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PLLatinum™ Low Power Frequency Synthesizer for RF Personal Communications
LMX2306 550 MHz
LMX2316 1.2 GHz
LMX2326 2.8 GHz
Check for Samples: LMX2306, LMX2316, LMX2326
FEATURES + MICROWIRE™ Interface
» 2.3V to 5.5V operation » Digital Lock Detect

e Ultralow current consumption

e 2.5V V¢ JEDEC standard compatible

e Programmable or logical power down mode:
— lgc =1 pA typical at 3V

e Dual modulus prescaler:
— LMX2306 8/9
— LMX2316/26 32/33

+ Selectable charge pump TRI-STATE® mode

* Selectable FastLock™ mode with timeout
counter

APPLICATIONS

e Portable wireless communications (PCS/PCN,
cordless)

e Wireless Local Area Networks (WLANS)
e Cable TV tuners (CATV)

* Pagers

e Other wireless communication systems

DESCRIPTION

The LMX2306/16/26 are monolithic, integrated frequency synthesizers with prescalers that are designed to be
used to generate a very stable low noise signal for controlling the local oscillator of an RF transceiver. They are
fabricated using National's ABIC V silicon BICMOS 0.5p process.

The LMX2306 contains a 8/9 dual modulus prescaler while the LMX2316 and the LMX2326 have a 32/33 dual
modulus prescaler. The LMX2306/16/26 employ a digital phase locked loop technique. When combined with a
high quality reference oscillator and loop filter, the LMX2306/16/26 provide the feedback tuning voltage for a
voltage controlled oscillator to generate a low phase noise local oscillator signal. Serial data is transferred into
the LMX2306/16/26 via a three wire interface (Data, Enable, Clock). Supply voltage can range from 2.3V to 5.5V.
The LMX2306/16/26 feature ultra low current consumption; LMX2306 - 1.7 mA at 3V, LMX2316 - 2.5 mA at 3V,
and LMX2326 - 4.7 mA at 3V.

The LMX2306/16/26 synthesizers are available in a 16-pin TSSOP surface mount plastic package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PLLatinum, MICROWIRE are trademarks of Texas Instruments.

TRI-STATE is a registered trademark of Texas Instruments.

FastLock is a trademark of dcl_owner.

All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Copyright © 2004-2011, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.
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Functional Block Diagram

Figure 1. Block Diagram
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Figure 2. 16-Lead (0.173” Wide) Thin Shrink Small Outline Pkg(TM)
Order Number LMX2306TM, LMX2306TMX, LMX2316TM,
LMX2316TMX, LMX2326TM or LMX2326TMX
See NS Package Number MTC16
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Figure 3. 16-pin Chip Scale Package

Order Number LMX2306SLBX, LMX2316SLBX or LM2326SLBX

See NS Package Number SLB16A

Pin Descriptions

16-Pin | 16-Pin Pin I/ Description
TSSOP | CSP | Name |O P
1 15 FL, O | FastLock Output. For connection of parallel resistor to the loop filter. (See Section 1.3.4 FASTLOCK
MODES description.)
16 CPqo O | Charge Pump Output. For connection to a loop filter for driving the input of an external VCO.
1 GND Charge Pump Ground.
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Pin Descriptions (continued)

16-Pin | 16-Pin Pin I/ Description
TSSOP | CSP | Name |O P

4 2 GND Analog Ground.

5 3 fin I | RF Prescaler Complementary Input. A bypass capacitor should be placed as close as possible to this pin
and be connected directly to the ground plane. The complementary input can be left unbypassed, with
some degradation in RF sensitivity.

fin | | RF Prescaler Input. Small signal input from the VCO.
Veer Analog Power Supply Voltage Input. Input may range from 2.3V to 5.5V. Bypass capacitors should be
placed as close as possible to this pin and be connected directly to the ground plane. Ve, must equal
Veeo-

8 6 OSCy | | Oscillator Input. This input is a CMOS input with a threshold of approximately Vcc/2 and an equivalent
100k input resistance. The oscillator input is driven from a reference oscillator.

9 GND Digital Ground.

10 CE | | Chip Enable. A LOW on CE powers down the device and will TRI-STATE the charge pump output. Taking
CE HIGH will power up the device depending on the status of the power down bit F2. (See Section 1.3.1
POWERDOWN OPERATION and Section 2.1 DEVICE PROGRAMMING AFTER FIRST APPLYING
Veed)

11 9 Clock I | High Impedance CMOS Clock Input. Data for the various counters is clocked in on the rising edge into
the 21-bit shift register.

12 10 Data | | Binary Serial Data Input. Data entered MSB first. The last two bits are the control bits. High impedance
CMOS input.

13 11 LE | | Load Enable CMOS Input. When LE goes HIGH, data stored in the shift registers is loaded into one of the
3 appropriate latches (control bit dependent).

14 12 Fo/LD | O | Multiplexed Output of the RF Programmable or Reference Dividers and Lock Detect. CMOS output. (See
Table 6.)

15 13 Veez Digital Power Supply Voltage Input. Input may range from 2.3V to 5.5V. Bypass capacitors should be
placed as close as possible to this pin and be connected directly to the ground plane. Ve, must equal
Vee-

16 14 Vp Power Supply for Charge Pump. Must be = V.

A

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

‘Y i\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings @ @

Power Supply Voltage

Veer -0.3V to +6.5V
Veez -0.3V to +6.5V
Vp —-0.3V to +6.5V

Voltage on Any Pin

with GND = 0V (V)

-0.3V to V¢ + 0.3V

Storage Temperature Range (Ts)

-65°C to +150°C

Lead Temperature (T,)

(solder, 4 sec.)

+260°C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Recommended operating conditions indicate
conditions for which the device is intended to be functional, but do not guarantee specific performance limits. For guaranteed
specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions

listed.

(2) This device is a high performance RF integrated circuit with an ESD rating < 2 kV and is ESD sensitive. Handling and assembly of this
device should only be done at ESD protected work stations.

Recommended Operating Conditions

Min Max Units
Power Supply Voltage
Veer 2.3 5.5 v
Vee Veer Veer \
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Recommended Operating Conditions (continued)

Min Max Units
A Vee 5.5 v
Operating Temperature (Tp) -40 +85 °C
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Electrical Characteristics

Vee = 3.0V, V, = 3.0V; —40°C < T, < 85°C except as specified
Symbol Parameter Conditions - Values Units
Min Typ Max
lcc Power Supply Current LMX2306 Vec=2.3Vto 55V 1.7 3.5 mA
LMX2316 Ve = 2.3V to 5.5V 25 5.0 mA
LMX2326 Ve = 2.3V to 5.5V 4.7 7.0 mA
lcc-PwDN Powerdown Current Vee = 3.0V 1 A
fin RF Input Operating Frequency | LMX2306 Vce = 2.3V to 5.5V 25 550 MHz
LMX2316 Ve = 2.3V to 5.5V 0.1 12 GHz
LMX2326 Ve = 2.3V to 5.5V 0.1 21 GHz
Ve = 3.0V to 5.5V 0.1 2.8 GHz
fosc Maximum Oscillator Frequency Vce = 2.3V to 5.5V 40 MHz
Ve = 2.7V to 5.5V 100 MHz
fo Maximum Phase Detector Frequency 10 MHz
Pfin RF Input Sensitivity Ve = 2.3V to <3.0V -15 +0 dBm
Ve = 3.0V to 5.5V -10 +0 dBm
OSCiy Oscillator Sensitivity -5 dBm
" High-Level Input Voltage @ 0.8 x Ve Y
Vi Low-Level Input Voltage @ 02xVec| V
Iy High-Level Input Current Vi = Vec=5.5v 4 -1.0 1.0 pA
m Low-Level Input Current \({SL =0V, Vgc = 5.5V -1.0 1.0 A
Iy Oscillator Input Current Viy = Vee = 5.5V 100 HA
I Oscillator Input Current VL =0V, Ve = 5.5V -100 HA
ICPy.source Charge Pump Output Current Vpo = V/2, ICP, = LOW @ -250 pA
ICPo.sink Vpo = V/2, ICP, = LOW @ 250 pA
ICPq.source Vpo = Vp/2, ICP, = HIGH @ -1.0 mA
ICPg.sink Vepo = Vpi2, ICP, = HIGH @) 1.0 mA
ICPo.Tii Charge Pump TRI-STATE Current 0.5=Vcpo sV, -0.5 -2.5 25 nA
-40°C < Tp<85°C
ICPg-sink vs CP Sink vs Source Mismatch Vepo = V2 5 %
ICPo-source Ta=25°C
ICP, vs Vpo | CP Current vs Voltage 0.5<Vepo=Vp-05 5 %
Ta =25°C
ICPovs T CP Current vs Temperature Vepo = V2 5 %
-40°C < Tp<85°C
Vou High-Level Output Voltage loy = =500 pA Vec - 0.4 \%
VoL Low-Level Output Voltage loL = 500 pA 0.4 \%
tcs Data to Clock Set Up Time See Data Input Timing 50 ns
ten Data to Clock Hold Time See Data Input Timing 10 ns
tcwH Clock Pulse Width High See Data Input Timing 50 ns
tewL Clock Pulse Width Low See Data Input Timing 50 ns
tes Clock to Load Enable Set Up Time See Data Input Timing 50 ns
tew Load Enable Pulse Width See Data Input Timing 50 ns
(1) Except fjy and OSCy.
(2) See PROGRAMMABLE MODES for ICP, description
Copyright © 2004-2011, Texas Instruments Incorporated Submit Documentation Feedback 5

Product Folder Links: LMX2306 LMX2316 LMX2326


http://www.ti.com/product/lmx2306?qgpn=lmx2306
http://www.ti.com/product/lmx2316?qgpn=lmx2316
http://www.ti.com/product/lmx2326?qgpn=lmx2326
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAS016F&partnum=LMX2306
http://www.ti.com/product/lmx2306?qgpn=lmx2306
http://www.ti.com/product/lmx2316?qgpn=lmx2316
http://www.ti.com/product/lmx2326?qgpn=lmx2326

OBSOLETE

LMX2306, LMX2316, LMX2326 1B TEXAS ENTS
SNAS016F —MAY 2004—-REVISED OCTOBER 2011 www.ti.com

Charge Pump Current Specification Definitions

' -/

VOLTAGE
OFFSET
AV

CURRENT (mA)

14

15 1
6T~ T~
|
|
|
I
0 AV Vo/2 Vp-av Vo
CP, VOLTAGE

11 = Charge Pump Sink Current at VCP, = Vp - AV

12 = Charge Pump Sink Current at VCP,, = Vp/2

13 = Charge Pump Sink Current at VCP, = AV

14 = Charge Pump Source Current at VCPy = Vp - AV

15 = Charge Pump Source Current at VCP, = Vp/2

16 = Charge Pump Source Current at VCP, = AV

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

Figure 4. Charge Pump Output Current Magnitude Variation Vs Charge Pump Output Voltage
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Figure 5. Charge Pump Output Current Sink Vs Charge Pump Output Current Source Mismatch
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Figure 6. Charge Pump Output Current Magnitude Variation Vs Temperature
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RF Sensitivity Test Block Diagram

Block Diagram

13 dB ATTN
LMX23X6
Evaluation Board
CLOCK fin o 100p RF 500
Parallel DATA —
PC. [Fort LE ATRCL "Signal Conarator
Vee MU € ¢
VCC 0,01y —
FolLD P 11 _
oscin M 10 MHz 0 dBm
HP5385A IN 4 S 12 51
- <
Frequency Counter ¢ HP8657 Signal
— Generator
PreAmp PCB L 29 —_
39k J_ L 4 J_
i I 100p I100p Iz.zu
2.3V = 5.0V

N=10,000 R=50 P=32
Sensitivity limit is reached when the error of the divided RF output, FoLD, is greater than or equal to 1 Hz.

Functional Description

The simplified block diagram below shows the 21-bit data register, a 14-bit R Counter, an 18-bit N Counter, and
a 18-bit Function Latch (intermediate latches are not shown). The data stream is shifted (on the rising edge of
LE) into the DATA input, MSB first. The last two bits are the Control Bits. The DATA is transferred into the
counters as follows:

Control DATA Location
C1 Cc2
0 0 R Counter
1 0 N Counter
0 1 Function Latch
1 1 Initialization

0SCy »| osc > RI:?JIJIBJ"FTER
PHASE CHARGE cp
o

X COMP. PUMP
< -~
CLOCK —— o 18-BIT h 4 1
LE " oara recister [ FUNCTOM LoCK FastLook |—p FL
DATA = DETECT °
FolLD
4 —>
o FolD

18-BIT
fin—>  PRESCALER M\ coumter —DD

PROGRAMMABLE REFERENCE DIVIDER

If the Control Bits are [C,, C,] = [0,0], data is transferred from the 21-bit shift register into a latch that sets the 14-
bit R Counter. The 4 bits R15-R18 are for test modes, and should be set to 0 for normal use. The LD precision
bit, R19, is described in the LOCK DETECT OUTPUT CHARACTERISTICS section. Serial data format is shown
below.

Copyright © 2004-2011, Texas Instruments Incorporated Submit Documentation Feedback 7
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LiB ¢

C C R R R R R R R R R R R R R R R R R R
1 2 1 2 3 4 5 6 7 8 9 |10 1112|1314 |15])16]|17 18] 19

|<—T;>|<— Divide ratio of the reference divider, R 4—|<— Test Modes —+——|
Control bits =

[0,0] LD Precision

Note: R15 to R18 are test modes and should be zero for normal operation.
Data is shifted in MSB first.

14-bit Programmable Reference Divider Ratio (R Counter)

Divide R R R R R R R R R R R R R R
Ratio 14 13 12 11 10 9 8 7 6 5 4 3 2 1
3 0 0 0 0 0 0 0 1 1
4 0 0 0 0 0 0 1 0 0
16383 1 1 1 1 1 1 1 1 1 1 1 1 1 1

PROGRAMMABLE DIVIDER (N COUNTER)

The N counter consists of the 5-bit swallow counter (A counter) and the 13-bit programmable counter (B
counter). If the Control Bits are [C,, C,] = [1,0], data is transferred from the 21-bit shift register into a 5-bit latch
(which sets the Swallow (A) Counter), a 13-bit latch (which sets the 13-bit programmable (B) Counter), and the
GO bit (See Section 1.3.4 FastLock MODES section) MSB first. For the LMX2306 the maximum N value is
65535 and the minimum N value is 56. For the LMX2316/26, the maximum N value is 262143 and the minimum
N value is 992. Serial data format is shown below.

LsB MSB

CICIN|IN|IN]ININ]N]IN]IN]N]N]N N NIN]IN]N]NIN

1 2 1 213141567 |89 t0oftt12)13|14]15]16]17 ]| 18] 19

l l Divide ratio of the programmable N divider —>| J
Control bits = [1,0] GO Bit

Note: Data is shifted in MSB first.
5-bit Swallow Counter Divide Ratio (A Counter)

Table 1. LMX2316/26

Divide N N N N N
Ratio 5 4 3 2 1
0 0 0 0 0 0
1 0 0 0 0 1
31 1 1 1 1 1
Table 2. LMX2306
Divide N N N N N
Ratio 5 4 3 2 1
0 X X 0 0 0
1 X X 0 0 1
7 X X 1 1 1
8 Submit Documentation Feedback Copyright © 2004-2011, Texas Instruments Incorporated

Product Folder Links: LMX2306 LMX2316 LMX2326


http://www.ti.com/product/lmx2306?qgpn=lmx2306
http://www.ti.com/product/lmx2316?qgpn=lmx2316
http://www.ti.com/product/lmx2326?qgpn=lmx2326
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAS016F&partnum=LMX2306
http://www.ti.com/product/lmx2306?qgpn=lmx2306
http://www.ti.com/product/lmx2316?qgpn=lmx2316
http://www.ti.com/product/lmx2326?qgpn=lmx2326

OBSOLETE

13 TEXAS
INSTRUMENTS

LMX2306, LMX2316, LMX2326

www.ti.com SNASO016F —MAY 2004—REVISED OCTOBER 2011

13-Bit Programmable Counter Divide Ratio (B Counter)

Divide N N N N N N N N N N N N N
Ratio 18 17 16 15 14 13 12 11 10 9 8 7 6
3 0 0 1 1

4 0 1 0 0
8191 1 1 1 1 1 1 1 1 1 1 1 1 1

Pulse Swallow Function
fvco = [(P x B) + A] x fosc/R

fuco:  Output frequency of external voltage controlled oscillator (VCO)

B: Preset divide ratio of binary 13-bit programmable counter (3 to 8191)

A: Preset divide ratio of binary 5-bit swallow counter (0 < A < 31; A < B for LMX2316/26)
or (0<A<7, A<B for LMX2306)

fosc:  Output frequency of the external reference frequency oscillator

R: Preset divide ratio of binary 14-bit programmable reference counter (3 to 16383)

P: Preset modulus of dual modulus prescaler

for the LMX2306; P =8 for the LMX2316/26; P = 32

FUNCTION AND INITIALIZATION LATCHES

Both the function and

initialization

latches write to the same

registers.

(See Section 2.1 DEVICE

PROGRAMMING AFTER FIRST APPLYING Vcc section for initialization latch description.)

clec|FlFIFIF]IF]IF]F]F]F]F]|F FlF FlF
1 2 1 2 3 4 5 6 7 8 9 10| 111213141516 |17 |18 | 19
sy ]y ' o | oot odes ]
i { L Fo/LD L FastLock Modes  Timeout Counter Power Down Mode
Power Down CP TRI-STATE Test Mode
Counter Reset Phase Detector Polarity
Table 3. Programmable Modes
c1 c2 F1 F2 F3-5 F6 F7 F8
0 1 COUNTER POWER DOWN FolLD PD cP FASTLOCK
RESET CONTROL POLARITY TRI-STATE ENABLE
F9 F10 F11-14 F15-F17 F18 F19
FAST- TIMEOUT TIMEOUT TEST POWER TEST
LOCK COUNTER COUNTER MODES DOWN MODE
CONTROL ENABLE VALUE MODE
Table 4. Mode Select Truth Table
PHASE
EoeTEr ey e
POLARITY
0 RESET POWERED NEGATIVE NORMAL
DISABLED uP OPERATION
1 RESET POWERED POSITIVE TRI-STATE
ENABELED DOWN
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Function Description

F1. The Counter Reset enable mode bit F1, when activated, allows the reset of both N and R counters. Upon
powering up, the F1 bit needs to be disabled, then the N counter resumes counting in “close” alignment with the
R counter. (The maximum error is one prescalar cycle).

F2. Refer to Section 1.3.1 POWERDOWN OPERATION section.
F3-5. Controls output of FoLD pin. See FoLD truth table. See Table 6.

F6. Phase Detector Polarity. Depending upon VCO characteristics, F6 bit should be set accordingly. When
VCO characteristics are positive F6 should be set HIGH; When VCO characteristics are negative F6 should be
set LOW

F7. Charge Pump TRI-STATE is set using bit F7. For normal operation this bit is set to zero.

F8. When the FastLock Enable bit is set the part is forced into one of the four FastLock modes. See description
in Table 7, FastLock Decoding.

F9. The FastLock Control bit determines the mode of operation when in FastLock (F8 = 1). When not in
FastLock mode, FL, can be used as a general purpose output controlled by this bit. For F9 = 1, FL, is HIGH and
for F9 = 0, FL, is LOW. See Table 7 for truth table.

F10. Timeout Counter Enable bit is set to 1 to enable the timeout counter. See Table 7 for truth table.
F11-14. FastLock Timeout Counter is set using bits F11-14. Table 8 for counter values.

F15-17. Function bits F15-F17 are for Test Modes, and should be set to 0 for normal use.

F18. Refer to Section 1.3.1 POWERDOWN OPERATION section.

F19. Function bit F19 is for a Test Mode, and should be set to 0 for normal use.

Powerdown Operation

Bits F[2] and F[18] provide programmable powerdown modes when the CE pin is HIGH. When CE is LOW, the
part is always immediately disabled regardless of powerdown bit status. Refer to Table 5.

Synchronous and asynchronous powerdown modes are both available by MICROWIRE selection. Synchronous
powerdown occurs if the F[18] bit (Powerdown Mode) is HIGH when F[2] bit (Powerdown) becomes HIGH.
Asynchronous powerdown occurs if the F[18] bit is LOW when its F[2] bit becomes HIGH.

In the synchronous powerdown mode (F[18] = HIGH), the powerdown function is gated by the charge pump to
prevent unwanted frequency jumps. Once the powerdown program bit F[2] is loaded, the part will go into
powerdown mode after the first successive charge pump event.

In the asynchronous powerdown mode (F[18] = LOW), the device powers down immediately after latching LOW
data into bit F[2].

The device returns to an actively powered up condition in either synchronous or asynchronous mode immediately
upon LE latching LOW data into bit F[2].

Activation of a powerdown condition in either synchronous or asynchronous mode including CE pin activated
powerdown has the following effects:

 Removes all active DC current paths.

» Forces the R, N, and timeout counters to their load state conditions.

*  Will TRI-STATE the charge pump.

* Resets the digital lock detect circuitry.

» Debiases the fjy input to a high impedance state.

» Disables the oscillator input buffer circuitry.

« The MICROWIRE control register remains active and capable of loading the data.

Table 5. Power Down Truth Table

CE(Pin 10) FI2] F[18] Mode
LOW X X Asynchronous Power Down
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Table 5. Power Down Truth Table (continued)

CE(Pin 10) F[2] F[18] Mode
HIGH 0 X Normal Operation
HIGH 1 0 Asynchronous Power Down
HIGH 1 1 Synchronous Power Down

Table 6. The Fo/LD (pin 14) Output Truth Table

F[3] F[4] F[5] Fo/LD Output State
0 0 0 TRI-STATE
0 0 1 R Divider Output (fr)
0 1 0 N Divider Output (fp)
0 1 1 Serial Data Output
1 0 0 Digital Lock Detect (See 1.3.2 LOCK DETECT OUTPUT Section)
1 0 1 n Channel Open Drain Lock Detect (See 1.3.2 LOCK DETECT OUTPUT Section)
1 1 0 Active HIGH
1 1 1 Active LOW

Lock Detect Output Characteristics

Output provided to indicate when the VCO frequency is in “lock.” When the loop is locked and the open drain
lock detect mode is selected, the pin's output is HIGH, with narrow pulses LOW. When digital lock detect is
selected, the output will be HIGH when the absolute phase error is < 15 ns for three or five consecutive phase
frequency detector reference cycles, depending on the value of R[19]. Once lock is detected the output stays
HIGH unless the absolute phase error exceeds 30 ns for a single reference cycle. Setting the charge pump to
TRI-STATE or power down (bits F2, F18) will reset the digital lock detect to the unlocked state. The LD precision
bit, R[19], will select five consecutive reference cycles, instead of three, for entering the locked state when R[19]
= HIGH.

LD MMBT200

Figure 7. Typical Lock Detect Circuit

Lock Detect Filter Calculation

The component values for the open drain lock detect filter can be determined after assessing the qualifications
for an in-lock condition. The in-lock condition can be specified as being a particular number (N) of consecutive
reference cycles or duration (D) wherein the phase detector phase error is some factor less than the reference
period. In an example where the phase detector reference period is 10 kHz, one might select the threshold for in-
lock as occurring when 5 consecutive phase comparisons have elapsed where the phase errors are a 1000 times
shorter than the reference period (100 ns). Here, N = 5 and F = 1000.
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For the lock detect filter shown in Figure 7, when used in conjunction with a open drain (active sink only) lock
detect output, the resistor value for R2 would be chosen to be a factor of F * R1. Thus, if resistor R1 were pulled
low for only 1/1000th of the reference cycle period, its “effective” resistance would be on par with R2. The two
resistors for that duty cycle condition on average appear to be two 1000x R1 resistors connected across the
supply voltage with their common node voltage (Vc) at Vc/2. Phase errors larger than 1/1000th of the reference
cycle period would drag the average voltage of node Vc below Vc/2 indicating an out-of-lock status. If the time
constant of R2 * C1 is now calculated to be N * the reference period (500 ps), then the voltage of node Vc would
fall below Vc/2 only after 5 consecutive phase errors whose average pulse width was greater than 100 ns.

FastLock Modes

FastLock enables the designer to achieve both fast frequency transitions and good phase noise performance by
dynamically changing the PLL loop bandwidth. The FastLock modes allow wide band PLL fast locking with
seemless transition to a low phase noise narrow band PLL. Consistent gain and phase margins are maintained
by simultaneously changing charge pump current magnitude, counter values, and loop filter damping resistor.
The four FastLock modes in Table 7 are similar to the technique used in National Semiconductor's LMX 233X
series Dual Phase Locked Loops and are selected by F9, F10, and N19 when F8 is HIGH. Modes 1 and 2
change loop bandwidth by a factor of two while modes 3 and 4 change the loop bandwidth by a factor of 4.
Modes 1 and 2 increase charge pump magnitude by a factor of 4 and should use R2'=R2 for consistent gain and
phase margin. Modes 3 and 4 increase charge pump magnitude and decrease the counter values by a factor of
4. R2' = 5 R2 should be used for consistent stability margin in modes 3 and 4. When F8 is LOW, the FastLock
modes are disabled, F9 controls only the FL, output level (FL, = F9), and N19 determines the charge pump
current magnitude (N19=LOW—ICP, = 250 pyA, N19=HIGH—ICP, = 1 mA).

Phase
Rgf.erznce Detector ®
ivider
? > ‘v‘v‘v=ll
L D
fp r > AA'A_I

Loop Filter

vCco

cp,
O RF,
1mA/0.25 mA out

1
1
1
1
1
1
1
1
1
1
1
1
Crystal 1 >
Reference : I : ¢t | 2
: : -
1 1 I
: -~ : R2' S R2
1 low/high/tri-state 1 s
: FastLock :
H FL, H —
1 1 -
1 v 1
1 | 1
! 1/N, ~4/N |« :
1 1
1 Main Divider 1
T o NN NN NN NN NN N NN NN N N N
Table 7. FastLock Decoding
N[19]

FastLock Status F[8] F[9] F[10] 1) FastLock State
FastLock Mode #1 1 0 0 1@ No Timeout Counter - 1X Divider
FastLock Mode #2 1 0 1 1 Timeout Counter - 1X Divider
FastLock Mode #3 1 1 0 1@ No Timeout Counter - 1/4X Divider
FastLock Mode #4 1 1 1 1 Timeout Counter - 1/4X Divider

(1) When the GO bit N[19] is set to one, the part is forced into the high gain mode. When the timeout counter is activated, termination of the
counter cycle resets the GO bit to 0. If the timeout counter is not activated, N[19] must be reprogrammed to zero in order to remove the
high gain state. See below for descriptions of each individual FastLock mode.
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There are two techniques of switching in and out of FastLock. To program the device into any of the FastLock
modes, the GO bit N[19] must be set to one to begin FastLock operation. In the first approach, the timeout
counter can be used (FastLock 2 and 4) to stay in FastLock mode for a programmable number of phase detector
reference cycles (up to 63) and then reset the GO bit automatically. In the second approach (FastLock 1 and 3)
without the timeout counter, the PLL will remain in FastLock mode until the user resets the GO bit via the
MICROWIRE serial bus. Once the GO bit is set to zero by the timeout counter or by MICROWIRE, the PLL will
then return to normal operation. This transition does not effect the charge on the loop filter capacitors and is
enacted synchronous with the charge pump output. This creates a nearly seamless transition between FastLock
and standard mode.

FastLock Mode 1In this mode, the output level of the FL, is programmed in a low state while the ICP, is in the
4x state. The device remains in this state until a command is received, resetting the N[19] bit to zero.
Programming N[19] to zero will return the device to normal operation*., i.e., ICP, = 1x and FL, returned to
TRI-STATE.

FastLock Mode 2ldentical to mode 1, except the switching of the device out of FastLock is controlled by the
Timeout counter. The device will remain in FastLock until the timeout counter has counted down the
appropriate number of phase detector cycles, at which time the PLL returns to normal operation*.

FastLock Mode 3This mode is similar to mode 1 in that the output level of the FL, is low and the ICP, is
switched to the 4x state. Additionally, the R and N divide ratios are reduced by one fourth during the
transient, resulting in a 16x improved gain. As in mode 1, the device remains in this state until a
MICROWIRE command is received, resetting the N[19] bit to zero and returning the device to normal
operation*.

FastLock Mode 4lIdentical to mode 3, except the switching of the device out of FastLock is controlled by the
Timeout counter. The device will remain in FastLock until the timeout counter has counted down the
appropriate number of phase detector cycles, at which time the PLL returns to normal operation*.

*Normal Operation FastLock Normal Operation is defined as the device being in low current mode and standard
divider values.

Table 8. FastLock Timeout Counter Value Programming

Timeout

(# PD (Cl)ycles) 3 7 11 15 19 23 27 31 35 . 59 63
F11 0 1 0 1 0 1 0 1 0 . 0 1
4
F12 0 0 1 1 0 0 1 1 0 . 1 1
(8)
F13 0 0 0 0 1 1 1 1 0 . 1 1
(16)
F14 0 0 0 0 0 0 0 0 1 . 1 1
(32)

(1) The timeout counter decrements after each phase detector comparison cycle.
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SERIAL DATA INPUT TIMING

DATA N18: MSI><N17 N10><N9 C2><C1 CONTROL BIT: LSB

(R18: MSB) (R17) (r8)

o _f1Lf] f]

(R7) (R6) (c2)  (C1 CONTROL BIT: LSB)
4.‘ towe ‘ I—I

LE ‘ —— ——
—] s
-~ — tew

-——

OR

tes —| L— tey AJ -~ tewn AJ
LE _| | E——

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 V¢cj,. The test
waveform has an edge rate of 0.6V/ns with amplitudes of 1.84V @ Vcc = 2.3V and 4.4V @ V¢ = 5.5V.

PHASE COMPARATOR AND INTERNAL CHARGE PUMP CHARACTERISTICS
— 1 b 7 L1 1 |
L L L Lf LfL_{

S | N N N N i

Do -———n ——————— + ——————————————————— -I_I------I

o> fr=1 o<t o<ty o<t

—~

Notes: Phase difference detection range: —21T to +211
The Phase Detector Polarity F[6] = HIGH
The minimum width pump up and pump down current pulses occur at the ICP,, pin when the loop is locked.
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TYPICAL APPLICATION EXAMPLE
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OPERATIONAL NOTES:

*VCO is assumed AC coupled.
**R1 increases impedance so that VCO output power is provided to the load rather than the PLL. Typical values are
10Q to 200Q depending on the VCO power level. fiy RF impedance ranges from 40Q to 100Q.
**50Q termination is often used on test boards to allow use of external reference oscillator. For most typical products
a CMOS clock is used and no terminating resistor is required. OSC,y may be AC or DC coupled. AC coupling is
recommended because the input circuit provides its own bias. (See Figure below.)

100kQ
MWy

0SCy D‘: To the R Counter

DEVICE PROGRAMMING AFTER FIRST APPLYING V..

Three MICROWIRE programming methods can be used to change the function latch, R counter latch, and N
counter latch contents with close phase alignment of R and N counters to minimize lock up time after the cold
power up.

Application Information

INITIALIZATION SEQUENCE METHOD

Loading the function latch with [C1, C2] = [1, 1] immediately followed by an R counter load, then an N counter
load, efficiently programs the MICROWIRE. Loading the function latch with [C1, C2] = [1, 1] programs the same
function latch as a load with [C1, C2] = [0, 1] and additionally provides an internal reset pulse described below.
This program sequence insures that the counters are at load point when the N counter data is latched in and the
part will begin counting in close phase alignment.

The following results from latching the MICROWIRE with an F latch word, [C1, C2] = [1, 1]:
» The function latch contents are loaded.

* An internal pulse resets the R, N, and timeout counters to load state conditions and will TRI-STATE the
charge pump. If the function latch is programmed for the synchronous powerdown case; CE = HIGH, F[2] =
HIGH, F[18] = HIGH, this internal pulse triggers powerdown. Refer to Section 1.3.1 POWERDOWN
OPERATION section for a synchronous powerdown description. Note that the prescaler bandgap reference
and the oscillator input buffer are unaffected by the internal reset pulse, allowing close phase alignment when
counting resumes.
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» Latching the first N counter data after the initialization word will activate the same internal reset pulse.
Successive N counter data loads without an initialization load will not trigger the internal reset pulse.

CE METHOD

Programming the function latch, R counter latch and N counter latch while the part is being held in a powerdown
state by CE allows lowest possible power dissipation. After the MICROWIRE contents have been programmed
and the part is enabled, the R and N counter contents will resume counting in close phase alignment. Note that
after CE transitions from LOW to HIGH, a duration of 1 ys may be required for the prescaler bandgap voltage
and oscillator input buffer bias to reach steady state.

CE can be used to power the part up and down by pin control in order to check for channel activity. The
MICROWIRE does not need to be reprogrammed each time the part is enabled and disabled as long as it has
been programmed at least once after V¢ was applied.

COUNTER RESET METHOD

This MICROWIRE programming method consists of a function latch load, [C1, C2] = [0, 1], enabling the counter
reset bit, F[1]. The R and N counter latches are then loaded followed by a final function latch load that disables
the counter reset. This provides the same close phase alignment as the initialization sequence method with
direct control over the internal reset. Note that counter reset holds the counters at load point and will TRI-STATE
the charge pump, but does not trigger synchronous powerdown. The counter reset method requires an extra
function latch load compared to the initialization sequence method.

DEVICE PROGRAMMING

When programming the LMX2306, LMX2316, and LMX2326, first determine the frequencies and mode of
operation desired. Data register is programmed with a 21-bit data stream shifted into the R counter, N counter, or
the F latch. The Functional Description section shows the bits for the R counter, and the corresponding
information for the N counter. The FL, programming information is given in the FUNCTION AND INITIALIZATION
LATCHES section. Typical numbers for a GSM application example are given. In the example, the RF output is
locking at 950 MHz (f,¢,) with a 200 kHz channel spacing (fcomparison). The crystal oscillator reference input is 10
MHz (f,sc) and the prescaler value (P) is 32. An example of both methods of FastLock will be shown.

The last two bits (control bits C1 and C2) of each bit stream identify which counter or FL, mode will be
programmed. For example, to program the R counter, C1 and C2 will be 0,0. Immediately proceeding these two
bits is the N, R, or F bits providing the divide ratios and FastLock mode information.

Control Bits DATA Location
C1 Cc2
0 0 R Counter
1 0 N Counter
0 1 Function Latch
1 1 Initialization

For example, to load the N counter, the last two bits C1 and C2 must be 10.

Once the control bits have been determined, the frequency information must be determined. To begin, determine
the N and R counter values as follows:

N = fvco/ fcomparison (1)

and (2

R= fosc/fcomparison (3)
For this example R and N are determined as follows:

R = 10 MHz/200 kHz = 50 (4)

and ©)

N = 950 MHz/200 kHz = 4750 (6)
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N COUNTER

The calculated value of N, and the value of P are now used to determine the values of A and B where A and B
are both integer values:

N=P*B+A @)
where B is the divisor and A is the remainder. Therefore:
B = div (N/P) (8)
and 9)
A=N-(B*P) (10)
For this example, B and A are calculated as follows:
B = div (4750/32) = 148 = 0000010010100 (12)
and (12)
A= 4750 - (148 * 32) = 14 = 01110 (13)

To load the N counter with these values, the programming bit stream would be as follows. The first bit, the GO
bit, (MSB) N[19] is used for FastLock operation and will be discussed in the F Latch section. The next 13 bits,
(N[18]-N[6]) shifted in, are the B counter value, 0000010010100, *. Bits N[5]-N[1] are the A counter and are
01110, in this example. The final two bits (the control bits) are 1,0 identifying the N counter. In programming the
N counter, the value of B must be greater than or equal to A, and the value of B must be greater than or equal to
3.

NOTE
*In programming the counter, data is shifted in MSB first.

C C N N N N N N N N N N N N N N N N N N N
1 2 1 2 3 4 5 6 7 8 g |10 11|12 13|14 15|16 17|18 ] 19

| | Divide ratio of the programmable N divider —>| J
Control bits = [1,0] GO Bit

R COUNTER

Programming the R counter is done by shifting in the binary value of R calculated previously (504 = 110010y).
The first bit shifted in is R[19] the LD precision bit. The next 4 bits (R[18]-R[15]) shifted in, are used for testing
and should always be loaded with zeros. The R[14]-R[1] bits are used to program the reference divider ratio and
should be 00000000110010,, for this example. The final two bits, C[1] and C[2] denote the R counter and should
be 0, 0. The resulting bit stream looks as follows:

LSB MSB
C C R R R R R R R R R R R R R R R R R R
1 2 1 2 3 4 5 6 7 8 9 |10 1112|1314 |15])16]|17 18] 19

| |<— Divide ratio of the reference divider, R ——|<— Test Modes —+—>|

Control bits = [0,0] LD Precision

F LATCH

To program the device for any of the FastLock modes, C[1] = 0 and C[2] = 1 which direct data to the F latch. The
Section 1.3 FUNCTION AND INITIALIZATION LATCH section discusses the 4 modes of FastLock operation. The
user must first determine which FastLock mode will be used. When using any of the FastLock modes, the
programmer needs to experimentally determine the length of time to stay in high gain mode. This is done by
looking at the transient response and determining the time at which the device has settled to within the
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appropriate frequency tolerance. FastLock mode should be terminated just prior to “lock” to place the switching
phase glitch within the transient settling time. The counter reset mode (F[1] bit) holds both the N and R counters
at load point when F[1] = HIGH. Upon setting F[1] = LOW, the N and R counters will resume counting in close
phase alignment. Other functions of the F latch such as FoLD output control, Phase detector polarity, and charge
pump TRI-STATE are defined in the 1.3 FUNCTION AND INITIALIZATION LATCH section also.

FastLock MODE 1 PROGRAMMING

The F[1]-F[7] bits will be denoted as (*) and are dependent on the desired modes of the applicable functions. To
program the device for mode 1 FastLock, the F[8]-F[10] bits are programmed 100, while the N[19] bit is set to 1.
The device will stay in the 4X current mode until another N bit stream is sent with the N[19] bit reset to 0. This
gives a bit stream as follows:

Cl|C2|F1L|F2|F3| F4|F5]|F6|F7|F8|F9|F10|F11|F12|F13(F14|F15|F16(F17|F18|F19

0 1 * * * * * * * 1 0 0 * * * * 0 0 0 0 0

— I I 1

Control Bits Fastlock Model Timeout Counter

FastLock MODE 2 PROGRAMMING

Again, the F[1]-F[7] bits will be denoted as don't care (*) but are dependent on the desired modes of the
applicable functions. To program the device for mode 2 FastLock, the F[8]-F[10] bits are programmed 101, while
the N[19] bit is set to 1. The device will stay in the 4X current mode for the programmed number of phase
detector cycles. Bits F[11]-F[14] program this number of cycles and are shown in Table 8. For our example, we
will use 27 phase detector cycles, i.e. bits F[11]-F[14] will be 0110,,. After 27 phase detector cycles, the N[19] bit
returns to zero, bringing the device back to low current mode. The resulting bit stream is as follows:

Cl|C2|F1|F2|F3|F4A|F5|F6|F7 | F8|F9|F10|F11|F12|F13|F14|F15|F16|F17|F18|F19
0 1 * * * * * * * 1 0 1 0 1 1 0 0 0 0 0 0

” » | | I

I T
Control Bits Fastlock Model Timeout Counter

FastLock modes 3 and 4 are programmed in the same manner and give the added 4X gain increase as
discussed in Section 1.3.4 FastLock modes.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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