value
Ry 100k
Rip 100k
R'|'| 24k C‘s
Ri2 330k
Rys 2k | ¢
i ) Rig Ris
Rz 1.8k
VR, 100k Vaias
Ci G, 1.0u . Ry Vss
Cs 4.7n S5 l
Cis 0.1u =
18 Vss
Tolerance eilwah |
All resistors T 5% ‘::,SKES;:
Capacitors = 20% 155 = z
0' = 1200Hz
[ 00—
& I ' Q=80
Vss
Q Q
— - 0
D Q D
l_.l t pAtauPp
Fig 16 Baud FSK Modulator {150 b.p.s.)
Tx SYNCH O/P
Component
References
Component Unit 'I'olar;jmca
Value All resistors + 5%
Rs 200k Capacitors +20%
Rig 130k
Ry 30k
R]2 24'( r—
Rys 1.8k 8
VR = SET TO B00OHz
C]IC2 10]1 ] A P3
Cc 0.1 vV
13 K VR, oD
‘—{ Ir J'ID 20 vV
R R T’ é b DATA O/P
BIAS 10 4 1 | 577 l .
O; £ Pl [+4 ] R, Iﬂn
FSK INPUT +3 l Ve
‘1" = 600Hz I
(30— 100mV rms) I 18 Vi
I I: T e
‘0" = 1200 Hz G Ry |13 r-\‘ . FILTER
| VI'IJ\"\ J ]5
Po. %= uh | it __44%5&__J
]
"I =1 T Q=4.0
e
VSS

Fig. 17 Baud FSK Demodulator
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Package Outlines

The FX406J, the cerdip package, is
illustrated in figure 18. The ‘LG’ version is
shown in figure 19, and the ‘LH’ version in
figure 20. Both ‘LG’ and ‘LH’ packages are
supplied in conductive trays for handling
convenience.

To allow complete identification, the FX406
LG and LH packages have an indent spot
adjacent to pin 1 and a chamfered corner
between pins 3 and 4 for LG package,
between pins 4 and 5 for LH package.
Pins number anti-clockwise when viewed
from the top (indent side).

Fig. 18 FX406J Unifil™ D/L Package
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D NOTE: All dimensians in mm.
DIMENSION  MAX MIN
A 27,38 26.98
B 9.75 9.55
c 10.60 10.40
D 25,50 25.30
E %% TYPICAL
& 435y DIMENSION
H 4.27 349
| - 05

Ordering Information

FX406J 22-pin cerdip DIL

FX406LG 24-pin quad plastic
encapsulated, bent and
cropped.

FX406LH = 28-lead plastic leaded
chip carrier.

Handling Precautions

The FX406J/LG/LH is a CMOS LSI circuit
which includes input protection. However,
precautions should be taken to prevent static
discharges which may cause damage.

Fig. 19 FX406LG Unifil™ Pack age

Bl 4e—c—=
n—-—

=
| BRFaA8 %

i :
S INOERTS PxRs ——p=
== G =S )
¥ F!— od &
i 5 R 3
: 1
-
. ELTE —
[
B —-J"i-— NOTE: All dimensions in mm.  Angles in degrees,
_'] 7 DIMENSION  MAX MIN
_J\ N r { g Datum & Symmetry -
= =1 c 10.25 10.0
.l ’_-S i{s 1 D 6.38 6.32
1 = e E 10.25 10.0
i e =y E 0.55 0.47
/ =it G 6.38 6.32 -
A H 1.30 1.24
/ £ 25 =
y K 16.65 -
s & 0.1
M 1.0 0.85
N 1.0 0.8
P 8" TYPICAL
A 6 TYPICAL
S 1.40 1.14
T 0.22 0.1
v 23 TYPICAL
W/ 0.07 3

Fig. 20 FX406LH Unifil™ Fackage

DIMENSION MAX MIN
A 1.6 11.4
B 12,6 123
c 1.1 x 457 TYPICAL
D 3 TYPICAL
E 10.8 10.0
F 46 TYPICAL
G e 3°
H e 32
Jd 4.5 4.3
K 25 TYPICAL
L 11 0.5
M 13 TYPICAL
N 45 TYPICAL

CML does not assume any responsibility for the use of any circuitry described. No circuit patent licences are implied
and CML reserves the right at any time without notice to change the said circuitry.

Note: Unifil TM is the distinguishing “TRADE MARK' (Registration applied for) of the praduct FX406.
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