Dual Frequency Synthesizer

LMX2330 2.5 GHz/510 MHz
LMX2331 2.0 GHz/510 MHz
LMX2332 1.2 GHz/510 MHz

General Description

The LMX233x family of monolithic, integrated dual frequen-
cy synthesizers, including prescalers, is to be used as a
local oscillator for RF and first IF of a dual conversion trans-
ceiver. It is fabricated using National’s ABIC IV silicon
BiCMOS process.

The LMX233x contains dual modulus prescalers. A 64/65 or
a 128/129 (32/33 or 64/65 in the 2.5 GHz LMX2330) can
be selected for the RF synthesizer and a8/9 ora 16/17 can
be selected for the IF synthesizer. Using a digital phase
locked loop technique, the LMX233x can generate a very
stable, low noise signal for the RF and IF local oscillator.
Serial data is transferred into the LMX233x via a three wire
interface (Data, Enable, Clock). Supply voltage can range
from 2.7V to 5.5V. The LMX233x family features very low
current consumption;

LMX2330—15 mA at 3V, LMX2331—14 mA at 3V,
LMX2332—8 mA at 3V.

The LMX233x are available in a TSSOP 20-pin surface
mount plastic package.
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Features

B 2.7V to 5.5V operation

B Low current consumption

B Selectable powerdown mode:
lcc = 1 pA typical at 3V

® Dual modulus prescaler:

LMX2330 (RF) 32/33 or 64/65
LMX2331/32 (RF) 64/65 or 128/128
LMX2330/31/32 (IF) 8/9 or 16/17

B Selectable charge pump TRI-STATE® mode

Applications

B Portable Wireless Communications
(PCS/PCN, cordless)

#® Cordless and cellular telephone systems

B Wireless Local Area Networks (WLANSs)

u Cable TV tuners (CATV)

m Other wireless communication systems

Functional Block Diagram
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Connection Diagram

Thin Shrink Small Outline Package (TM)

Voot 1O 20 = Ve

vp—2 19 |—Vp
D, RF—{3 180, IF
GND—{ 4 17 |=GND
f RF=J5  Top View 16—ty IF
fix RF=—6 15=fiy IF
GND—{ 7 14 —GND

0s¢,,— 8 13|—LE
GND—39 12 p=Data
Fo/L0—]10 11 |—=Clock

TL/W/12331-2
Order Number LMX2330TM, LMX2331TM or LMX2332TM

NS Package Number MTA20
Pin Description
Pin No. Pin Name 1/0 Description

1 Vee — Power supply voltage input. Input may range from 2.7V to 5.5V. Bypass capacitors should be
placed as close as possible to this pin and be connected directly to the ground plane.

2 Vp — Power Supply for RF charge pump.

3 Do RF (o] Internal charge pump output. For connection to a loop filter for driving the input of an external
VCO.

4 GND — Ground.

5 fin RF | RF prescaler input. Small signal input from the VCO.

6 fin RF I RF prescaler complimentary input. A bypass capacitor should be placed as close as possible to
this pin and be connected directly to the ground plane. Capacitor is optional with some loss of
sensitivity.

GND — Ground.
OSCin, | Oscillator input. The input has a Vgoc/2 input threshold and can be driven from an external
CMOS logic gate.

9 GND — Ground.

10 Fo/LD (o] Muitiplexed output of the RF/IF programmable or reference dividers and RF/IF lock detect.
CMOS output (see Programmable Modes).

11 Clock ] High impedance CMOS Clock input. Data for the various counters is clocked in on the rising
edge, into the 22-bit shift register.

12 Data | Binary serial data input. Data entered MSB first. The last two bits are the control bits. High
impedance CMOS input.

13 LE | Load enable CMOS input. When LE goes HIGH, data stored in the shift registers is loaded into
one of the 4 appropriate latches (control bit dependent).

14 GND — Ground.

15 finIF | IF prescaler complimentary input. A bypass capacitor should be placed as close as possibie to
this pin and be connected directly to the ground plane. Capacitor is optional with some loss of
sensitivity.

16 fin RF I IF prescaler input. Small signal input from the VCO.

17 GND — Ground.

18 Dy IF O IF charge pump output. For connection to a loop filter for driving the input of an external VCO.

19 Vp — Power Supply for IF charge pump.

20 Vee — Power supply voltage input. Input may range from 2.7V to 5.5V. Bypass capacitors should be
placed as close as possible to this pin and be connected directly to the ground plane.
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Absolute Maximum Ratings (ote 1) Recommended Operating
if Military/Aerospace specified devices are required, Conditions
D/ Dot o svasity s sposoniomse™ POt Sppy Votage
PO\Y:(; Supply Votizge —0.3Vto +6.5V ve vogto +55v
Ve . —0.3Vio +6.5vV Sﬁfﬁﬁilﬂf::ﬁgﬁ indicate limits beyon:?vrzrt!c;:r-naagse S
Voltage on Any Pin the device may occur. Operating Ratings indicate conditions for which the
with GND = 0V (V) —0.3Vto +6.5V device is infended to be functional, but do not guarantee specific perform-
Storage Temperature Range (Ts) SB5°Clo +150°C L rites. The guarantsed specticatons pply ol for e toc
Lead Temperature (solder 4 sec.) (Ty) +260°C conditions listed.
Electrical Characteristics vcc = 3.0v, vp = 3.0v; —40°C < T, < 85°C, except as specified
Symbol Parameter Conditions Value Units
Min Typ Max
lcc Power LMX2330 RF + IF | Vg = 2.7Vto 5.5V 15
g‘dfr‘:xt LMX2330 RF Only 12
LMX2331 RF + IF 14
LMX2331 RF Only 1 mA
LMX2332 IF + RF 8
LMX2332 RF Only 5
LMX233X IF Only 3
lcc-pwpN | Powerdown Current Ve = 3.0V 1 pA
fin RF Operating LMX2330 500 2.5
Frequency LMX2331 200 20 | GHz
LMX2332 100 1.2
finIF Operating LMX233X 45 510 MHz
Frequency
fosc Maximum Oscillator Frequency 40 MHz
e Maximum Phase Detector 10 MHz
Frequency
Pfin RF RF Input Sensitivity Voo = 3.0V —-15 +4 dBm
Vce = 5.0V -10 +4 | dBm
Pfin IF IF Input Sensitivity Voc = 27Vito 5.5V -10 +4 dBm
Vosc Oscillator Sensitivity OSCin 0.5 Vep
V4 High-Level Input Voltage * 0.8 Voo \
ViL Low-Level Input Voltage * 0.2Vce \'
hH High-Level Input Current ViH = Voo = 5.5V* -1.0 1.0 RA
i Low-Level Input Current V)L = 0V, Ve = 5.5V -1.0 1.0 pA
I Oscillator Input Current ViH = Vgg = 5.5V 100 pA
i Oscillator Input Current Vit = 0V, Vg = 5.5V —-100 pA
VoH High-Level Qutput Voltage loH = —500 pA Ve — 0.4 v
VoL Low-Level Output Voltage loL = 500 pA 0.4 Vv
tcs Data to Clock Set Up Time See Data Input Timing 50 ns
tcH Data to Clock Hold Time Ses Data nput Timing 10 ns
tcwH Clock Pulse Width High See Data Input Timing 50 ns
towL Clock Pulse Width Low See Data Input Timing 50 ns
tes Clock to Load Enable Set Up Time See Data [nput Timing 50 ns
tew Load Enable Pulse Width See Data Input Timing 50 ns
*Except fjy AF, fiy IF and OSGjp,.
3
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Charge Pump Characteristics v¢c = 3.0V, vp = 3.0v; —40°C < T4 < 85°C, except as specified

Value
Symbol Parameter Conditions Units
Min Typ Max
ID,-SOURCE Charge Pump Output Vo, = Vp/2.lcp, = HIGH** —20 mA
Do SINK Current Vb, = Vp/2, Iop, = HIGH®* 20 mA
ID4-SOURCE Vp, = Vp/2,icp, = LOW** —-05 mA
1Dg-SINK Vb, = Vp/2,lcp, = LOW** 0.5 mA
Ipy-TRI Charge Pump TRI-STATE 0.5V < Vp, < Vp — 0.5V _o25 25 nA
Current —40°C < T < 85°C ’ ’
lDO-SINK vs CP Sink vs VDO = Vp/2 5 o
Ip,-SOURCE Source Mismatch (Note 1) Ta = 25°C
Ipg vs Vp, CP Current vs Voltage 0.5 < Vp, < Vp — 0.5V 10 %
(Note 2) = 25°C
Ipyvs T CP Current vs Temperature Vp, = Vp/2 10 %
(Note 3) —40°C < T < 85°C

** See PROGRAMMABLE MODES for Icp, description.
Notes 1, 2, 3: See charge pump current specification definitions below.

Charge Pump Current Specification Definitions

1
1
1
13 1
12
11
<
£
€ VOLTAGE |
9] OFFSET
5 av !
o ]
1
1
1
14 !
15 1
s _—\l \
!
1
1
1
]
1
0 AV Vo /2 Vp-AV Vo
Dg, Voltage

TL/W/12331-25

14 = CP source current at Vp, = Vp — AV
15 = CP source current at Vp, = Vp/2
16 = CP source current at Vp, = AV

Il = CP sink current at Vp, = Vp — AV
12 = CP sink current at Vp, = Vp/2

13 = CP sink current at Vp, = AV

AV = Voltage offset from positive and negative rails. Dependent on VCO tuning range relative to Vcc and ground. Typical values are between 0.5V and 1.0V.

1.Ip, v8 Vp, = Charge Pump Output Current magnitude variation vs Voltage =
v * Il = 13l1/T% * (] + 1331 * 100% and  [% * 4] — l16l)/% * 114] + [i6}}] = 100%
2. Ipg.gink VS 106.source = Charge Pump Output Current Sink vs Source Mismatch =
tha} - 1s[1/1% * thal + lis[1] * 100%
3.1p, v6 Ta = Charge Pump Output Current magnitude variation vs Temperature =
fli2 @ temp| — |12 @ 25°C[1/|12 @ 25°C| * 100% and [}I§ @ temp| — |15 @ 25°C[]/[I5 @ 25°C] * 100%

B 501122 0080712 97L WM
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Typical Performance Characteristics

fec (mA)

D, Current (mA)

Icc vs Voo
15 l
2330
2331
10
2332
5
0
2 2.5 3 3.5 4 4.5 5 5.5
Vee V)

TL/W/12331-3

Charge Pump Current vs Dg Voltage

Icp = HIGH
6 I
Vp = 5.0V
4
Vp = 4.0V
2 Vp = 3.0V
0
Vo = 3.0V / / /
-2 i :
Vo = 4.0V / /
-4 Vp = 5.0V 7
-6 I
0 05 1 1.5 2 25 3 35 4 45 5
D, Voltage (V)

RF Input Impedance

TL/W/12331-5

Voo = 2.7V 10 5.5V, fiy = 0.5 GHz to 3 GHz

TL/W/12331-7

Ip, TRI-STATE vs D, Voltage

1500
1250
rd
1000 To7905C
E 750 | e
z 500
‘TD: // 1=+70°C
o’ 250
a e
T=+25°
0 _,l//
-250
-500
0 1 2 3 5 [
D, VOLTAGE (V)
TL/W/12331-4
Charge Pump Current vs Dq, Voltage
Icp = LOW
z T
Vp = 5.0V
-3 vP-JA ov
p=3
=z | Vp =3.0V
=
~ 05
£
2
E 0
° Vp = 3.0V / I
o5 L —}
» Vp = :A.OV I
Vp = 5.0V
-1.5 L
0 05 1 15 2 25 3 35 4 45 5
D, Voltage (V)
TL/W/12331-6
IF Input Impedance

Vo = 2.7V10 5.5V, fiy = 10 MHz to 1000 MHz

Marker 1 = 1 GHz, Real = 90, Imag. = —158 Marker 1 = 100 MHz, Real = 666, Imag. —411
Marker 2 = 2 GHz, Real = —43,Imag. = —63 Marker 2 = 200 MHz, Real = 395, Imag. —417
Marker 3 = 3 GHz, Real = 18, Imag. = —5 Marker 3 = 300 MHz, Real = 265, imag. —357
Marker 4 = 500 MHz, Real = 203, Imag. = —284 Marker 4 = 500 MHz, Real = 159, Imag. = —253

TL/W/12331-8
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Typical Performance Characteristics (continueq)
LMX2332 RF Sensitivity vs Frequency LMX2331 RF Sensitivity vs Frequency
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Functional Description

The simplified block diagram below shows the 22-bit data register, two 15-bit R Counters and the 15- and 18-bit N Counters
(intermediate latches are not shown). The data stream is clocked (on the rising edge of LE) into the DATA input, MSB first. The
last two bits are the Control Bus. The DATA is transferred into the counters as follows:

Control Bits DATA Location
C1 c2

o] ] IF R Counter

0 1 RF R Counter

1 o] IF N Counter

1 1 RF N Counter

[ 15-8I1T RF ™ pHase CHARGE R
05Cp =—y 0sC R COUNTER fq— COMP. PUMP Do
y
| 18-BiT RF
fin RF | N COUNTER |¢ > /
< four/LD
ouT
Wux [ Fo/L0
cLock M 22-ar
DATLE ?|DATA REGISTER '
I IF LD
| A 4
15~BIT IF PHASE CHARGE
R COUNTER COMP. PUMP > D,
18-BIT IF |&
—_—
fin IF N COUNTER

TL/W/12331-13

PROGRAMMABLE REFERENCE DIVIDERS (IF AND RF R COUNTERS)

If the Control Bits are 00 or 01 (00 for IF and Ot for RF) data is transferred from the 22-bit shift register into a latch which sets
the 15-bit R Counter. Serial data format is shown below.

LSB MSB

CICZRR'RIRRIRRRIRRRRlRRRRRRRR
1d213j14fjs5)6]7)8jsfrofr1jiz]|13f14f{15)16f17{18]19]20

(Control bits) \——Divide ratio of the reference divider, R -——{—Program Modes —

TL/W/12331-14

15-BIT PROGRAMMABLE REFERENCE DIVIDER RATIO (R COUNTER)

Dividel R|R|R(R|R|R|R|R|R|R|R|R[R{R|R
Ratio | 15/14(13(12|11{10|9|8(7|6(5|4|3]| 2|1
3 0|0 0j0jo0|0|jo|O|Of1]|1
4 ofo o|o|o|ojoj0]1|0]O
. eole|olo|e|e|ofe|o|e|ejoia]|ele
2767 | 1| Vi1 [t 1| 111 1]1{1|1]1]1

Notes: Divide ratios less than 3 are prohibited.
Divide ratio: 3 to 32767

A1 to R15: These bits select the divide ratio of the programmable
reference divider.

Data is shitted in MSB first.

B L5022 0080715 L&S WA
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Functional Description (continued)

PROGRAMMABLE DIVIDER (N COUNTER)

The N counter consists of the 7-bit swallow counter (A counter) and the 11-bit programmable counter (B counter). If the Control
Bits are 10 or 11 (10 for IF counter and 11 for RF counter) data is transferred from the 22-bit shift register into a 4-bit or 7-bit
latch (which sets the Swallow (A) Counter) and an 11-bit latch (which sets the 11-bit programmable (B) Counter), MSB first.
Serial data format is shown below. For the IF N counter bits 5, 6, and 7 are don’t care bits. The RF N counter does not have
don’t care bits.

LsB MSB

C‘CZNNlNNNNNNINNINNNNNNNNNN
tl2314ls]el7]819oliojtr)12]13]14]15]16]17]18}19]20

(Control bits) j—————— Divide ratio of the programmable divider, N —————— Prg —

TL/W/12331-15

7-BIT SWALLOW COUNTER DIVIDE RATIO (A COUNTER)

RF IF
‘:"l‘_’e NIN|N|[N|N|NIN ';"’:'_’e N{N|[N[N|N|N|N
atio | 2 1els5(af3]|2]1 atio | ;g s5{al3|2]|1
A A
o |o|o|lo|lo|o]olo o {x|x|x|o|o|o]o
1 ojlolofoflofof1 1 x|x|x{olo|o]|1
e * [ ] L] L] L ] . L ] - L ] L . . L] L ] L]
127 |1l 15 [ x|x{xtt[1][1]1
Notes: Divide ratio: 0 to 127 X = DON'T CARE condition
Bz A

11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO (B COUNTER)

‘::":f"’NNNNNNNNNNN
“B'° 1817161514} 13|12|11|10]| 9|8

3 0} 0 0] o0 0 0 0| O 0|11
4 0] 0 o|ofoO 0|00 1]0}0

2047 1 1 1 1 1 1 1 1 1 111

Note: Divide ratio: 3 to 2047 (Divide ratios less than 3 are prohibited)
Bx>A

PULSE SWALLOW FUNCTION
fvco = (P x B) + Al X fosc/R
fyco: Output frequency of external voltage controlled oscillator (VCO)
B: Preset divide ratio of binary 11-bit programmable counter (3 to 2047)

A Preset divide ratio of binary 7-bit swallow counter
©<A<127 {RF},0 < A <15 (IF},A < B)

fosc: Output frequency of the external reference frequency oscillator
R: Preset divide ratio of binary 15-bit programmable reference counter (3 to 32767)

P: Preset modulus of dual modulus prescaler (for IF; P = 8 or 16;
for RF; LMX2330: P = 32 or 64 LMX2331/32: P = 64 or 128

8
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PROGRAMMABLE MODES
Several modes of operation can be programmed with bits R16-R19 including the phase detector polarity, charge pump
TRI-STATE and the output of the Fo/LD pin. The prescaler and powerdown modes are selected with bits N19 and N20. The
programmable modes are shown in Table I. Truth table for the programmable modes and Fo/LD output are shown in Table Nl

Functional Description (continued)

and Table lli.
TABLE I. Programmable Modes
C1| C2 R16 R17 R18 R19 R20
IF Phase IF Do
01 © | petector Polarity | 7 'Po | tRi.sTATE | TP | FFo
RF Phase RF Dy
0 1 1 | Detector Polarity | T 'cPo | trRi.sTATE | RF LD | AFFo
C1 | C2 N19 N20
1 0 IF Prescaler Pwdn IF
1 1 RF Prescaler | Pwdn RF
TABLE H. Mode Select Truth Table
5 Icp, IF 2330 RF 2331/2RF Pwdn
@D Polarity Do TRI-STATE (Note 1) Prescaler Prescaler Prescaler (Note 2)
0 Negative Normal Operation LOW 8/9 32/33 64/65 Pwrd Up
1 Positive TRI-STATE HIGH 16/17 64/65 128/128 Pwrd Dn

Note 1: Icp,, (Charge Pump current magnitude) is dependent on Vp. The Icp, LOW current state = 1/4 X igp, HIGH current.
Note 2: Activation of the IF PLL or RF PLL powerdown modes result in the disabling of the respective N counter divider and debiasing of its respective fiy inputs (to

a high impedance state). Powerdown forces the respective charge pump and phase comparator logic to a TRI-STATE condition. The R counter functionali-
ty does not become disabled until both IF and RF powsrdown bits are activated. The OSC,, pin reverts to a high impedance state when this condition
exists. The MICROWIRET™ control register remains active amd capable of loading and latching in data during all of the powerdown modes.

TABLE lll. The Fo/LD (Pin 10) Output Truth Table

oy wrim) Err ey Fo Output tate
0 Q 0 Disabled
1 o 0 IF Lock Detect
1 0 0 0 RF Lock Detect
1 1 o] 0 RF/IF Lock Detect
X 0 0 IF Reference Divider Output
X 0 1 o RF Reference Divider Output
X 1 0 1 IF Programmabile Divider Output
X 1 1 0 RF Programmable Divider Output
0 1 1 1 For Internal Use Only
1 0 1 1 For Internal Use Only
1 1 1 t For Internal Use Only

X = don't care condition

Lock Detect Output Characteristics

Output provided to indicate when the VCO frequency is in “lock.” When the loop is locked and a lock detect mode is selected,
the pins output is HIGH, with narrow pulses LOW. In the RF/IF lock detect mode a locked condition is indicated when IF and RF
are both locked. When the F,/LD output is disabled it is actively pulled to a low logic state.

@® L501122 0080717 458 WA
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Functional Description (continued)

PHASE DETECTOR POLARITY VCO Characteristics
Depending upon VCO characteristics, R16 bit should be set
accordingly: (see figure right) M
When VCO characteristics are positive like (1), R16
should be set HIGH; vCo
When VCO characteristics are negative like (2), R16 FROEI(JJLPE[;ITCY
should be set LOW.

(2)

VCO INPUT VOLTAGE
TL/W/12331-16

SERIAL DATA INPUT TIMING

DATA N18: M59<N17 NI(XNQ N1 CONTROL BIT: LSB
--—

(R15: MSB) (R14) (R8) (R7) (Rs) (R1) cONTROL BIT: LS8

wo _ FLIFL___ fLIF] L
R

LE -
or tes —f
tes —= teu f— town — tew
LE —l i

Notes: Parenthesis data indicates programmable reference divider data.
Data shifted into register on clock rising edge.

Data is shifted in MSB first.
Test Conditions: The Serial Data Input Timing is tested using a symmetrical waveform around Vcg/2. The test waveform has an edge rate of 0.6V/ns with
amplitudes of 2.2V @ Vg = 2.7V and 2.6V @ Ve = 5.5V.

TL/W/12331~17

PHASE COMPARATOR AND INTERNAL CHARGE PUMP CHARACTERISTICS

S N S N A R
R I T A O N
° L I U U L

-

f, >0 =1 1< t<t, f, <1,
TL/W/12331-18

Notes: Phase difference detection range: — 27 to +27
The minimum width pump up and pump down current pulses occur at the Do pin when the loop is locked.

R16 = HIGH

10
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Typical Application Example

10 pf

veo *
L1
o] R2
ce Rinve
0.01u 100p AAA

I
Il—b IF out

b A s
::. 100p
g From
— e Controller
100p 0.01x |Vee |V Do IF Jonp | fin IF 'm Flono |[LE Deta |C|ock
—H: 20 19 18 17 16 13 12 11
LMX233x
1 2 3 4 5 10

Operational Notes:
*  VCOis assumed AC coupled.

level. fyy RF impedance ranges from 402 to 1009 fiy IF impedances are higher.

100k

AAA

Ve |% |o, RF | oo oy RF[ 70 gr GND |GND IFO/LD

Ve Y = < Fo/LD
SR’ 100°p
b3

F
:l 100p — Crystal Osc.
Input
| 0.01n 510 o
100p =
0.014 100p
veo — rF out

10 pF

TL/W/12331-19

** Ry increases impedance so that VCO output power is provided to the load rather than the PLL. Typical values are 109 1o 2000 depending on the VCO power

*** 504 termination is often used on test boards to allow use ot external reference oscillator. For most typical products a CMOS clock is used and no terminating
resistor is required. OSCj, may be AC or DC coupled. AC coupling is recommended because the input circuit provides its own bias. (See Figure below)

VVV¥

v

layout.
This is a static sensitive device. It should be handled only at static free work stations.

TL/W/12331-20

Proper use of grounds and bypass capacitors is essential to achieve a high level of performance. Crosstalk between pins can be reduced by careful board

1

- ESDLLEE DD&U?L‘H EED -
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Application Information

LOOP FILTER DESIGN
A block diagram of the basic phase locked loop is shown.

4 N
i CHARGE 1]
1 PUMP (]

PHASE
DETECTOR

f r AAA Ij LOOP FILTER veo
©; — 5 |
i .

f ° 'OUT
cRvsta | REFERENGE S . .
i

|
V—
REFERENCE DIVIDER L

reterence

——mm e .

Trremensy 1 fraquency r—_—']”N 1
1 1 Synthesizer | 1 | H
| b————— 4 fref 1
1 MAIN DIVIDER []
i |
N e e e e e e e e e o . o o o o o o o s

TL/W/12331-21
FIGURE 1. Basic Charge Pump Phase Locked Loop

An example of a passive loop filter configuration, including  The PLL linear model control circuit is shown along with the
the transfer function of the loop filter, is shown in Figure 2. open loop transfer function in Figure 3. Using the phase
detector and VCO gain constants [K¢ and Kycpl and the
loop filter transfer function [Z(s)], the open loop Bode plot

c1 R2 can be calculated. The loop bandwidth is shown on the

I o2 Bode plot (wp) as the point of unity gain. The phase margin

- I is shown to be the difference between the phase at the unity
—L gain point and —180°.

TL/W/12331-22
s(C2eR2) + 1

s2 (C1eC2#R2) + sC1 + sC2

FIGURE 2. 2nd Order Passive Filter

Define the time constants which determine the pole and
zero frequencies of the filter transfer function by letting

Z(s) =

T2 = R2eC2 (1a)
and
CieC2
M=R2* iy (1b)

Gain Phase
vco
- ©. 16(s) H(s)) <6(s) H(s)
“p
0dB
TL/W/12331-23 -9
Open Loop Gain = 8;/8, = H(s) G(s) = Kpp Z(s)
Kvco/Ns o A
P
. Y -180
Closed Loop Gain = 0,/0; = G(s)/[1 + H(s) G(s)] Frequency

TL/W/12331-24
FIGURE 3. Open Loop Transfer Function
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Application Information (continued)

Thus we can calculate the 3rd order PLL Open Loop Gain in
terms of frequency

—K¢ ¢ Kyco (1 + jw'TZ).T_1
@2C1 e N(1 + jw *T1) T2 (2)

From equation 2 we can see that the phase term will be

dependent on the single pole and zero such that

G(s) * HE)ls = jo o =

d(w) =tan—1(weT2) —tan—1(w e T1) + 180° (3)
By setling
dé _ T2 _ T1 -0
do 1+ (weT2)2 1+ (weT1)2 (€3]

we find the frequency point corresponding to the phase in-
flection point in terms of the filter time constants T1 and T2.
This relationship is given in equation 5.

wp = 1/yT2eT1 (5)
For the loop to be stable the unity gain point must occur
before the phase reaches —180°. We therefore want the
phase margin to be at a maximum when the magnitude of
the open loop gain equals 1. Equation 2 then gives

_ KpeKyco*T1 H(1 + jop 0T2)||

wpZoNeT2 (1 + jop e TN ®
Therefore, if we specify the loop bandwidth, wp, and the
phase margin, ¢p, equations 1 through 6 allow us to calcu-
late the two time constants, T1 and T2, as shown in equa-
tions 7 and 8. A common rule of thumb is to begin your
design with a 45° phase margin.

secep — tandp
1=— >

@p

C1

@)

1

T2 = —
wp2 e T1

(C)]

From the time constants T1, and T2, and the loop band-
width, wp, the values for C1, R2, and C2 are obtained in

equations 9 to 11.
T . KpeKyco [T+ (wp® T2)2
T2 wp?eN 1+ (wpeT1)2
C2=C1le (E - 1)
Tt
R2 = —
c2 (11)

Voltage Controlled Oscillator (VCO)
Tuning Voltage constant. The fre-
quency vs voltage tuning ratio.

c1=

&)

(10)

Kyco (MHz/V)

K¢ (mA/27rad) Phase detector/charge pump con-
stant. The ratio of the current output
to the input phase differential.

N Main divider ratio. Equal 1o RFpt/fref-

RFgpt (MHz) Radio Frequency output of the VCO at
which the loop filter is optimized.

fret (kH2) Frequency of the phase detector in-

puts. Usually equivalent to the RF
channel spacing.

In choosing the loop filter components a tradeoff must be
made between lock time, noise, stability, and reference
spurs. The greater the loop bandwidth the faster the lock
time will be, but a large loop bandwidth could result in higher
reference spurs. The reference spurs can be reduced by
reducing the loop bandwidth or by adding more low pass
filter stages but the lock time will increase and stability will
decrease as a result. Wider loop bandwidths generally im-
prove close in phase noise but may increase integrated
phase noise depending on the reference input, VCO and
division ratios used.
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LMX2330/LMX2331/LMX2332 PLLatinum Dual

Frequency Synthesizer for RF Personal Communications

Physical Dimensions (millimeters) Lit. # 108545-001

6.50 £ 0.10 ——

2

LL000DNNn

4.40 % 0.10
LEAD NO. 1
IDENTIFICATION -Cc-
1 10
(1.05) 6.40 £ 0.30
3 -
1.10 1‘0.10 A\ 0° - 7° TYP { AY _L
+0.05
0.65 TYFL—IL o L 6.10 2 0.10 0.50 % 0.20 L0.15 o
0.22 2307 TYP
|$0.20©|Alcla®| WTAZ0 (REV. A)

20-Lead (0.173" Wide) Thin Shrink Small Outline Package (TM)
Order Number LMX2330TM, LMX2331TM or LMX2332TM
* For Tape and Reel (2500 units per reel)
Order Number LMX2330TMX, LMX2331TMX or LMX2332TMX
NS Package Number MTA20

LIFE SUPPORT POLICY

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
failure to perform, when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.

& National Semiconductor National Nationa! i National i National Semiconductores National Semiconductor

Corporation GmbH Japan Lid. Hong Kong Ltd. Do Brazil Lida. (Australia) Pty, Ltd.
2900 Drive i 10 Chemical 13th Floor, Straight Block Aue Deputado Lacorda Franco 16 Business Park Dr.
P.0. Box 58090 D-82256 Fiirstenfeidbruck  Engingering Center Ocean Centre, 5 Canton Rg. 120-3A Notting Hill, VIC 3168
Santa Clara, CA 95052-8090  Germany Bldg. 7F Tsimshatsui, Kowloon Sao Paulo-SP Australia
Tel: 1(800) 272-9959 Tel: (0-81-41) 103-Q 1-7-1, Nakase, Mihama-Ku Hong Kong Brazil 05418-000 Tel: (3) 55B-9985
TWX. (910) 339-9240 Telex' 527648 Chiba-City, Tel: (852) 737-1600 Tel: (55-11) 212-5066 Fax: (3) 558-2998

Fax: (0-81-41) 10-35-06 Ciba Prefecture 261 Telex: 51262 NSHKL Telex: 391-1131931 NSBR BR

Tel: {043) 299-2300 Fax: (852) 736-8960 Fax. {55-11) 212-1181

Fax: {043) 299-2500
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National does not assume any responsibilily for use of any circuitry described, no circuit patent licenses are implied and National reserves. the right at any time withou" (; 2
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