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3.3-V HIGH PERFORMANCE RAD-TOLERANT CLASS V, CLOCK SYNCHRONIZER AND
JITTER CLEANER

Check for Samples: CDCM7005-SP

FEATURES + Rad-Tolerant : 50kRad (Si) TID

e High Performance LVPECL and LVCMOS PLL e QML-V Qualified, SMD 5962-07230
Clock Synchronizer « Military Temperature Range

e Two Reference Clock Inputs (Primary and (-55°C to 125°C T;ase)

Secondary Clock) for Redundancy Support
With Manual or Automatic Selection PIN ASSIGNMENTS

e Accepts LVCMOS Input Frequencies Up to HFG PACKAGE
200 MHz é . (TOPVIEW)

e VCXO_IN Clock is Synchronized to One of the SI S'

Two Reference Clocks -

c —
e VCXO_IN Frequencies Up to 2 GHz (LVPECL) % 5 A
—

+ Outputs Can Be a Combination of LVPECL and th % ‘g
LVCMOS (Up to Five Differential LVPECL s 5
Outputs or Up to 10 LVCMOS Outputs) SRS WY o

. 4z 330z0% %o

e Output Frequency is Selectable by x1, /2, /3, /4, E0on>>5>50353>3>k

/6, /8, /16 on Each Output Individually /DTN
.. . i 52 51 50 49 48 47 46 45 44 43 42 41 40

« Efficient Jitter Cleaning From Low PLL Loop GND [] 1 39[] vee
Bandwidth CTRL_DATA[] 2 38[] Y3B

. | AVCC [] 3 37[] YsA
Low Phase Noise PLL Core cTRL_cLk [ 4 ss[] voo

+ Programmable Phase Offset (PRI_REF and CTRL_LE[] 5 3s[] vce
SEC_REF to Outputs) AvCC [] 6 34[] v2B

« Wide Charge Pump Current Range From GND []7 33[] vaa
200 pA to 3 mA cP_ouT []8 32[] vee

e Dedicated Charge Pump Supply (VCC_CP) for AVEP LS g;[ X?;

ide Tuning Voltage Range VCOs eg S i I
Wide g g g GND [] 11 29[] v1A

* Presets Charge Pump to VCC_CP/2 for Fast REF_SEL[] 12 28[] vce

Center Frequency Setting of VC(X)O GND [] 13 27[] PD
A . ; 14 15 16 17 18 19 20 21 22 23 24 25 26
e Analog and Digital PLL Lock Indication DG e ¥ e ¥ e o e B

e Provides VBB Bias Voltage Output for
Single-Ended Input Signals (VCXO_IN)

e Frequency Hold Over Mode Improves Fail-Safe
Operation

e Power-Up Control Forces LVPECL Outputs to
3-State at Vge <15V

e SPI Controllable Device Setting
e 3.3-V Power Supply

e High-Performance 52 Pin Ceramic Quad Flat
Pack (HFG)

2 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.
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DESCRIPTION

The CDCM7005 is a high-performance, low phase noise and low skew clock synchronizer that synchronizes a
VCXO (voltage controlled crystal oscillator) or VCO (voltage controlled oscillator) frequency to one of the two
reference clocks. The programmable pre-divider M and the feedback-dividers N and P give a high flexibility to the
frequency ratio of the reference clock to VC(X)O:

* VC(X)O_IN/PRI_REF=(NxP)/Mor

e VC(X)O_IN/SEC REF=(NxP)/M

VC(X)O_IN clock operates up to 2 GHz. Through the selection of external VC(X)O and loop filter components,
the PLL loop bandwidth and damping factor can be adjust to meet different system requirements.

The CDCM7005 can lock to one of two reference clock inputs (PRI_REF and SEC_REF), supports frequency
hold-over mode and fast-frequency-locking for fail-safe and increased system redundancy. The outputs of the
CDCM7005 are user definable and can be any combination of up to five LVPECL outputs or up to 10 LVCMOS
outputs. The LVCMOS outputs are arranged in pairs (YOA:YOB, Y1A:Y1B, ...), so that each pair has the same
frequency. But each output can be separately inverted and disabled. The built in synchronization latches ensure
that all outputs are synchronized for low output skew.

All device settings, like outputs signaling, divider value, input selection, and many more, are programmable by
SPI (3-wire serial peripheral interface). SPI allows individually control of the device settings.

The device operates in a 3.3-V environment and is characterized for operation from —55°C to 125°C (T¢age)-

Table 1. ORDERING INFORMATION®

TEMPERATURE PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING

5962-0723001VXC
CDCM7005HFG-V

-55°C 10 125°C Tease 52 / HFG 5962-0723001VXC

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
website at www.ti.com.
(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

2 Submit Documentation Feedback Copyright © 2009-2010, Texas Instruments Incorporated
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FUNCTIONAL BLOCK DIAGRAM
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Table 2. PIN ASSINGMENT

TERMINAL
/0 DESCRIPTION
NAME HFG
19, 22,
23, 26,
28, 31,
VCC 32, 35, Power 3.3-V supply. Vcc and AV should always have same supply voltage. It is
36, 39, recommended that AVc¢ use its own supply filter.
41, 44,
46, 47,
48
Thermal
pad, and
GND Pins: 1, 7, Ground Ground
11, 13, 45,
51
AVCC 3,6,9 Analog 3.3-V analog power supply. There is no internal connection between AVqc and Vec. Itis
16, 17 Power recommended that AV¢¢ use its own supply filter.
This is the charge pump power supply pin used to have the same supply as the external

vee_cp 10 Power VCO. It can be set from 2.3 Vto 3.6 V.

LVCMOS input, control latch enable for serial programmable Interface (SPI), with

CTRL_LE 5 | hysteresis. Unused or floating inputs must be tied to proper logic level. It is
recommended to use a 20-kQ or larger pullup resistor to VCC.

LVCMOS input, serial control clock input for SPI, with hysteresis. Unused or floating

CTRL_CLK 4 | inputs must be tied to proper logic level. It is recommended to use a 20-kQ or larger
pullup resistor to VCC.

LVCMOS input, serial control data input for SPI, with hysteresis. Unused or floating

CTRL_DATA 2 | inputs must be tied to proper logic level. It is recommended to use a 20-kQ or larger
pullup resistor to VCC.

LVCMOS input, asynchronous power down (PD) signal. This pin is low active and can
be activated external or by the corresponding bit in the SPI register (in case of logic
high, the SPI setting is valid). Switches the device into power-down mode. Resets M-

PD 27 | and N-Divider, 3-states charge pump, STATUS_REF, or PRI_SEC_CLK pin,
STATUS_VCXO or I_REF_CP pin, PLL_LOCK pin, VBB pin and all Yx outputs. Sets the
SPI register to default value; has internal 150-kQ pullup resistor.

It is recommended to ramp up the PD with the same time as V¢ and AV or later. The
ramp up rate of the PD should not be faster than the ramp up rate of V¢ and AVcc.
This LVCMOS input can be programmed (SPI) to act as HOLD or RESET. RESET is the
default function. This pin is low active and can be activated external or via the
corresponding bit in the SPI register. In case of RESET, the charge pump (CP) is
switched to 3-state and all counters (N, M, P) are reset to zero (the initial divider settings
are maintained in SPI registers). The LVPECL outputs are static low and high
respectively and the LVCMOS outputs are all low or high if inverted. RESET is not edge

RESET or 40 | triggered and should have a pulse duration of at least 5 ns.

HOLD In case of HOLD, the CP is switched in to 3-state mode only. After HOLD is released
and with the next valid reference clock cycle the charge pump is switched back in to
normal operation (CP stays in 3-state as long as no reference clock is valid). During
HOLD, the P divider and all outputs Yx are at normal operation. This mode allows an
external control of the frequency hold-over mode.

The input has an internal 150-kQ pullup resistor.

VCXO_IN 21 | VCXO LVPECL input

VCXO_IN 20 | Complementary VCXO LVPECL input
LVCMOS input for the primary reference clock, with an internal 150-kQ pullup resistor

PRI_REF 14 | . .

- and input hysteresis.
LVCMOS input for the secondary reference clock, with an internal 150-kQ pullup resistor

SEC_REF 15 | . .

- and input hysteresis.
LVCMOS reference clock selection input. In the manual mode the REF_SEL signal
selects one of the two input clocks:

REF_SEL 12 | REF_SEL [1]: PRI_REF is selected;

REF_SEL [0]: SEC_REF is selected;
The input has an internal 150-kQ pullup resistor.
CP_OUT 8 (0] Charge pump output
4 Submit Documentation Feedback Copyright © 2009-2010, Texas Instruments Incorporated
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Table 2. PIN ASSINGMENT (continued)

TERMINAL

NAME

HFG

11O

DESCRIPTION

VBB

18

Bias voltage output to be used to bias unused complementary input VCXO_IN for single
ended signals. The output of VBB is Vcc — 1.3 V. The output current is limited to about
1.5 mA.

STATUS_REF or
PRI_SEC_CLK

50

This output can be programmed (SPI) to provide either the STATUS_REF or
PRI_SEC_CLK information. This pin is set high if one of the STATUS conditions is valid.
STATUS_REF is the default setting.

In case of STATUS_REF, the LVCMOS output provides the Status of the Reference
Clock. If a reference clock with a frequency above 2 MHz is provided to PRI_REF or
SEC_REF STATUS_REF will be set high.

In case of PRI_SEC_CLK, the LVCMOS output indicates whether the primary clock
[high] or the secondary clock [low] is selected.

STATUS_VCXO
or|_REF_CP

49

This LVCMOS output can be programmed (SPI) to provide either the STATUS_VCXO
information or serve as current path for the charge pump (CP). STATUS_VCXO is the
default setting.

In case of STATUS_VCXO, the LVCMOS output provides the status of the VCXO input
(frequencies above 2 MHz are interpreted as valid clock; active high).

In case of I_REF_CP, it provides the current path for the external reference resistor

(12 kQ £1%) to support an accurate charge pump current, optional. Do not use any
capacitor across this resistor to prevent noise coupling via this node. If the internal 12 kQ
is selected (default setting), this pin can be left open.

PLL_LOCK

52

/10

LVCMOS output for PLL_LOCK information. This pin is set high if the PLL is in lock (see
feature description). This output can be programmed to be digital lock detect or analog
lock detect (see feature description).

The PLL is locked (set high), if the rising edge either of PRI_REF or SEC_REF clock
and VCXO_IN clock at the phase frequency detector (PFD) are inside the lock detect
window for a predetermined number of successive clock cycles.

The PLL is out-of-lock (set low), if the rising edge of either the PRI_REF or SEC_REF)
clock and VCXO_IN clock at the PFD are outside the lock detect window or if a
cycle-slip occurs.

Both, the lock detect window and the number of successive clock cycles are user
definable (via SPI).

YOA:YOB
Y1A:Y1B
Y2A:Y2B
Y3A:Y3B
Y4A:Y4B

The outputs of the CDCM7005 are user definable and can be any combination of up to
five LVPECL outputs or up to 10 LVCMOS outputs. The outputs are selectable via SPI
(Word 1, Bit 2-6). The power-up setting is all outputs are LVPECL.

ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range (unless otherwise noted)®

UNIT

Vee, Avees Vee cp Supply voltage range @ -05Vto4.6V

\ Input voltage range © —0.5V o Ve + 05V
Vo Output voltage range @ —0.5V o Ve + 05V

Output current for LVPECL/LVCMOS outputs

IOUT (O < VO < VCC) +50 mA

N Input current (V, <0, V| > Vcc) +20 mA

Tstg Storage temperature range —65°C to 150°C
T, Maximum junction temperature 125°C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute—maximum-rated conditions for extended periods may affect device reliability.

(2) All supply voltages have to be supplied at the same time.

(3) The input and output negative voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

Copyright © 2009-2010, Texas Instruments Incorporated
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Package Thermal Resistance for HFG Package ®
PARAMETER TEST CONDITIONS TYP UNIT
Junction-to-free-air thermal Board mounted, per JESD 51-5 o
Rooa resistance methodology 21813 cw
Resc Junction-to-case thermal MIL-STD-883 test method 1012 0.849 °CIW
resistance
(1) Connected to GND with nine thermal vias (0,3 mm diameter).
RECOMMENDED OPERATING CONDITIONS
MIN  NOM MAX | UNIT
Vee, AV 3 3.3 3.6
ce ce Supply voltage \%
Vec_cp 23 Vee
Vi Low-level input voltage LVCMOS, see @ 03Vee| V
Viy High-level input voltage LVCMOS, see ) 0.7 Vee \Y
loH High-level output current LVCMOS (includes all status pins) -8 mA
loL Low-level output current LVCMOS (includes all status pins) 8 mA
V| Input voltage range LVCMOS 0 3.6 \%
VINPP Input amplitude LVPECL (VVCXO_IN -V VCXO_IN )(2) 0.5 1.3 \Y
Vic Common-mode input voltage LVPECL 1 V0.3 \%
Tc Operating case temperature -55 125 °C
(1) V,_and V are required to maintain ac specifications; the actual device function tolerates a smaller input level of 1V, if an ac-coupling to

Vcc/2 is provided.

of 150 mV.

TIMING REQUIREMENTS
over recommended ranges of supply voltage, load and operating free air temperature

V\npp Minimum and maximum is required to maintain ac specifications; the actual device function tolerates at a minimum V,ypp

PARAMETER MIN TYP  MAX| UNIT

PRI_REF/SEC_REF_IN REQUIREMENTS

fREF IN LVCMOS primary or secondary reference clock frequency® 0 200| MHz
tl t Rise and fall time of PRI_REF or SEC_REF signals from 20% to 80% of V¢ 4 ns
dutyREF Duty cycle of PRI_REF or SEC_REF at Vc/2 40% 60%
VCXO_IN, VCXO_IN REQUIREMENTS

fucxo IN VCXO clock frequency©) 0 2000 MHz
t/ t Rise and fall time 20% to 80% of VINPP at 80 MHz to 800 MHz® 3| ns
dutyVCXO  Duty cycle of VCXO clock 40% 60%
SPI/CONTROL REQUIREMENTS (see Figure 15)

fetrL_cLk CTRL_CLK frequency 20| MHz
tsu1 CTRL_DATA to CTRL_CLK setup time 10 ns
tho CTRL_DATA to CTRL_CLK hold time 10 ns
t3 CTRL_CLK high duration 25 ns
ty CTRL_CLK low duration 25 ns
tsus CTRL_LE to CTRL_CLK setup time 10 ns
tsue CTRL_CLK to CTRL_LE setup time 10 ns
ty CTRL_LE pulse width 20 ns
tl t Rise and fall time of CTRL_DATA CTRL_CLK, CTRL_LE from 20% to 80% of V¢ 4 ns
(1) At Reference Clock less than 2 MHz, the device stays in normal operation mode but the frequency detection circuitry resets the

STATUS_REF signal to low. In this case, the status of the STATUS_REF is no longer relevant.

(2) free N Can be up to 250 MHz in typical operating mode (25°C / 3.3-V V).

(3) If the Feedback Clock (derives from VCXO input) is less than 2 MHz, the device stays in normal operation mode but the frequency
detection circuitry resets the STATUS_VCXO signal and PLL_LOCK signal to low. Both status signals are no longer relevant. This
effects the HOLD-over function as well, as the PLL_LOCK signal is no longer valid!

(4) Use a square wave for lower frequencies (< 80 MHz).

6 Submit Documentation Feedback Copyright © 2009-2010, Texas Instruments Incorporated
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TIMING REQUIREMENTS (continued)
over recommended ranges of supply voltage, load and operating free air temperature

PARAMETER | MIN  TYP  MAX| UNIT
PD, RESET, HOLD , REF_SEL REQUIREMENTS
te/ t Rise and fall time of the PD, RESET, HOLD, REF_SEL signal from 20% to 80% of V¢ ‘ 4 ‘ ns
DEVICE CHARACTERISTICS
over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS ’ MIN TYPW MAX UNIT
OVERALL
fyexo = 200 MHz,
frer_in = 25 MHz,
loc_Lvpect PED = 195.3125 kHz, Icp = 2 mA, all 210 260 mA
outputs are LVPECL and Div-by-8 (load,
Supply current (lcc over frequency see | See Figure 14)
Figure 2 through Figure 5) fyexo = 200 MHz,
frer_in = 25 MHz,
lec_Lvemos PFD = 195.3125 kHz, Icp = 2 mA, Al 120 160| mA
outputs are LVCMOS and Div-by-8 (load,
10 pF)
fiy = 0 MHz, Voec = 3.6 V, AVc = 3.6 V,
lccrp Power-down current Vec cp=36V, 100 300 HA
V=0V orVcc
| High-impedance state output current Vo=0VorVec-08V +40 HA
0z for Yx outputs Vo =0V orVee +100 HA
Voltage on |_REF_CP (external current .
V)_Rer_cp path for accurate charge pump current) | 22 kQ to GND at pin 49 1.114 1.21 1.326 Y
Vgs Output reference voltage Vee=3V-3.6V;Ilgg=-0.2mA Vcec—1.446 Vee-1.3 Vee—1.09 \%
Co Output capacitance for Yx Vee =33V, Vog=0Vor Ve 3 pF
Input capacitance at PRI_REF and
) SI'E)C_RIEF — V,=0VorVee V, =0V or Vee 3.6 .
| : p
Input capacitance at CTRL_LE, _
CTRL_CLOCK, CTRL_DATA Vi=0VorVee s
LVCMOS
¢ Output frequency (see @, @ Figure 7, | Load = 5 pF to GND, 1 kQ to V¢, 1 kQ 240 MHz
clk and Figure 8) to GND
Vik LVCMOS input clamp voltage Vee =3V, || =-18 mA -1.2 \%
LVCMOS input current for CTRL_LE, _ _
" CTRL_CLK, CTRL_DATA Vi=0VorVec, Vee =36V B WA
LVCMOS input current for PD, RESET,
I HOLD, REF_SEL, PRI_REF, V,=Vee, Vee = 3.6 V 5 A
SEC_REF, (see @)
LVCMOS input current for PD, RESET,
I HOLD, REF_SEL, PRI_REF, Vi=0V,Vec=36V -15 -35 HA
SEC_REF (see ¥)
Vcc_= min to max, Vee0.1
. lor = =100 pA
v, High-level output voltage for LVCMOS v
OH outputs Vee =3V, loy = —6 mA 2.4
Vee =3V, loy = -12 mA
Ve = min to max,
lor = 100 pA 01
v Low-level output voltage for LVCMOS | O- v
oL outputs Vee =3V, lg =6 mA 0.5
Vee =3V, oL = 12 mA 0.8
lon High-level output current Veec=33V,Vp=165V -50 -30 -20 mA
loL Low-level output current Ve =33V,Vp=165V 20 30 50 mA

(1) All typical values are at V¢ = 3.3 V, temperature = 25°C.

(2) fuk can be up to 400 MHz in the typical operating mode (25°C / 3.3-V V().

(3) Operating the LVCMOS or LVPECL output above the maximum frequency will not cause a malfunction to the device, but the output
signal swing may no longer meet the output specification.

(4) These inputs have an internal 150-kQ pullup resistor.

Copyright © 2009-2010, Texas Instruments Incorporated
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DEVICE CHARACTERISTICS (continued)
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP® MAX | UNIT
tpho Phase offset (REF_IN to Y output)® ;/;Elfiﬁhl\:ezl\é?i/gégzz 1\603/':2 2.7 ns
tsk(p) LVCMOS pulse skew, see Figure 11 Crosspoint to Vc/2 load, see Figure 13 160 ps
Ipd(LH) siogi%ag%l:jeelﬁl from VCXO_IN to (L:cr)gzsgc;gt;lg,vscecelzléigure 13 (PLL 2.8 ns
pd(HL) ’ bypass mode)

LVCMOS single-ended output skew, All outputs have the same divider ratio 80
fsk) see ® and Figure 11 Outputs have different divider ratios 80 ps
Duty cycle LVCMOS Veel2 to Vec/2 49% 51%
tslew-rate Output rise/fall slew rate 52?;% Sg%:’[g)f swing (load 35 Vins
LVPECL
fo Output frequency, see ) and Figure 6 | Load, see Figure 14 0 2000 MHz
I LVPECL input current V, =0V or Ve +20 HA
Von LVPECL high-level output voltage Load, See Figure 14 Vcc-1.18 Vcc—0.81 \%
Voo LVPECL low-level output voltage Load, See Figure 14 Vee—2 Vcc—-1.55 \Y
Vool Differential output voltage See Figure 10 and load, see Figure 14 500 mvV
toho Phase offset (REF_IN to Y output)® ;/;E':Fiahf\:gl\écc/z to cross point of Y, 250 ps
todLr) Propagati_on delay time, VCXO_IN to Cross point-to-cross point, load 615 ps
tod(HL Yx, see Figure 11 see Figure 14
tkp) LVPECL pulse skew, see Figure 11 Cross point-to-cross point, load 15 ps
see Figure 14
Load see Figure_ 14, all outputs have the 20
tsk(o) LVPECL output skew® same d|V|d§r ratio ps
Lpad see Figure 14, outputs have 50
different divider ratios
t/t Rise and fall time 20% to 80% of Voyrpp, See Figure 10 170 ps
o) I\%autance at VCXO_IN, 25 oF
LVCMOS-TO-LVPECL
o) Output skew between LvCMOS and Cross point to VCCIZ_; load, 2 3.2 ns
g LVPECL outputs, see @ and Figure 11 | see Figure 13 and Figure 14
PLL ANALOG LOCK
lon High-level output current Vee=36V,Vo=18V -150 -110 -80 pA
lou Low-level output current Vee=36V,Vo=18V 80 110 150 HA
lozH Lock ;‘)‘?*,;'L‘[‘E%’g?guf;ﬁ%g“‘p“t current |y =36V (PD is set low) 45 65| pA
lozt Lock High-impedance sate QuIpUL cUTent |y, =0y (PB is setlow) 5| A
VT4 Positive input threshold voltage Vce = min to max Vccx0.55 Y
Vir_ Negative input threshold voltage Vce = min to max Vccx0.35 \%
PHASE DETECTOR
fepmax Maximum charge pump frequency Default PFD pulse width delay 100 MHz
CHARGE PUMP
Iep g;zrg?lgump sink/source current Vep = 0.5 Vee cp +0.2 +3.9 mA

(5) This is valid only for the same frequency of REF_IN clock and Y output clock. It can be adjusted by the SPI controller (reference delay M
and VCXO delay N).

(6) The tg o) Specification is only valid for equal loading of all outputs.

(7) Operating the LVCMOS or LVPECL output above the maximum frequency will not cause a malfunction to the device, but the output
signal swing may no longer meet the output specification.

(8) The tgy(o) Specification is only valid for equal loading of all outputs.

(9) The phase of LVCMOS is lagging in reference to the phase of LVPECL.

(10) Lock output has an 80-kQ pulldown resistor.

(11) Defined by SPI settings.
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DEVICE CHARACTERISTICS (continued)
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP® MAX | UNIT
Temperature = 25°C, 0.5V < Vcp < 10 10
Vec cp—05V
lcpast Charge pump 3-state current = nA
Temperature = -55°C to 125°C, 0.5V < 50 50
Vep <Vec cp— 05V
Vep = 0.5 Ve cp, internal reference 500 o o
resistor, SPI default settings 20% 10% 20%
Icpa ICP absolute accuracy Vep = 0.5 Ve _cp, external reference
resistor 12 kQ (1%) at I_REF_CP, SPI 5%
default settings
. . 0.5V < Vgp < Ve cp— 0.5V, SPI e o 0
lcpm Sink/source current matching default settings 7% 2.5% 7%
lvepm ICP vs VCP matching 0.5V <Vep <Vec cp—- 05V -10% 5% 10%
100.00 +
1. See data sheet for absolute maximum and minimum recommended operating _]
conditions. —
\ 2. Silicon operating life design goal is 10 years at 105°C junction temperture _
(does not include package interconnect life).
3
8
=
(ol
5 10.00
B AN
£
8
1.00 T T T T T T T |
80 90 100 110 120 130 140 150 160
Continuous T, (°C)
Figure 1. CDCM7005HFG-V - 52/HFG Package
Operating Life Derating Chart
TYPICAL CHARACTERISTICS
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Figure 10. LVPECL Differential Output Voltage and Rise/Fall Time

10 Submit Documentation Feedback Copyright © 2009-2010, Texas Instruments Incorporated

Product Folder Link(s) :CDCM7005-SP


http://www.dzsc.com/ic/sell_search.html?keyword=CDCM7005-SP

i} TEXAS
INSTRUMENTS

CDCM7005-SP

WVI:W;LHCQCnp“ A7NNC COY 1 1 [ SGLS390C —JULY 2009—-REVISED APRIL 2010

L IVITUUJU JI I J

PARAMETER MEASUREMENT INFORMATION (continued)

LVPECL
VCXO_IN
INCXO_IN >< >< ><

tpd(LH) /tpd(HL); tsk(p) = | tpd(HL) — tpd(LH) |

YXA

LVPECL ><
YxB

5l
YXA |

LVPECL i><
YxB

| <— {sk(o)LVPECL
YXA I
LVPECL ><
YxB

YXA

LVCMOS

|
|
|
|
—

LVCMOS
VCXO_IN >< >< ><
/VCXO_IN
—» |<— tpd(LH); ts(p) = | tpd(HL) - tpd(LH) |
YXA/B |

LVCMOS

YXA/B

—>I |‘— tsk(o)LVCMOS
N
|

LVCMOS

A.  Output skew, tgy(), is calculated as the greater of:
The difference between the fastest and the slowest t,g(LH)n (n = 0...4)
The difference between the fastest and the slowest t,q(HL)n (n = 0...4)

B. Pluse skew, tsp), is calculated as the magnitude of the absolute time difference between the high-to-low (t,q(HL)) and
the low-to-high (t,q(LH)) propagation delays when a single switching input causes one or more outputs to switch,
tskgp) = Itpa(HL) — tpa(LH) |. Pulse skew is sometimes refered to as pulse width distortion or duty cycle skew.

Figure 11. Output Skew
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PARAMETER MEASUREMENT INFORMATION (continued)

- V|H
—f 50% Vg /
REF_IN e N/ v,

|
4>| |<7 tono LvPECL

YxB | VA
LVPECL D( X ><
YxA 6 — Vg,
|<—>|* tono LvemMos

— Vo
LVCMOS
| AR Vou

T0060-01

Figure 12. Phase Offset

CDCM7005

1kQ

LVCMOS

1KQ 10pF

Y4

$0079-01

Figure 13. LVCMOS Output Loading During Device Test
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PARAMETER MEASUREMENT INFORMATION (continued)

VCC

Z, =500

CDCM7005
Driver

LVPECL
Receiver

50Q

VT =V -2V
$0078-01

Figure 14. LVPECL Output Loading During Device Test

SPI CONTROL INTERFACE

The serial interface of the CDCM7005 is a simple SPI-compatible interface for writing to the registers of the
device and consists of three control lines: CTRL_CLK, CTRL_DATA, and CTRL_LE. There are four 32 bit wide
registers, which can be addressed by the two LSBs of a transferred word (bit 0 and bit 1). Every transmitted word
must have 32 bits, starting with MSB first. Each word can be written separately. Bit 7, 8, 10, and Bit 12 to 31 of
Word 3 are reserved for factory test purposes and must be filled with zeros. The transfer is initiated with the
falling edge of CTRL_LE; as long as CTRL_LE is high, no data can be transferred. During CTRL_LE, low data
can be written. The data has to be applied at CTRL_DATA and has to be stable before the rising edge of
CTRL_CLK. The transmission is finished by a rising edge of CTRL_LE. With the rising edge of CTRL_LE, the
new word is asynchronously transferred to the internal register (e.g., N, M, P, ...). Each word has to be
separately transmitted by this procedure. Unused or floating inputs must be tied to proper logic level. It is
recommended to use a 20-kQ or larger pullup resistor to VCC.
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| |
L HHWL

|
|
|
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CTRL_DATA Bit31 (MSB) Bit30 )C Bit2 Bit1 X | Bito
I i
| N
| L
|
| | |
| |
CTRL_LE |
I (( I
)] I
|| ||
|
4’: rﬁ tsus 4" I‘i tsu
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Figure 15. Timing Diagram SPI Control Interface

The SPI serial protocol accepts word Write operation only. There is neither a read, acknowledge, nor a
handshake operation.

The following four words include the register settings of the programmable functions of the CDCM7005. It can be
modified to the customer application by changing one or more bits. It comes up with a default register setting
after power up or if the power down (PD) control signal is applied. The default setting is shown in column five of
the following words.

It is recommended to program Word 0, Word 1, Word 2 and Word 3 right after power up and PD becomes HIGH.
A low active function is shown as [0] and a high active function is shown as [1].
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PARAMETER MEASUREMENT INFORMATION (continued)

Word 0
BIT | BIT NAME DESCRIPTION/FUNCTION COVER O° | PINS AFFECTED
0 (60] Register Selection 0
1 C1 Register Selection 0
2 MO Reference Divider M Reference Divider M Bit O 1
3 M1 Reference Divider M Bit 1 1
4 M2 Reference Divider M Bit 2 1
5 M3 Reference Divider M Bit 3 1
6 M4 Reference Divider M Bit 4 1
7 M5 Reference Divider M Bit 5 1
8 M6 Reference Divider M Bit 6 1
9 M7 Reference Divider M Bit 7 0
10 M8 Reference Divider M Bit 8 0
11 M9 Reference Divider M Bit 9 0
12 NO VC(X)O Divider N® VCXO Divider N Bit 0 1
13 N1 VCXO Divider N Bit 1 1
14 N2 VCXO Divider N Bit 2 1
15 N3 VCXO Divider N Bit 3 1
16 N4 VCXO Divider N Bit 4 1
17 N5 VCXO Divider N Bit 5 1
18 N6 VCXO Divider N Bit 6 1
19 N7 VCXO Divider N Bit 7 0
20 N8 VCXO Divider N Bit 8 0
21 N9 VCXO Divider N Bit 9 0
22 N10 VCXO Divider N Bit 10 0
23 N11 VCXO Divider N Bit 11 0
24 DLYMO Progr. Delay M Reference Phase Delay M Bit 0 0
25 DLYM1 Reference Phase Delay M Bit 1 0
26 DLYM2 Reference Phase Delay M Bit 2 0
27 DLYNO Progr. Delay N Feedback Phase Delay N Bit 0 0
28 DLYN1 Feedback Phase Delay N Bit 1 0
29 DLYN2 Feedback Phase Delay N Bit 2 0
30 MANAUT Manual or Auto Ref. Manual Reference Clock Selection [0] 0 14, 15
Automatic Reference Clock Selection [1]
31 REFDEC Freq. Detect Sf?)f[eir]e(ggze Frequency Detection on [0], 0 50

(1) The frequency applied to the Divider N must be smaller than 250 MHz. A sufficient P Divider must be selected with the FB_MUX to

maintain this criteria.

(2) |If setto low, STATUS_REF will be in normal operation. If set to high, STATUS_REF will be high, even if no valid clock is
detected (<2 MHz). This is useful for reference inputs frequencies less than 2 MHz where the frequency detection circuitry normally

resets the STATUS_REF signal to low.
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Word 1
POWER UP
BIT BIT NAME DESCRIPTION/FUNCTION CONDITION PINS AFFECTED
(o0] Register Selection 1
C1 Register Selection 0
OUTSELO Output (Yx) Signaling | For Output YOA, YOB: 1 24,25
Selection LVPECL = enabled [1]; LVCMOS = enabled [0];
3 OUTSEL1 For Outputs Y1A, Y1B: 1 29, 30
LVPECL = enabled [1]; LVCMOS = enabled [0];
4 OUTSEL2 For Outputs Y2A, Y2B: 1 33,34
LVPECL = enabled [1]; LVCMOS = enabled [0];
5 OUTSEL3 For Outputs Y3A, Y3B: 1 37,38
LVPECL = enabled [1]; LVCMOS = enabled [0];
6 OUTSEL4 For Outputs Y4A, Y4B: 1 42,43
LVPECL = enabled [1]; LVCMOS = enabled [0];
OUTO0AO Output YO Mode Output YOA Mode Bit 0 0 24
OUTO0Al Output YOA Mode Bit 1 0 24
OUTOBO Output YOB Mode Bit 0 0 25
10 OuTOoB1 Output YOB Mode Bit 1 0 25
11 OUT1A0 Output Y1 Mode Output Y1A Mode Bit 0 0 29
12 OUT1A1 Output Y1A Mode Bit 1 0 29
13 OUT1BO Output Y1B Mode Bit 0 0 30
14 OuUT1B1 Output Y1B Mode Bit 1 0 30
15 OUT2A0 Output Y2 Mode Output Y2A Mode Bit 0 0 33
16 OUT2A1 Output Y2A Mode Bit 1 0 33
17 OUT2B0O Output Y2B Mode Bit 0 0 34
18 OuUT2B1 Output Y2B Mode Bit 1 0 34
19 OUT3A0 Output Y3 Mode Output Y3A Mode Bit 0 0 37
20 OUT3A1 Output Y3A Mode Bit 1 0 37
21 OUT3BO Output Y3B Mode Bit 0 0 38
22 OuUT3B1 Output Y3B Mode Bit 1 0 38
23 OUT4A0 Output Y4 Mode Output Y4A Mode Bit 0 0 42
24 OUT4A1 Output Y4A Mode Bit 1 0 42
25 OUT4B0 Output Y4B Mode Bit 0 0 43
26 OUT4B1 Output Y4B Mode Bit 1 0 43
27 SREF Status Ref. Displays the status of the reference clock at the 0 50
STATUS_REF output [0]
Displays the selected clock (high for PRI_REF
and low for SEC_REF clock) at the
STATUS_REF
output [1]
28 SXOIREF Status VCXO or Selects STATUS_VCXO [0] 0 49, 52
I_REF_CP Selects |_REF_CP [1] which enable external
reference resistor used for charge pump
current and analog PLL lock detect output
current.
29 ADLOCK Analog or Digital Lock | Selects Digital PLL_LOCK [0] 0 52
Selects Analog PLL_LOCK [1]
30 90DIV4 90 degree shift div-4 | 90 degree output phase shift in div-4 mode 0 Yx

on [1]; off [0]D)

(1) The P 16-Div has to be selected to obtain the 90 degree phase shift. If bit 30 or bit 31 is set, the Div-by-16 mode is no longer available.
The outputs are switched in pairs. Only one bit can be set at a time. If both bits set to [1] at the same time, no 90 degree phase shift

mode is selected (equal to off-mode setting).
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BIT BIT NAME DESCRIPTION/FUNCTION ggn’;?lgﬁ PINS AFFECTED
31 90DIV8 90 degree shift div-8 | 90 degree output phase shift in div-8 mode 0 YX
on [1]; off [0]®
Word 2
BIT Nill\ll—E DESCRIPTION/FUNCTION gg\l{j\g?lgﬁ AFI:PIIENC§FED
0 co Register Selection 0
C1 Register Selection 1
2 CP_DIR CP Direction Determines in which direction CP current regulates (Reference 0 8
Clock leads to Feedback Clock — see Figure 24)
— positive CP output current [0];
— negative CP output current [1];
3 PRECP Preset charge pump output voltage to VCC_CP/2, on [1], off [0] 0 8
4 CPO CP Current CP Current Setting Bit 0 0 8
5 CP1 CP Current Setting Bit 1 1 8
6 CP2 CP Current Setting Bit 2 0 8
7 CP3 CP Current Setting Bit 3 1 8
8 PFDO PFD Pulse PFD Pulse Width PFD Bit 0 0 8
9 PFD1 Width PFD Pulse Width PFD Bit 1 0 8
10 FBMUXO | FB_MUX Feedback MUX Select Bit 0 1
11 FBMUX1 Feedback MUX Select Bit 1 0
12 FBMUX2 Feedback MUX Select Bit 2 1
13 YOMUXO | YO_MUX Output YOx Select Bit 0 1 24,25
14 YOMUX1 Output YOx Select Bit 1 0 24,25
15 YOMUX2 Output YOx Select Bit 2 1 24,25
16 Y1IMUXO |Y1_MUX Output Y1x Select Bit 0 1 29, 30
17 Y1MUX1 Output Y1x Select Bit 1 0 29,30
18 Y1MUX2 Output Y1x Select Bit 2 1 29,20
19 Y2MUX0 | Y2_MUX Output Y2x Select Bit 0 1 33,34
20 Y2MUX1 Output Y2x Select Bit 1 0 33,34
21 Y2MUX2 Output Y2x Select Bit 2 1 33,34
22 Y3MUX0 | Y3_MUX Output Y3x Select Bit 0 1 37,38
23 Y3MUX1 Output Y3x Select Bit 1 0 37,38
24 Y3MUX2 Output Y3x Select Bit 2 1 37,38
25 Y4AMUXO | Y4_MUX Output Y4x Select Bit 0 1 42,43
26 Y4MUX1 Output Y4x Select Bit 1 0 42,43
27 Y4MUX2 Output Y4x Select Bit 2 1 42,43
28 PD Power Down mode on [0], off [1] 1 Yx
29 RESHOL RESET or HOLD Pin definition: RESET [0] or HOLD [1] 0 40
30 RESET Resets all dividers [0] - (equal to RESET pin function) 1
31 HOLD 3-state charge pump [0] - (equal to HOLD pin function) 1 8
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Word 3
BIT NaME DESCRIPTION/FUNCTION ConEROR | At D
0 Register selection 1
1 Register selection 1
2 LOCKW 0 Lock Window Lock-detect window Bit O 1 52
3 LOCKW 1 Lock-detect window Bit 1 0 52
4 LOCKCO Lock Cycles Number of coherent lock events Bit 0 0 52
5 LOCKC1 Number of coherent lock events Bit 1 1 52
6 CSLIP Cycle Slip Cycle slip mode only for out-of-lock detection on [1] or 0 52
off [0]®
7 RES RESERVED 0 RES
RES RESERVED 0 RES
HOLDF HOLD Function Enables the frequency hold-over function on [1], off [0] 0
10 RESERVED 0 RES
11 HOLDTR HOLD Trigger HOLD function always activated [1];® 0
Condition Triggered by analog PLL lock detect outputs [0] (if
analog PLL Lock signal is set then HOLD is activated; if
analog PLL lock signal is reset then HOLD is
de-activated).
12 RES RESERVED 0 RES
13 RES RESERVED 0 RES
14 RES RESERVED 0 RES
15 RES RESERVED 0 RES
16 GTME General Test Mode Enable. Test Mode is only enabled if 0
this bit is set to 1.
17 RES RESERVED 0 RES
18 RES RESERVED 0 RES
19 RES RESERVED 0 RES
20 RES RESERVED 0 RES
21 RES RESERVED 0 RES
22 RES RESERVED 0 RES
23 RES RESERVED 0 RES
24 RES RESERVED 0 RES
25 RES RESERVED 0 RES
26 RES RESERVED 0 RES
27 RES RESERVED 0 RES
28 PFDFC PFD Frequency Control. Data provided to the PFD are 0 49
feed through to the corresponding STATUS pins.®
29 RES RESERVED 0 RES
30 RES RESERVED 0 RES
31 RES RESERVED RES
(1) If Cycle Slip mode only for out-of-lock detection is on, the selected lock detect window is valid for lock detect. Independent from this, out

of lock is detected if a cycle slip occurs.

(2) HOLD function always activated is recommended for test purposes only.
(3) The maximum frequency for the STATUS_VCXO pin is 100 MHz.

18

Submit Documentation Feedback

Copyright © 2009-2010, Texas Instruments Incorporated

Product Folder Link(s) :CDCM7005-SP



http://www.dzsc.com/ic/sell_search.html?keyword=CDCM7005-SP

13 TEXAS

INSTRUMENTS
CDCM7005-SP
WWWARCOMR N AN g7nAE onnr] 1 SGLS390C —JULY 2009—-REVISED APRIL 2010
| Ny - LU IVITUVY  JI | Ny Ny -

FUNCTIONAL DESCRIPTION OF THE LOGIC

Reference Divider M (Word 0)®

M9 M8 M7 M6 M5 M4 M3 M2 M1 MO Div by Default
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 2
0 0 0 0 0 0 0 0 1 0 3
0 0 0 0 0 0 0 0 1 1 4
0 0 0 1 1 1 1 1 1 1 128 Yes
1 1 1 1022
1 1 1 1023
1 1 1 1024

(4) If the divider value is Q, then the code will be the binary value of (Q-1).
VC(X)O Feedback Divider N (Word 0)® @
N11 N10 NO N8 N7 N6 N5 N4 N3 N2 N1 NO Div by Default

0 0 0 0 0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 0 0 0 0 1 2

0 0 0 0 0 0 0 0 0 0 1 0 3

0 0 0 0 0 0 0 0 0 0 1 1 4

0 0 0 0 0 1 1 1 1 1 1 1 128 Yes

1 1 1 0 1 4094
1 1 1 4095
1 1 1 1 1 1 1 1 1 4096

(1) If the divider value is Q, then the code will be the binary value of (Q-1).
(2) The frequency applied to the Divider N must be smaller than 250 MHz. A sulfficient P Divider must be selected with the FB_MUX to
maintain this criteria.
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Output Mode Selection for LVCMOS and LVPECL Outputs: YOA, YOB, Y1A ...Y4B (Word 1)®
OUTSELX OouUTxB1 OuUTxBO LVCMOS OUTxA1 OUTXAO LVCMOS Default
[YxB] [YxA]
LVCMOS 0 0 0 Active 0 0 Active
0 0 1 3-state 0 1 3-state
0 1 0 Inverting 1 0 Inverting
0 1 1 Low 1 1 Low
OUTSELX OouUTxB1 OuUTxBO OUTxA1 OUTXAO LVCMOS Default
[YxA]
LVPECL 1 X X X 0 Active Yx
1 X X X 1 3-state

(1) If the differential LVPECL output e.g. YOA:YOB is selected (bit 2 of word 1), then only bit 7 of word 1 defines the output mode for
YOA:YOB. The settings of bit 8, bit 9, and bit 10 of word 1 are therefore not relevant to the YOA:YOB. This applies for the other LVPECL
outputs as well.

Reference Delay M (PRI_REF or SEC_REF) and Feedback Delay N (VCXO) Phase Adjustment (Word 0)®

DLYM2 / DLYN2 DLYM1/DLYN1 DLYMO / DLYNO Phase Offset Default
0 0 0 0 ps Yes
0 0 1 +160 ps
0 1 0 +320 ps
0 1 1 +480 ps
1 0 0 +830 ps
1 0 1 +1130 ps
1 1 0 +1450 ps
1 1 1 +1750 ps

(1) If Progr. Delay M is set, all Yx outputs are lagging to the reference clock according to the value set. If Progr. If Delay N is set; all Yx
outputs are leading to the reference clock according to the value set. Above are typical values at Vqc = 3.3 V, Temp = 25°C,
PECL-output relate to Div4 mode.

PFD Pulse Width Delay (Word 2)

PFD1® PFDO® PFD Pulse Width® @ Default®
0 0 1.5ns Yes
0 1 3ns
1 0 4.5ns
1 1 6 ns

(1) The PFD pulse width delay gets around the dead zone of the PFD transfer function and reduces phase noise and reference spurs.
(2) Typical values at V = 3.3 V¢, Temp = 25°C .

Lock-Detect Window (Word 3)

LOCKW1 LOCKWO Phase-Offset at PFD Input® Default
0 0 3.5ns
0 1 8.5ns Yes
1 0 18.5 ns
1 1 Cycle slip®

(1) Typical Values at Vcc = 3.3V, Temp = 25°C.
(2) Cycle slip occurs when the phase shift at the PFD is greater than one period of the frequency. It is a complete (integer number) cycle
jump, i.e., cause by a loss-of-lock of the PLL.
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Number of Successive Lock Events Inside the Lock Detect Window (Word 3)

LOCKC1®W Lockco®W No. of Successive Lock Events® Default®
0 0 1
0 1 16
1 0 64 Yes
1 1 256
(1) This does not apply to Out-of-Lock condition.
Charge Pump Current (Word 2)
CP3 CP2 CP1 CPO Typical Charge Pump Current Default
0 0 0 0 0 pA (3-state)
0 0 0 1 200 pA
0 0 1 0 400 pA
0 0 1 1 600 pA
0 1 0 0 800 pA
0 1 0 1 1 mA
0 1 1 0 1.2 mA
0 1 1 1 1.4 mA
1 0 0 0 1.6 mA
1 0 0 1 1.8 mA
1 0 1 0 2.0 mA Yes
1 0 1 1 2.2mA
1 1 0 0 2.4 mA
1 1 0 1 2.6 mA
1 1 1 0 2.8 mA
1 1 1 1 3 mA
FB_MUX Selection (Word 2)
FBMUX2 FBMUX1 FBMUXO Selected VC(X)O Signal for the Default
Phase Discriminator
0 0 0 Div by 1
0 0 1 Div by 2
0 1 0 Div by 3
0 1 1 Div by 4
1 0 0 Div by 6
1 0 1 Div by 8 Yes
1 1 0 Div by 16
1 1 1 Div by 8

(1) This divider setting depends on the selected P-divider mode for the “Div-by-16" divider. In the default mode (after power up), Div-by-16

is selected. But if bit 30 or bit 31 of word 1 is set to [1], then the Div-by-4 and 90 degree phase shift or Div-by-8 and 90 degree phase

shift is selected.

Yx_MUX — Output Divider Selection for YO, Y1, Y2, Y3, Y4 (Word 2)

YxMUX2 YxMUX1 YxMUXO0 Selected Divided V(C)XO Signal for the Default
Yx Outputs
0 0 0 Div by 1
0 0 1 Div by 2
0 1 0 Div by 3
0 1 1 Div by 4
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YxMUX2 YxMUX1 YxMUXO0 Selected Divided V(C)XO Signal for the Default
Yx Outputs
1 0 0 Div by 6
1 0 1 Div by 8 all Yx
1 1 0 Div by 16(®
1 1 1 Div by 8

(1) This divider setting depends on the selected P-divider mode for the “Div-by-16" divider. In the default mode (after power up), Div-by-16
is selected. But if bit 30 or bit 31 of word 1 is set to [1], then the Div-by-4 and 90 degree phase shift or Div-by-8 and 90 degree phase
shift is selected.

FEATURE DESCRIPTION

Automatic/Manual Reference Clock Switching

The CDCM7005 supports two reference clock inputs, the primary clock input, PRI_REF, and the secondary clock
input, SEC_REF. The clocks can be selected manually or automatically. The respective mode is selected by the
dedicated SPI register bit (Word 0, Bit 30).
In the manual mode, the external REF_SEL signal selects one of the two input clocks:

REF_SEL [1] -> primary clock is selected

REF_SEL [0] -> secondary clock is selected
In the automatic mode, the primary clock is selected by default even if both clocks are available. In case the

primary clock is not available or fails, then the input switches to the secondary clock as long until the primary
clock is back. Figure 16 shows the automatic clock selection.

PRI_REF

SEC_REF

Internal
Reference Clock

PRI_SEC_CLK “l I/I Primary Clock
1 1

| | |

STATUS_REF N/M | | |
| | |

| | : | ' '

Secondary Clock Primary Clock
| |

T0062-01

NOTE: PRI_REF is the preferred clock input.
Figure 16. Behavior of STATUS_REF and PRI_SEC_CLK

In the automatic mode, the frequencies of both clock signals have to be similar, but may differ by up to 20%. The
phase of the clock signal can be any.

The clock input circuitry is design to suppress glitches during switching between the primary and secondary clock
in the manual and automatic mode. This avoids an undefined switching of the following circuitries.

The phase of the output clock slowly follows the new input phase. There will be no phase jump at the output.
How quick the phase adjustment is done depends on the selected loop parameter, i.e., at a loop bandwidth of
<100 Hz; the phase adjustment can take several ms. There is no phase build-out function supported (like in
SONET/SDH applications).
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PRI_SEC_CLK

Yx Output

T0063-01

Figure 17. Phase Approach of Output to New Reference Clock

PLL Lock for Analog and Digital Detect

The CDCM7005 supports two PLL lock indications: the digital lock signal or the analog lock signal. Both signals
indicate logic high-level at PLL_LOCK if the PLL locks according the selected lock condition.

PLL Lock/Out-of-Lock Definition

The PLL is locked (set high), if the rising edge of the Reference Clock (PRI_REF or SEC_REF clock) and
Feedback Clock (VCXO_IN clock) at the PFD (phase frequency detect) are inside a predefined lock detect
window, or if no cycle-slip appears, for a pre-defined number of successive clock cycles.

The PLL is out-of-lock (set low), if the rising edge of the Reference Clock (PRI_REF or SEC_REF clock) and
Feedback Clock (VCXO_IN clock) at the PFD are outside the predefined lock detect window or if a cycle-slip
appears.

Both, the lock detect window and the number of successive clock cycles are user definable (Word 3, Bit 2-6).

| |

Selected REF at PFD I I
(clock fed through M Divider and M Delay) I I
| I

VCXO_IN at PFD | | | |
(clock fed through N Divider and N Delay) | | | |

T0064-01

Figure 18. Lock Detect Window

The lock detect window describes the maximum allowed time difference for lock detect between the rising edge
of PRI_REF or SEC_REF and VCXO_IN. The time difference is detected at the phase frequency detector. The
rising edge of PRI_REF or SEC_REF is taken as reference. The rising edge of VCXO_IN is outside the lock
detect window if there is a phase displacement of more than +0.5 X tyckdetect) OF 0.5 X tjockdetect)-
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Digital vs Analog Lock

Figure 19 and Figure 20 show the circuit for the digital and analog lock. The analog lock operates with an
external load capacitor.

When selecting the digital PLL lock option, PLL_LOCK will possibly jitter several times between lock and out of
lock until a stable lock is detected. A single low-to-high step can be reached with a wide lock detect window and
high number of successive clock cycles. PLL_LOCK returns to out of lock if just one cycle is outside the lock
detect window or a cycle slip occurs.

Vout Digital Lock Detection

Power_Down — PLL_LOCK

O Output Lock — — —

|
|
|
|
Lock_Out l i
80kQ
ISpF | Out-of-Lock
|
|
|
|

CDCM7005

$0080-01

Figure 19. Digital Lock-Detect

When selecting the analog PLL Lock option, the high-pulses load the external capacitor via the internal 110-pA
current source until logic high-level is reached. Therefore, more time is needed to detect logic high level, but
jittering of PLL_LOCK will be suppressed in case of digital lock. The time PLL_LOCK needs to return to out of
lock depends on the level of Vg, Wwhen the current source starts to unload the external capacitor.

_____________ -
VCC |
(Lock) | Out
| x
PLL_LOCK §
Power_Down —| | Output
© Lock_Out — | S
o o
< 80kQ | c z
3 3 Voy = 1/C x I x t
S 100pA 5pF | 5
O (Out-of-Lock) | e}
| t
Example:
| for I = 110pA, C = 10nF, V., = 3.3V,
Lock_In | and Vg, = Vg, = 0.55 x Vee = 1.8V
| > t=164ps
S0081-01
Figure 20. Analog Lock-Detect
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Differential LVPECL Outputs and Single-Ended LVYCMOS Outputs

The CDCM7005 supports up to 5 x LVPECL outputs or 10 x LVCMOS/LVTTL outputs or any combination of
these. The single ended LVCMOS outputs are arranged in pairs which mean both outputs of a LVCMOS pair
have the same frequency but can separately be disabled or inverted. The power up output arrangement is five
LVPECL (default setting).

The LVPECL outputs are designed to terminate in to a 50-Q load to V¢ — 2 V. The LVCMOS outputs supports
the standard LVCMOS load (see Figure 13). The LVPECL and LVCMOS outputs can be enabled (normal
operation) or disabled (3-state).

In addition, the output phase can be shifted by 90 degrees when using the additional div-by-4 or div-by-8 mode
of the P16-Div (see Figure 21). In the default mode (after power up), the div-by-16 mode of the P16-Div is active.
To change it to a 90 degree phase shift, bit 30 or bit 31 of word 1 has to be programmed accordingly. The P
16-Div has to be selected via the dedicated YXMUX to obtain the 90 degree phase shift. The outputs are
switched in pairs. When selecting the 90 degree phase shift mode, the div-by-16 functions will no longer be
available. The 90 degree phase shifted signal is lagging to the non-shifted signal.

+16 |-

VCXO_IN O
VCXO_IN O—¢ i

,+4:

+8

P16-Div
P Divider

B0058-01

Figure 21. 90 Degree Phase Shift Option of P-Divider

The following diagram shows the LVCMOS and LVPECL output signal when 90 degree phase shift is on.
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Reference Clock

VCXO Clock

Y-Output div4

Y-Output div4
(90 deg shift)

Y-Output div8

Y-Output div8
(90 deg shift)

LVCMOS Outputs

90 deg

C

LVPECL Outputs

) — | —
-

T0065-01

Figure 22. Output Switching Diagram

In addition, the LVCMOS supports disabled-to-low and 180° output phase shift for each output individually. When
selecting the 180° phase shift together with the 90° phase shift, the respective outputs has a total phase shift of
270° (see Table 3).

Table 3. LVCMOS Phase Shift Options

Phase P-Divider 180°Phase-Shift P16-Div - Function
0° Any P-Divider No div-by-16

90° P16-Div No div-by-4 or div-by-8
180° Any P-Divider Yes div-by-16

270° P16-Div Yes div-by-4 or div-by-8

If the P16-Div is selected by the FB_MUX and div-by-4 or div-by-8 is active, the 90° phase shifted clock will be
synchronized to PRI_REF or SEC_REF. This means all outputs Yxx, which are switched to div-by-4 or div-by-8,
are in phase to PRI_REF or SEC_REF. All other outputs are 90° phase shifted with leading phase.

Frequency Hold-Over Mode

The HOLD function is a useful feature which helps the designer to improve the system reliability. The HOLD
function holds the output frequency in case the input reference clock fails or is disrupted. During HOLD, the
charge pump is switched off (3-state) freezing the last valid output frequency. The hold function will be released
after a valid reference clock is back. For proper HOLD function, the analog PLL lock detect mode has to be
active.

The following register settings are involved with the HOLD function:

* Lock Detect Window (Word 3, Bit 2, 3, 6): Defines the window in ns inside the lock is valid. The size is
3.5 ns, 8.5 ns, 18.5 ns, or a complete cycle-slip. Lock is set if reference clock and the feedback clock are
inside this predefined lock-detect window for a pre-selected number of successive cycles or if a cycle-slip no
longer occurs.

» Out-of-Lock: Defines the out-of-lock condition: If the reference clock and the feedback clock at the PFD are
outside the predefined Lock Detect Window or if a cycle-slip occurs.

» Cycle-Slip (Word 3, Bit 6): Cycle-slip occurs when the phase shift at the PFD is greater than one period of the
frequency. It is a complete (integer number) cycle jump, i.e. caused by an out-of-lock of the PLL. Cycle-slip is
equivalent to the PLL pull-in time.

* Number of Clock Cycles (Word 3, Bit 4, 5): Defines the number of successive PFD cycles which have to
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occur inside the lock window to set Lock detect. This applies not for out-of-lock condition.

e Hold-Function (Word 3, Bit 9): Selects HOLD function (see more details below).

» Hold-Trigger (Word 3, Bit 11): Defines whether the HOLD function is always activated (Bit 11 = [1]) or whether
it is dependent on the state of the analog PLL lock detect output (Bit 11 = [0]). In the latter case, HOLD is
activated, if lock is set (high) and de-activated if Lock is reset (low).

* Analog PLL Lock Detect (Word 1, Bit 29): Analog lock output charges or discharges an external capacitor with
every valid lock cycle. The time constant for Lock detect can be set by the value of the capacitor.

The CDCM7005 supports two types of HOLD functions, one external controllable HOLD mode and one internal
mode, HOLD.

With the external HOLD function the charge pump can directly be switched into 3-state (pin 40 can be
programmed for HOLD [Word 2, Bit 29]). This function is also available via SPI register (Word 2, Bit 31).

If logic low is applied to the HOLD pin, the charge pump will be switched to 3-state. After the HOLD pin is
released, the charge pump is switched back in to normal operation with the next valid reference clock cycle at
PRI_REF or SEC_REF and the next valid feedback clock cycle at the PFD. During HOLD, the P divider and all
outputs Yx are at normal operation.

HOLD-Over-Function: The PLL has to be in lock to start the HOLD function. It switches the charge pump in to
3-State when an out-of-lock event occurs. It leaves the 3-state charge pump state when the reference clock is
back. Then it starts a locking sequence of 64 cycles before it goes back to the beginning of the HOLD-over loop.
The dedicated looking sequence and a digital phase alignment enable a fast lock.
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‘ Start ’ Frequency Hold-Over Function works in
combination with the Analog Lock-Detect

function only!

A A

-4

PLL is out-of-lock if the phase
difference of Reference Clock and
Feedback Clock at PFD are outside the
predefined Lock-Detect-Window or if a
Cycle-Slip occurs.

PLL
Out-of-Lock?

PLL has to be in LOCK to start
HOLD-Function.

(The Analog Lock output is not reset by the first Out-of-
Lock event. It stays ‘High’ depending on the analog time
delay (output C-load). The time delay must be long enough
to assure proper HOLD function)

PLL-Lock
Output
Set?

(The ‘PLL-Lock Output Set?’ enquiry can be bypassed by
setting the HOLDTR bit to [1] (Word 3, Bit 11)

3-State Ch -P
ate Lharge-rump Charge-Pump is switched into 3-State.

P-divider and Yx output are at normal operation.

The Charge-Pump remains in 3-State
until the Reference Clock is back. The 1st
valid Reference Clock at the PFD releases

the Charge-Pump.

Reference Clock
Back?

64 PFD
Lock-Cycles The PLL acquire 64 lock cycles to phase
align to the input clock.

F0004-01

Figure 23. Frequency HOLD-Over Function

Charge Pump Preset to VCC_CP/2

The preset charge pump to VCC_CP/2 is a useful feature to quickly set the center frequency of the VC(X)O after
powerup or reset. The adequate control voltage for the VC(X)O will be provided to the charge-pump output by an
internal voltage divider of 1 kQ/1 kQ to VCC_CP and GND (VCC_CP/2).

This feature helps to get the initial frequency accuracy, i.e. required at common public radio interface (CPRI) or
open base station architecture initiative (OBSAI).

The preset charge pump to VCC_CP/2 can be set and reset by SPI register (word 2, bit 3). This feature must be
disabled for PLL locking.
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Charge Pump Current Direction

The direction of the charge pump (CP) current pulse can be changed by the SPI register (word 2, bit 2). It
determines in which direction the CP current regulates (reference clock leads to feedback clock). Most
applications use the positive CP output current (power-up condition) because of the use of a passive loop filter.
The negative CP current is useful when using an active loop filter concept with inverting operational amplifier.
Figure 24 shows the internal PFD signal and the corresponding CP current.

PRI_REF or SEC_REF
Clock Fed Through the
M Divider and Delay 4
VCXO_IN Clock Fed Through |
the N Divider and Delay »
)7

Verpy) (Internal Signal)

iR

()() 0 v
I I
| | PFD Pulse | | PFD Pulse
|l Width Delay |l Width Delay
|| (I
Verpy) (Internal Signal) I
| ( Vv
i )7 cc
|| (I
| | (I
(I
CP_DIR (Bit 2 of Word 2 = 0, »
Default State) 1 )]
||
||
|| —
. ||
CP_DIR (Bit 2 of Word 2 = 1) | | %
T0076-01
NOTE: The purpose of the PFD pluse width delay is to improve spurious suppression.
Figure 24. Charge Pump Current Direction (VCXO and VCO Support)
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APPLICATION INFORMATION

Phase Noise Reference Circuit

Phase Noise Reference Circuit (See the EVM)
vexo [ Low-Pass Filter ‘
245.76MHz ‘
Gain = 21.3kHz/V R2 \
\ 160Q |
PECL_OUT B V_CTRL i o
PECL_OUT \ l c3 |
| I 100nF |
\
‘ =
\
\
\
\
‘ ‘
CDCM7005 ‘
PRI_REF 1 ‘
| .
|
| |
| R1 c2_L |
\ 4.7k 100nF I |
CP_OUT \ =
CTRL_LE | 1 |
SPI CTRL_DATA 22uF |
CTRL_CLK \ |
V V =
0c Q) oc PLL_LOCK \ | Measurement
o R STATUS_REF e —— — — — Equipment
1300 1300 STATUS_VCXO 10nF o
VCXO_IN YnA It o
— I m\/
VCXO_IN YnB I§ ST
10nF -
R R R i R R
820 820 150Q 150Q 500 500
- - S0082-01
Figure 25. Typical Applications Diagram With Passive Loop Filter
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Phase Noise Performance

REF_IN PHASE | VCXO PHASE | Yx PHASE NOISE
o NOISE NOISE AT 30.72 MHz
PARAMETER TEST CONDITIONS AT 30.72 MHz AT 245.76 MHz LvVCMOS | LVPECL UNIT
TYP@ | TYP®
phn10 Phase noise at 10 Hz -109 -75 -104 -100 dBc/Hz
phn100  Phase noise at 100 Hz -125 -97 -116 -116 dBc/Hz
. Y =30.72 MHZ, fPFD =200
phnlk Phase noise at 1 kHz KHz, Loop BW = 20 Hz, -134 -117 -140 -140 dBc/Hz
phn10k  Phase noise at 10 kHz Feedback Divider = 8 x 128 -136 -138 -153 -152 dBc/Hz
. (N X P), fREF IN = 30.72 MHz, _ _ _ _

phn100k Phase noise at 100 kHz M-Divider = 128, lp = 2 A 138 148 156 153 dBc/Hz
phnlMk Phase noise at 1 MHz -144 -148 -156 -153 dBc/Hz
phn10M Phase noise at 10 MHz -144 —-148 -156 -153 dBc/Hz
PLL Stabilization Time

Y =30.72 MHz, fpep = 200

kHz, Loop BW = 20 Hz,
tstabi PLL stabilization time® | Feedback Divider = 8 x 128 400 ms

(N X P), fREF IN = 30.72 MHz,

M-Divider = 128, Icp = 2 mA
(1) Output phase noise is dependent on the noise of the REF_IN clock and VCXO clock noise floor. The phase noise measurements were

taken with the CDCM7005 EVM and CDCM7005 SPI default settings.

@
@)

PLL_LOCK.

The typical stabilization time is based on the above application example. The stabilization criterion was a stable high level of

For further explanations, as well as phase noiseljitter test results using various VCXOs, see application note SCAA067.

=70
CDCM7005 in PLL-Closed Loop
80 |- - — Phase-Noise | CDCM7005 EVM a
CDCM7005 |—  Analyzer " pep |N: AgilentE8257C-61.44MHz
- VCXO: Toyocom TCO-2111 245.76MHz
-90 \ < I~ CDCM7005 Out is YOA: 61.44MHz ]
Loop bandwidth ~ 30Hz
-100 e /] VXCO Date: 30. Mar 2005 -
245.76MHz (581fs)
m -110 |
© |
cl\ 120 [&————— Phase Jitter (ms) - 1kHz - 10MHz ———
e - —
[ LVPECL LVCMOS
130 | 61.44MHz (282fs) C 6;ég?MHZ
S
Input-Clk ‘____.__A\\\ ( )
140 | 6144MHz (769f5) M
150 R N | W e | ol
¥ T e
_160 R R R AR B R A B IR AN IR AT
10 100 1k 10k 100k 1M 10M

f - Frequency — Hz
G009

Figure 26. Phase Noise (61.44-MHz REF_IN and 61.44-MHz Output Frequency)
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In-Band Noise Performance
Table 4.
PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
PNin-band IN-band phase noise test conditions -95 dBc/Hz
. - Y =900 MHz, fprp = 400 kHz, Loop
PNa00 Eggze_”;g?g f('?eoefd%ta‘é?(odlrvl;z(lf)pm in-band | g\ =57 kHz, Feedback Divider = 8 x 282 _162 dBc/Hz
9 (N X P), frer v = 10 MHz; M-Divider = 25,
Phase noise floor at 1 Hz fpgp, in-band lcp =3 mMA ~ _
PhiL hoise — 20log(feedback div) — 10log(ferp) @ 218 dBc/Hz

(1) The synthesizer phase noise floor can be estimated by measuring the in-band noise at the output of the CDCM7005 and subtracting
20log(Feedback Divider) N (in case of CDCM7005 it is the N+P divider). The calculated phase noise floor still based on the PFD update
frequency, in the above specification, is 400 kHz.

(2) The in-band noise can also be normalized to a comparison frequency of 1 Hz. The resulting phase noise floor is: pnfloor = PNmeasured
- 20log(N+P) - 10log(fprp)
where:
pnNfloor = normalized phase noise floor in dBc/Hz
PNmeasured = in-band phase noise measurement in dBc/Hz
20log(N+P) = divider ratio of feedback loop
10log(fpep) = PFD update frequency in Hz

APPLICATION INFORMATION ON THE CLOCK GENERATION FOR INTERPOLATING DACS
WITH THE CDCM7005

The CDCM7005, with its specified phase noise performance, is an ideal sampling clock generator for high speed
ADCs and DACs. The CDCM7005 is especially of interest for the new high speed DACs, which have integrated
interpolation filter. Such DACs achieve sampling rates up to 500 MSPS. This high data rate can typically not be
supported from the digital side driving the DAC (e.g., DUC, digital up-converter). Therefore, one approach to
interface the DUC to the DAC is the integration of an interpolation filter within the DAC to reduce the data rate at
the digital input of the DAC. In 3G systems, for example, a common sampling rate of a high speed DAC is
491.52 MSPS. With a four times interpolation of the digital data, the required input data rate results into
122.88 MSPS, which can be supported easily from the digital side. The DUC GC5016, which supports up to four
WCDMA carriers, provides a maximum output data rate of 150 MSPS. An example is shown in Figure 27, where
the CDCM7005 supplies the clock signal for the DUC/DDC and ADC/DAC.
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B0064-01

Figure 27. CDCM7005 as a Clock Generator for High Speed ADCs and DACs

The generation of the two required clock signals (data input clock, clock for DAC) for such an interpolating DAC
can be done in different ways. The recommended way is to use the CDCM7005, which generates the fast
sampling clock for the DAC from the data input clock signal. The DAC5687 demands that the edges of the two
input clocks must be phase aligned within £500 ps for latching the data properly. This phase alignment is well
achieved with the CDCM7005, which assures a maximum skew of 70 ps of the different different outputs to each
other.

AC-Coupled Interface to ADC/DAC

Another advantage of this clock solution is that the ADC or DAC can be driven directly in an ac-coupling interface
as shown in Figure 28, with an external termination in a differential configuration. There is no need for a
transformer to generate a differential signal from a single-ended clock source.
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Figure 28. Driving DAC or ADC With PECL Output of the CDCM7005
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Changes from Revision B (December 2009) to Revision C Page

¢ Changed the VCC pin text - From: There is no internal connection between V¢ and AV To: V¢ and AV should

always have SAME SUPPIY VOITAGE .....oiii ittt ettt e e ettt e e e e ettt e e e e e aebe e e e e e aantaeeeaeeasbeeeaaeeansbeeeeeaanseneaaeaannes 4
¢ Added to the CTRL_LE - Unused or floating inputs must be tied to proper logic level. It is recommended to use a

20-kQ or larger pUllUP rESISTOr t0 VCC ....oiiiiiieiiiie et rte ettt ekt e et e st e ekt e e e st e s ne e e e as b e e e eate e e s nr e e e s e e e nanneesnnnee s 4
¢ Added to the CTRL_CLK pin - Unused or floating inputs must be tied to proper logic level. It is recommended to use

a 20-KQ or larger PUIUP rESISIOr 10 VCC .....uiiiiiiiie ettt ettt et ekt e e ea e e s b et e ek bt e e et e e s bt e e e b bt e e snneeesnnee s 4
¢ Added to the CTRL_DATA pin - Unused or floating inputs must be tied to proper logic level. It is recommended to

use a 20-kQ or larger PUllUP reSISTOr 10 VICC ......uiiiiii ittt e et e e e s et e e e e ettt e e e e e saatb et e e e s ensataaeaeeasnstaeeaeesnnnes 4
¢ Added to the PD pin text - It is recommended t0 ramP UP the... ..o eeneeas 4
e Added to the SPI CONTROL INTERFACE section - Unused or floating inputs must be tied to proper logic level. It is

recommended to use a 20-kQ or larger pullup reSIiStOr 10 VCC ...t e e et e e et eea e e e 13
¢ Added to the SPI CONTROL INTERFACE section - It is recommended to program Word 0, Word 1, Word 2 and

Word 3 right after power up and PD DeCOMES HIGH ........ooiiiiiiiii e 14
e Changed bit 16 from RES 10 GTIME .......oiiiiiiiiiiiiee ittt ettt e e ettt e e e e e st e e e e e s st b e e e e e e aasstaeeaeeesstbeteeesasbsseeeesasssaeeeeessnnnes 18
e Changed bit 28 from RES 10 PFDFC ...ttt e ettt e e e o ettt e e e e e bbbt e e e e e abbbeeeeeaanbbeeeaeeaansbeeaeasannes 18
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MECHANICAL DATA
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NOTES:
This drawing is su
Ceramic quad flat

All linear dimensions are in inches (millimeters).

bject to change without notice.
pack with flat leads brazed to non—conductive tie bar carrier.

ermetically sealed with a metal lid.

The leads are gold plated and can be solderdipped.

Leads not shown

A
B
C.
D. This package is h
E
F
G. Lid and heat sink

for clarity purposes.
are connected to GND leads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps
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