
NJM2206 

L O W P O W E R I F / A F P L L CIRCUIT FOR NARROW BAND F M R E C E I V E R 

• GENERAL DESCRIPTION 
The NJM2206 is a low power IF/AF PLL circuit for narrowband 

FM receiver with single or double balanced mixer-IF amplifier and 
detector. Its low power characteristic is capable for battery operation 
and remote control. 

This device is capable of high signal to noise ratio by PLL detector 
and high channel separation ratio performance. 

Since the NJM2206 can operate 1st IF input frequency at 25MHz 
and 2nd IF input frequency at 800kHz, the IC is suited for CB trans-
ceiver, wireless control system, and other communication systems. 

• PACKAGE OUTLINE 

HJM2206D NJM2206M 

FEATURES 
High Sens i t iv i ty 

L o w O p e r a t i n g Curren t 2 . 8 m A ( V + = 7 V ) 

High S /N Rat io 4 7 d B ( T y p ) 

Less N u m b e r of External C o m p o n e n t s 

P a c k a g e Out l ine D I P 2 0 , D M P 2 0 

Bipola r T e c h n o l o g y 

• PIN CONFIGURATION 

X ' T A L 
1 1 

o ~20l 1 s t I F I / P 

X ' T A L [ j T TsH C N D 

MIXER D E C O U P L E | j T V ' D E C O U P L E 

MIXER O / P [ j T " 1 V ' 

NC [ I T 16 | VCO T I M I N G 

2nd I F D E C O U P L E [ I T 15 | C A P A C I T O R 

2nd I F I / P i i J L O O P F I L T E R 

S Q U E L C H O / P [ I T J U L O O P F I L T E R 

S Q U E L C H ADJ [ I T m VCO D E C O U P L E 

A F O / P Q F j D 
V C O D E C O U P L E 

NJM2206D 
.NJM2206M 

• BLOCK DIAGRAM 
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• ABSOLUTE MAXIMUM RATINGS ( T a = 2 5 ° C ) 

P A R A M E T E R S Y M B O L R A T I N G S UNIT: 

S u p p l y Vol t age V + 
10 V 

P o w e r Diss ipa t ion Pd ( D I P 2 0 ) 7 0 0 m W 

( D M P 2 0 ) 3 5 0 m W 

Opera t ing T e m p e r a t u r e R a n g e Topr - 2 0 - 7 5 °C 

S to rage T e m p e r a t u r e R a n g e Ts,8 - 4 0 - 1 2 5 °C 

• ELECTRICAL CHARACTERISTICS ( T a = 2 5 ° C , V * = 7 V ) 

P A R A M E T E R SYMBOL T E S T C O N D I T I O N M I N . T Y P . M A X . U N I T 

Opera t ing C u r r e n t ICE — 2.8 3.8 m A 

1st I F F r c q u c n c y Bandwid th fn . — 25 — M H z 

1st IF A m p . G a i n G V I — 20 — d B 

Mixer Conver s ion Gain , g V M — 15 — d B 

2nd IF A m p . G a i n Gvm — 60 — d B 

Inpu t Singal D y n a m i c R a n g e V|DR for A F O u t p u t l d B devia t ion — 100 — dB 

M a x i m u m I n p u t Level VjMAX 0.2 — — V r m s 

Input Sensitivity S/N I At Input Level 10/xVrms 20 — — d B 

Signal to Noise Ra t io S/N 2 Input Level l m V r m s 40 45 — d B 

To ta l H a r m o n i c Dis tor t ion T H D Input Level I m V r t n s — — 3 % 
A F O u t p u t Level VO Input Level l m V r m s 24 30 36 m V r m s 

A M Suppress ion Ra t io S U P A M f o r 30% A M a t I n p u t Leve l I 0 0 / < V r m s — 3(1 — d B 

Squelch L o w Level VS 1 . 10/^Vrms Input — 0.1 1.0 V 

Squelch High Level V S H 0.5/xVrms 5 .0 6 .4 — V 

T h e test cond i t ions a re as des igna ted be low, unless o therwise specif ied. 

1st IF: 2 0 . 8 M H z , 2nd IF: 4 5 5 k H z , Modula t ion f r equency : 1kHz 

Frcqucncy devia t ion : 3 . 5 k H z 

Test circuit d i ag ram: See a t t a ched f igure. 

Ideal jigs shall be used . 
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• D E S C R I P T I O N O F O P E R A T I O N 
[1 ] IF A M P , M I X E R , and LOCAL O S C 
(1) 1st IF Amp 

Pin (20) is the signal input terminal. The 1st IF amplifier has the frequency characteristic shown in Graph 1 and the 
I / O characteristic shown in Graph 2. Also, Graph 3 shows the input impedance-to-frcqiiency characteristic, while G r a p h 4 
shows the input level-to S/N characteristic. 
(2) Local OSC 

This local OSC is composed by connecting a crystal oscillator and series capacitor across pins (1) and (2). T h e series 
capacitor is connected for finely adjust ing the oscillation frequency and reducing the temperature drift . 

Graph 5 shows the oscillation frcquency-to-power voltage and the oscillation level-to-power characteristic. 
Graph 6 also shows a change of the oscillation frequency to the capacitance of the capacitor connected in series. For 

details, please contact the crystal oscillator maker. 
(3) Mixer 

The mixer circuit produces the 2nd IF frequency by mixing the 1st IF A m p output and local O S C output signal with 
each other. A decoupling capacitor is connected to pin (3). 

Graph-1 1st IF A m p Frequency Response 
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(4) Pin (4)-GND Capacitor 
The capacitor to be connected across pin (4) and G N D composes a low-pass filter as 

shown in Fig. 1. 
The cutoff frequency f t = l & C R 
This cutoff frequency f c is set to be more than two times the 2nd IF frequency. This 

C is about 80pF maximum, and it can suppress higher harmonics components without 
affecting the 455kHz output . 

This behaviour is shown in Graph 7. 
(5) The capacitor across pins (4) and (7) serves as the coupling capacitor for the mix out 
and 2nd I F A m p stage. A ccramic filter is insertable instead of the coupling capacitor. 
(6) The S/N ratio is changed by the capacitor across pin (6) and G N D when the input 
level is low as shown in Graph 8. this is because the capacitor across pin (6) and G N D 
serves as the decoupling capacitor in the 2nd IF A m p stage, so that the 2nd IF A m p 
gain is reduced when this capacitance of the capacitor decreases. Fig. 1 

Graph-7 Pin (4) Low-pass Filter C Value-higher 
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[2] Operation Principle of PLL Demodulation 
(1) Operation principle of NJM2206 FM demodulator circuit 

When FM is locked at the center frequency, the oscillation frequency of VCO follows frequency change of the FM 
input V C O oscillation frequency to the input signal frequency and, the control voltage becomes the demodula ted output . 
VCOoscil lat ion frequency to the input signal frequency and, the control voltage becomes the demodulated ou tpu t . 

The FM demodulat ion circuit of NJM2206 is constructed as shown in BLOCK D I A G R A M 2. 

Fig. 2 PLL Demodulation Circuit Block Diagram 

Assume Vj be the input signal voltage and v„ be the VCO signal voltage in Fig. 2. 
vj = V, sin |fOjt + fli(t)) : ( I ) 
v„ = V„ cos {w„t + fl„(t)j : (2) 

From equat ions ( I ) and (2). signal voltage vc after eliminating high-frequency components via the LPF is obtained by 
equation (3). 

vu = K, vF(S)-s in {'(«)*-«>,,)t + »i(t) - 0„(t)} ••• O ) 
Where F(S): Transfer function of LPF 

K d : Conversion gain of phase comparator 
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When (lie lingular frequency of the input signal coincides with the angular frequency of the output signal, error voltage nc 

proportional to the phase differences is obtained as shown in equation (4). 
fc = Kn-F(S)-sin ( « ( t ) - fl>(t) ] 

= K d ' F ( S ) ( FFI(t) - 0O( t ) ) ( 4 ) 
Also, the Ue - to -VCO angular frequency a>0 relation is represented by equation (5). 

co0 = eot+ KOIFE ( 5 ) 

where <ot: Free-running angular frequency of VCO 
K,,: Conversion gain of VCO 

Since the microscopic change of the phase angle with time is given by the angular frequency change component AwQ 

w e o b t a i n ; A a 0 — K 0 • % = d $ , ( t ) / d t ( 6 ) 

From equations (5) and (6), we obtain the PLL transfer function as shown in equation (7) 
H , s , _ U S ) _ KF(S) 

1 1 0,(S) S+KF(S) ( 

where K = K„ • K D : Loop gain coefficient 
Assume that 6e(S) = 0i(S) - M S ) . and wc obtain equation (8) from equation (7); 

• = S — <8) 
6i(S) S+KF(S) 

Let's consider about the phase difference of the input signal and VCO output signal when the angular frequency of 
the input signal has changed stepwise by Aw, while PLL is being locked. 

Since = Am/S"1. wc obtain from equation (8) 

l i m M t ) = l i m M S ) = ( » ) 
t - c o S - O KF(S) 

It is understood from equation (9) that phase difference Be between the input signal and VCO output signal is proport ional 
to angular frequency deviation A m values. 

From equation (9), 8e = Aru/KF(S). Error voltage Ve produced when the phase difference Be has been generated is 
obtained from equation (4) as follows: 

V' = K D • F(S) • BE . . . . . ' ( » ) ) 

From equation (10). 
Ve = AFFL/KO ( I I ) 

The output voltage of the phase comparator (after the LPF stage) is proportional to the angular frequency deviation 
of the input signal when a phase difference has been produced. Accordingly, this error voltage serves as the demodula ted 
output of the FM signal as it is. 

References: "Phase lock techniques" Floycd M Gardne r 
"Basis and application of PLL", Hideo Kadota 

(2) Low-pass filter (LPF) 
The LPF of NJM2206 is shown in Fig. 3. 

Rc 
10kS2 

< I RB ! < Ha 
F 15KFI J < 33K£2 

© 
1 R, O— 
1 ® || R 

1 
II 
C 

IC Side I 

Transfer Function F(S) = 
s r , + i 

s < r , + r , ) + i 

Fig. 3 NJM2206 LPF 

R,=(RA //RBI + RC 

r , = c r , , r , = cRi 
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T h e loop band is determined by this LPF, and it affects the maximum phase deviation capture range, maximum frequency 
response characteristic, or nciise bandwidth. The PLL transfer function is obtained when the LPF shown in Fig. 2 is used. 

w„ 
Sa in ( 2 5 -

H ( S ) = -

) + ru„ 

S 2 .+ 2 t (On S + a>„ 

'"". 'Natural angular frequency 
r, + t-i 

K 

When K : • 1. £ = 

r 2 

(On n 

)1,2 ( + 1 
): Dumping factor 

This filter is characterized that since the loop gain, and damping factor are adjustable separately, the narrow band is 
obtainable with high stability of PLL. 

Exmaple of calculation of LPF constants 
K„ = 0.51',,: Conversion gain of VCO, f„: free-running frequency 
K|) = 1.96: Conversion gain of phase comparator x gain of amplifier 
K„Kd = ii.ysr,, 
R, = 20kn 

The above values are calculated from the design values of the NJM2206 circuit constants. 
Assume that the maximum frequency deviation Af = 3.5kHz, the modulation signal 

frequency f,„ = 1kHz, l'„ = 455kHz and the maximum phase error ,„.„ is obtained by; 
2jt Af 

K,,K„ ' f„ 
Assume that natural angular frequency f„ = Klkl-lz, and we obtain from Fig. 3; 

</>e 

(1.05 

A f 

In 

= 0 . 1 

0 . 1 x 
A f 
f„ = 0.035 

1 0 k H z ; Accordingly, we obtain, assuming that f„ 
K„Ki>fo 

n + r 2 = = 113/nS 
(2 7t fn)2 

Damping factor £ = 0.707, 

T2 = =  22^s  
2 it In 

•••r, = 9 1 / x S 

From these values, we obtain C and R ; as follows. 
C = n / R , = 4500pF 
R, = T2/C = 4.9kQ 0 .2 0 . 3 0 .5 0.7 1 .0 

( O m / C O n 

Fig. 4 Steady-state Phase Error by Sine Wave FM 
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(3) Effect of LPF constants on the detection characteristic of PLL demodulator cir-
cuit 
Graphs 9, 10 and 11 show the input-to-output characteristic, modulation frequency-to-

A F output characteristic, and frequency deviation-to-distortion factor characteristic when 
L P F constants were changed, respectively. Table 1 shows LPF constants in these cases. 
• Input-to-output characteristic (Graph 9) 

The noise level from - lOOdBm to - 7 0 d B m is affected by the natural angular fre-
quency and lock range. Since the input level, where the noise level suppression is started, 
is transient just before the PLL is locked, the noise level is affected by the damping factor 
and capture range. 
• Modulation frequency-to-AF output characteristic (Graph 10) 

The band is demodulated from (1) and (2), and determined by the natural angular 
frequency. If this band is wide, the noise level increases; 
• Frequency deviation-to-distortion factor characteristic (Graph 11) 

The maximum frequency deviation is determined by the natural angular f requency. 
• LPF constants, the capture range, and lock range (Graph 12) 

Graph 12 shows the capture range and lock range when LPF constants were changed. 
From this graph and the input-to-output characteristic shown in Graph 9, it is understood 
that the noise level is changed by the lock range. 

Table-1 

® C=2200pF, R2 = l k n f „ = l 5.6kHz. £=0. l 

© C = lOOOpF, R2 =330n f„ =23.6kHz, f=0 .02 

® C=2200pF, R2 = 5 . l k n fn = 14.3kHz, 5=0 .5 
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Graph 9 Input-output Characteristic Graph 10 Modulated Frequency 
vs. A.F. Output Voltage 
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(5) VCO 
Graph 13 shows the V C O oscillation frequency-to-LPF output voltage characteristic. The LPF output voltage (voltage 

across pins (13) — (14)) becomes the V C O control voltage. 
As shown in Graph 13. this relation is linear, and its gradient is determined by the VCO convers ion gain. 
Also, the linearity range is closely related to the lock range. Graph 14 shows the V C O frcc-running-to-timing C charac-

teristic to show a change of the V C O freeTrunning frequency when timing C is changed. 
The capacitor connected across pins (11), (12) and G N D suppresses the higher harmonics of the V C O output . 

G r a p h 13 V C O Frequency 
vs. LPF O u t p u t V o l t a g e 
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[3] Sque lch Circuit Funct ion 
The squelch sensitivity is adjustable by the resistance value R connected between pin (9) and V * . Graph 19 shows the 

relation between resistance R and squelch release level. As shown in graph 20, the squelch sensitivity corresponding to 
the S/N ratio required for mute function is adjustable by resistance R. Graph 21 shows the power voltage-to-squelch release 
level characteristic. Also, the squelch attack time is adjustable by the capacitor connected across pin (9) and G N D . This 
characteristic is obtained by changing the gradient of the squelch level from a high level to a low level by using an external 
capacitor. 

(Note) Squelch release level: Input signal level when the squelch level (pin (8) D C potential) changes f rom the high 
level to low level. 
The V C O timing C is adjustable by maximizing the D C voltage of pin (9) when an lmVrms non-modulated signal input 

is applied. 

G r a p h 19 Sque lch O p e n Level vs. 
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[4] N J M 2 2 0 6 overal l character ist ics 
(1) DC characteristic 

Graph 23 shows the power voltage-to-current consumption characteristic, while graph 
24 shows the ambient temperature- to-current consumption characteristic. 
(2) AC characteristic 

Graph 25 shows the power voltage-to-output level characteristic. As shown f rom this 
graph, this IC is characterized with small change of the A F output level against power 
fluctuations. 

Also, the input /output characteristic is shown in graph 26. Graph 28 and 29 show 
the S/N rat io, sense, and A F output level-to-power voltage characteristic and the S/N 
ratio, sense, and A F output level-to-ambient temperature characteristic, respectively. 
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Graph 24 Operating Current vs. 
Ambient Temperature 
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Graph 28 Signal to Noise Ratio, Sense, 
AF Output Level vs. Operating Voltage 
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Graph 29 Signal to Noise Ratio, Sense, 
AF Output Level vs. 
Ambient Temperature 
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[CAUTION] 
The specifications on this databook are only 

given for information , without any guarantee 
as regards either mistakes or omissions. The 
application circuits in this databook are 
described only to show representative usages 
of the product and not intended for the 
guarantee or permission of any right including 
the industrial rights. 
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