120 MHz PLL for AM/FM Receivers 062332724

SDA 2120

DIP 22

The SDA 2120 contains the complete digital section (reference oscillator, 20-bit shift register
with memory, programmable divider, band select outputs as well as a phase detector, two
charge pumps, one current multiplier, and two amplifiers) for tuning an AM/FM receiver

by PLL frequency synthesis.

A serial interface facilitates connection to a microprocessor. The microprocessor will load
the divider, the band select outputs, and the current multiplier with the suitable information.

Features

@ |ntegrated prescaler
@ Switch-selectable from AM to FM
@ High frequency resolution FM =125 kHz, AM = 0.5 kHz

Maximum ratings

Supply voltage Vg

Tuning supply voltage VSAM/VSFM
{FO, PLE, CPL Vi

Band select: UKW, SW, MW, LW Vas

AM, FM Vamem
Input current amplifier I

Output current ampiifier Toamiem
Junction temperature T;

Storage temperature range Tstg
Thermal resistance (system-air) Rinsa

Operating range

Supply voltage Vs
Ambient temperature range Tamb
Resistance for charge pump current?) R

Input frequency input AM fiam
Input frequency input FM firm
Prescaler factor LW/MW NiLwmaw
Prescaler factor SW/UKW Newiukw

1) Multiplication factor M =15
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SDA 2120

Characteristics (Vs =5V, T,no = 25°C)

min typ max
Supply current I 60 mA
L tuning voltage vtunAM/Vtun FM (IDL w25 mA) VDL 0.5 \'
H tuning voltage Vi nam(Vsa =32 V) Vion 1 am 30 v
H tuning voltage Viynpm (Vgp = 32 V) ViunHFM 30 v
Sensitivity input AM (f =10 MHz) Viam rms 10 myv
Sensitivity input FM (f =120 MHz) Viemms 20 mv
Input resistance input AM Riam 1 kQ
(f=10 MHz; V; aprms = 100 mV)
Input resistance input FM Riem 0.5 k{2
(f=120 MHz; Vigprms =100 mV)
Input capacitance, input AM/FM C; 4 pF
Inputs IFO, PLE, CPL
Upper threshold voltage Vs, 2.01 v
Lower threshold voltage Vg 0.81 v
H input current iy 8 HA
L input current I —50 HA
BS outputs: UKW, SW, MW, LW
(Vpp =15 V) Ln 10 pA
{0.5VEV,,=15V) I 0.8 1.2 3.0 mA
Oscillator output F
(IFH =—100 MA) quH 45 A
(IFL =100 p.A) Vq FL 0.7 Vv
Residual ripple of the tuning voltage Viun am 5 uv
(f =0-1 kHz, test bandwidth 10 Hz)
(f = 1-50 kHz, test bandwidth 100 Hz) Viunem 1 pv
Charge pump output current AM/FM Iqa +500 pA
(RiI=130 kQ, M =15,
I x tested against 2.5 V) tristate 5 nA
Switching times
IFO, PLE
Set-up time for enable tse 0.3 us
Set-up time for data tso 0.4 us
Hold time for enable the 3 is
Hold time for data thp 3 [T}
CPL
H pulse width teH 2 ps
L pulse width teL 2 ps
F
H pulse width ten 200 ns
L pulse width tr 300 ns
H/L transition time (C, ; =10 pF} tenL 20 ns
L/H transition time (C_, =10 pF) trLH 50 ns

1) Values apply throughout the operaticnal range.
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SDA 2120

Truth table

Function “IFO”  bit Band select outputs fret/kHz Active Active
214 215 LW MW SW UKw input output

Lw L L H H H H 0.5 AM Al AM

MW L H H L H H 0.5 AM Al AM

SW H L H H L H 0.5 AM Al AM

UKW H H H H H L 12.5 FM Al FM

Pulse diagram

| |
5 1
PLE ! ;
| | |
| |
I ! i
|
IFQ I}”” :lh ”I'
! I !
I8 MSB!  ILSB MsB|
r—— Divider ratio —1; !L*c t;
! =1930 Mw! Curren
} N R
!
20! 213:r EZ‘IS :219

First shifted bit
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SDA 2120

Pulse diagram

Set-up and hold times
'''' ‘\ 30% 0%
/
F
IFO \ —c-waD
10%
- ——1"10%
fSDI‘_
90% } 90%
PLE
toer— —
SE
tew fe
CPL
0.6V 0% 1
90%
F
10%
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SDA 2120

Circuit description

The component contains a 14 bit programmable synchronous divider (% P, % M, % S), which
divides the frequency of a signal pending at input AM, or FM resp. by the factor N=2...16383
(LW/MW), or N = 4097...16383 (SW/VHF). The buffered inputs AM and FM can be directly
connected to the VCO via capacitors due to their own prevoltage generation.

The input sensitivity of the inputs is 10 mV,,s (AM) or 20 V., (FM). The frequency divider
input can be switched optionally to AM or FM per software switch. While the LW/MW signal
is divided into a pure synchronous divider, the SW/VHF signal is divided into a modulo two
divider folliowed by a synchronous divider. The shift register with latch, with a depth of
20 bits, is divided into 14 bits to store the divider ratio N of the synchronous divider;
2 bits to control the four band select outputs (VHF, SW, MW, LW); 4 bits for the current
multiplier to select the optimum current for the charge pump.

The divider ratio N, the band selection, as well as the information for the current multiplier
are loaded into the 20 bit shift register via the serial data input IFO. First, the complement
of the divider ratio, beginning with the least significant bit, is loaded in a binary encoded
form. This is followed by the band select control bits SB0O und SB1 (refer to table), finished
by the information bits for the current multiplier. During FM operation, they are loaded in
binary encoded form beginning with the LSB, during which the bit sequence 0000 is not
permissible. During AM operation, the complement of the information bit is loaded in
binary encoded form beginning with the LSB, during which the bit sequence 1111 is not
permissible. The information is loaded with the HL slope of the shift pulse CPL. Acceptance
of the data at the IFO input can only take place during the H state of the enable input PLE.
The 20 bit latch accepts the data from the shift register during the L state of the enable
input PLE. The component is equipped with its own crystal-controlled 4 MHz pulse oscillator.

A square-wave signal of 2 MHz derived from the pulse oscillator is available at output F,
which can be used for the synchronization of peripheral devices (e.g. microprocessor).
The output F is to be connected to ground in order to provide a high signal-to-noise ratio.
The oscillator output signal (fosc = 4 MHz) is divided down to 0.5 kHz or 12.5 kMHz respectively,
by a switch-selectable reference divider (reference signal). The reference divider is switched
by the same signal that also switches the inputs. The divided input signal is compared with
the reference signal in a digital phase detector. If the falling edge of the divided input signal
appears prior to the falling edge of the reference signal, the DOWN output of the phase
detector goes into the H state for the duration of the phase difference. In the opposite
case, the output UP goes into the L state. If both signals are in phase, the DOWN output
remains in the L state and output UP in the H state.
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SDA 2120

The outputs UP/DOWN control the two current sources I+ and I—(charge pump). If output
UP is in the L state, current source It is activated; if output DOWN is in the H state, current
source I~ is in effect. if DOWN is in the L state and UP is in the H state, the charge pump
output changes into a high-ohmic state (TRI STATE). The current pulses generated by
the charge pump are integrated with the aid of an active low pass (external FET op amp
with RC circuitry). The DC output signal of the low pass is available at the FET op amp
output and serves as tuning voltage for the VCO. If there are minor requirements to be
met regarding the signal-to-noise ratio, an internal ampilifier with a series-connected external
darlington transistor can be used instead of the external FET op amp. The output stage
of the internal amplifier comprises a transistor with open-collector output. The external
collector resistor can then be connected to voltages up to 30 V. The output transistor is
dimensioned such that a voitage drop of 0.5 V occurs at a 2.5 mA collector current.

The component contains two separate charge pumps and two separate amplifiers. Only
one charge pump is active at a time. The switch-over is achieved by the same signal that
also switches the AM/FM inputs. Thus, separate low passes can be set up for AM and FM.
The output current of both charge pumps (source current = sink current) is M x I M is the
multiplication factor that is given by the information bits for the current multiplier, M being
an integer and 1 < M < 15. I is the basic current of the charge pump that is set by means of
an external resistor between pin I and V5. As the software monitors the current, a fast
transient response of the PLL during band limit peaks and range changes (recharging
the low pass) can be achieved, as well as a high signal-to-noise ratio in the steady state. The
delay time between phase detector input and charge pump output is typically 20 ns. The
phase detector with charge pump gain depends on the selected charge pump output current
and is calculated as follows:
K =21 [u_ﬁ

T 47 |rad|

The wiring of the charge pump output Al has to ensure that the DC voltage value at the
output varies only_-between 1.2 V and 3.8 V (e.g. by applying a reference voltage of approx.
2.5 V when using the external operational amplifier. The band select outputs contain current
drains ([;; = 0.8 to 3.0 mA) with open collectors, in order to be able to switch voltages
greater than the supply voltage of the component (5 V). Thus the transistors, operating
as band select switches, can be directly driven without current limiting resistors (refer to
application circuit).

During operation, pin 2 (N.C.) must be connected to ground.
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SDA 2120

Supplements to the circuit description

Relationship between IFO bits of current multiptier and multiplication factor for the output
current of the charge pump.

IFO BIT Multiplication Multiplication
tactor M factor M
216 217 ot8 »19 M AM
L L L L 0 15
H L L L 1 14
L H L L 2 13
H H L L 3 12
L L H L 4 11
H L H L 5 10
L H H L 6 9
H H H L 7 8
L L L H 8 7
H L L H 9 6
L H L H 10 5
H H L H 11 4
L L H H 12 3
H L H H 13 2
L H H H 14 1
H H H H 15 0
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SDA 2120

Pin configuration

Pin No. Symbol Function
1 EV AM Amplifier input AM
2 N.C.
3 Al AM Charge pump output AM
4 FM Signal input VHF
5 AM Signal input SW/MW/LW
6 Vs Supply voltage
7 Q2 Crystal
8 Qt Crystal 7
9 UKW Band select output VHF
10 LW Band select output LW
11 F Oscillator output
12 MW Band select output MW
13 Sw Band select output SW
14 IFO Data input
15 CPL Shift register input
16 PLE Enable input for shift register
17 GND Ground
18 I Current adjustment for charge pump
19 Viun FM Tuning voltage FM
10 EVFM Amplifier input FM
21 Al FM Charge pump output FM
22 Viun AM Tuning voltage AM
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SDA 2120

Block diagram
6
Ve L
L 4 MH 0.5kHz |
7 . %2 w %012 oL pret . r(@z_
Qa2 12.5kHz E DOWN y;
3 { 3 AIAM
. 3 [_UP A
FM —-[>—>-%PIP+1 p 2 o\
(UKW) 64165 Nl o M fest .} & I+
t
g t | 18
BS UKW ) I et
13 ;L 1
Sw o S - . 4 Band select r EVAM
12 L MUX 22
MW SW [_— = Viunam
10
LW y F< D evem
5 MW/tw Multiplier 19
AM —‘*——D VfunFH
)’6 /B /2 A4 L
16 LSB MSB SBO SB1 LSB MSB
PLE 20 bit latch ’@f-
/
)% 21
20 % AIFM
14 . . . -\
IFO 20 bit shift register
-1
15
hL ' Gnp
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SDA 2120

Circuitry of inputs and outputs (schematic)

Band select outputs (BS)

IqL
AM/FM inputs Amplifier
ﬂvs lIJVS < Vhun
- EvV
+— 10k
—
y—0C me
AM/FM o—
10k -
T 20pF
Charge pump
Ys s Ve Y Ve
o] o] o
BS N v v
A N N
JL oown
V.
_— S 'j, VS SZ
1 -LI—UP +—= Al
_ Vs
Y
R, :
[ref
Multiplier
p——— To the
I.charge pump
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SDA 2120

Test circuit for residual ripple of the FM tuning voltage

Serial interface to the pC

Current multiplication

factor M =1

IFO CPL  PLE +5V
Vs

R

10nF 140k

Oscitlator —‘"»—— FM I

+5V SDA 2120

L

BB304 W ‘
470 |
X uF
L Q1
[]68kQ 10k T TWF ——l
— 4MHz
4
L onF G2 J
T 18pF
j‘ 1nF ATFM
'I 2 |FM filfer
22nF f 1082
FM post fitter
22k - 68nF
-L LTnF GND

*} The mentioned filter constants are only approximate values.
They have to be matched to the actual tuner by the user.
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SDA 2120

Test circuit for charge pump output current

Serial interface to the pC

w Ll

IFO CPL PLE
V. R
3 L. charge pump —
R] Al ' ) B
SDA 2120 2.2kQ
Iref
100nF lv é__) lzsv
'— AM or FM 3
al a2 GND

vl

4L MHz

To activate the “charge pump”, there must be a difference between the frequency of the
AM/FM inputs and the frequency of the uC.
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SDA 2120

Application circuit Ve
L70pF
%WF 10k % \nF Serial interface tothe pC
s Lo
- FMTF 10kQ2 L 15
IFC (PL PLE
4l em v
6
Vs
R
18
ZY ATFM Teet
UKW —= FM tuner
| J-_-Z) FM filter
1
F
‘ T SDA 2120 L
Tuning veltage FM
—= AM 1F a1 8
1 3
i =] AM
—3 4L MH;
7
)
: 3 18pF
| Al AM
SW.MW. ‘ :SWIHWILW
Lw ! tuner
' L.
t
2) | |AM filter
13 -%
T
Tuning voitage AM BS 1-4 NC GND
A4 91012113 |2 |7
//
___/I Band selection 4
Band select switch
1) Double FET operating amplifier: MC 34002, CA 3240, TL 082, LF 353 or similar types.
2) The filter values must be matched to the actual tuner by the user.
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