LMX2485 with Active Filter Using LM6211

Evaluation Board Operating Instructions
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&National)emiconducl(ﬂ LMX2485 EVALUATION BOARD OPERATING INSTRUCTIONS

LMX2485 Evaluation Board with LM6211 Active Filter

Operating Instructions

General Description

The LMX2485 Evaluation Board simplifies evaluation of the LMX2485 2.6 GHz/0.8 GHz PLLatinum™ dual
The board enables all performance measurements with no additional support
circuitry. The evaluation board consists of a LMX2485 device, a RF VCO module and IF VCO & RF/IF loop
filters built by discrete components. The SMA flange mount connectors are provided for external reference
input, RF and IF VCO outputs, and the power and grounding connection. A cable assembly is bundled with the
evaluation board for connecting to a PC through the parallel printer port. By means of MICROWIRE™ serial
port emulation, the CodelLoader software included can be run on a PC to facilitate the LMX2485 internal
register programming for the evaluation and measurement.

frequency synthesizer.

RF LOOP FILTER
Phase Margin 46.6 deg Pole Ratio T3 /T1 318.2 %
Loop Bandwidth 28.4 KHz Pole Ratio T4/T3 349 %
Theoretical Lock Time 168 uS Roll-Off @ 200 kHz -27.9 dB
Settings for Operation
Ko 8X (760 uA)
VCO :
270 O 1.2 KO Comparison Frequency 10 MHz
950 - 2150
| CPoRF I {>’\N\__'\I\I\__@ Output Frequency MHz
47 nF J_ OP Amp Supply 24 Volts
12 nF=— ——33 nF — 1 nF PLL Supply 3.3 Volts
470 Q VCO Supply 12 Volts
Other Information
v v v VCO Used Sirenza VCO793-1550T
67 MHz/Volt@1.0 GHz
VCO Gain 75MHz/Volt@1.5 GHz
60 MHz/Volt@2.0 GHz
VCO Input Capacitance 22 pF
IF LOOP FILTER
. ' 760 - 780 MHz MHz to 1
Phase Margin 46.4 deg Lock Time KHz tolerance in 508 uS
. Spur Gain
Loop Bandwidth 4.7 KHz @ 50 KHz 50.5 dB
Settings for Operation
Ko 3.5mA
00 oo V€O %‘?;“qpuagf&” 50 KHz
E '\I\l\ ’\N\ @ Output Frequency 760 - 780 MHz
10 nF PLL Supply 3.3 Volts

Other Information

VCO Used VARIL191-773U
VCO Gain 18 MHz/Volt
VCO Input

Capacitance 100 pF
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Phase Noise

RL

Agilent 14:48:89 Oct 18, 2006

Carrier Freq 1 GHz

Log Flot

Signal Track Off DANL Off Trig Free
[Loe.00% of 20 Aug | |

| Frequency

Carrier Freq
1.06666666 GHz

Log Plat [106.60% of 20 Avg | |

1.56866808 GHz

Carrier Power 0.74 dBm Atten 200 B Mkr 2 499.068 Hz
Ref —50.00dBc/Hz -91.75 dBc/Hz Carrier|
12.80 Search
dB/
— search Span| | Phase Noise for a 1 GHz output
16.00000600 kHz
[uto M| | Frequency
166 Hz Frequency Offset 1 MHz
Marker Trace Type X Axis Value Signal Track
1 Spot Freq 188 Hz -84.78 dBcrHz (n 0ff
2 Spot Freg 999 Hz -91.¥5 dBecrH=z —
Ed Spot Freg 1@ kHz -93.28 dBc#Hz
4 Spot Freg 188 kHz -183.89 dBecrH=z
Trackingy|
|
Agilent 14:52:43 Oct 18, 2005 RL | Freguency
| .
Carrier Freq 1.5 GHz  Signal Track Off  DANL OFF Trig Froc ||  SArrier Freq

Log Plat [106.60% of 20 Avg | |

2.06066808 GHz

Carrier Power -2.77 dBm Atten .60 JB Mkr 2 499.068 Hz
Ref —50.00dBc/Hz -35.85 dBc/Hz
12.68
dB/

166 Hz Frequency Offset 1 MHz
Marker Trace Type X Axis Value
1 Spot Freg 1@@ Hz -78.76 dBcrHz
2 Spot Freg 999 Hz -85.85 dBo#fHz
3 Spot Freg A kHz -B8.28 dBcrH=z
4 Spot Freg 188 kHz -189.64 dBoAH=z

Carrier|
Search

Search Span
16.00000600 kHz

|M Man

Signal Track
(n O]

Trackingy|

Carrier Power -0.47 dBm Atten 6.60 JB Mkr 2 999000 Hz
Ref —50.88dBc/Hz -87.71 dBc/Hz Carrier|
12.60
ey Search
search Span| | Phase Noise for a 1.5 GHz output
16.00000600 kHz
(Buto Harl | Frequency
166 Hz Frequency Offset 1 MHz
Marker Trace Type X Axis Value Signal Track
1 Spot Freg 186 Hz -81.26 dBc/Hz n 0
2 Spot Freg 999 Hz -B87.71 dBo#fHz -
3 Spot Freg A kHz -32.13 dBcrHz
4 Spot Freg 188 kHz -187 .28 dBofH=z
Trackingy|
|
Agilent 14:59:47 0ct 18, 2086 R T [ Frequency
| .
Carrier Freq 2 GHz  Gignal Track Off  DANL O Trig Froc || Carrier Freq

Phase Noise for a 2 GHz output
Frequency
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#  Agilent 15:16:55 Oct 18, 2006

Fractional Spurs
L

Marker

a Mkrl 2086.6 kHz

Select Marker

Ref © dBm Atten 18 dB o -78.516 o6 |
Samp 1R 1
Log
52/ Normal
Delta
Marker a = | Fractional spurs for a worst case
20510 B anfusi) | fraction at 1000.2 MHz output
&%EU -70.516 dB of 9 K raction a . Z outpu
frequency.
WL 52 Span Pair q y
53 FC Span Center
AL —
£
£350k Off
Swp
Center 1000 208 8 GHz Span 588 FHz 1"‘;{‘;
Res BH 4.7 kHz VEH 4.7 kHz Sweep 86.32 ms (601 pts)
|
5 Agilent 15:17:47 Oct 13, 2006 RL Marker
s Mkrl 200.8 kHZ
Ref B dBu Atten 19 dB . ~72.659 dp || Select Marker
Samp 1R =
Log
52/ Normal
Delta
Marker a = | Fractional spurs for a worst case
272609 B aafus i) | fraction at 1500.2 MHz output
%%gv -72.689 dR of g o raction a . Z outpu
= | frequency.
WL 52 Span Pair| q y
33 FC Span Center
AL —
£
£558k Off
Swp
Center 1.500 208 @ GHz Span 568 FHz 1"‘;{3
Fes BH 4.7 kHz VBH 4.7 kHz Sweep 86.32 ms (6A1 pts)
|
Agilent 15:18:29 Oct 18, 2086 RL Marker
s Mkrl 200.8 kHZ
Ref & dBm Fitten 16 dB _84.853 dp || Select Marker
Samp k4 L
Log 1R
52/ Normal
Delta
Marker a = | Fractional spurs for a worst case
200.000 kHz Delta Pair .
Lofiy (Trackna Reb) | fraction at 2000.2 MHz output
108 = | frequenc
WL 52 Span Pair| q Y-
33 FC Span Center
AL —
£
£558k Off
Snp e
Center 2.000 208 8 GHz Span 568 FHz 1"‘;{3
Fes BH 4.7 kHz VBH 4.7 kHz Sweep 86.32 ms (6A1 pts)
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In-Band Fractional Spurs

#  Agilent 15:19:14 Oct 18, 2006

RL

Marker

a Mkrl 5.80 kHz

Select Marker

Ref & dBm Atten 18 dB N -47.767 B |
Samp 1R =
Log
52/ Normal
Delta
(Marker a .
5.000 kHz it qoetabart | In - band fractional spur for a
Loy |-47.767 dB ef 4| | 1000.005 MHz output frequency.
WL s2 Span Pair,
53 FC Span Center
AL —
051
£<50k off
FFT
Center 1.000 GBS 00 GHz Span 12 Wiz 1"‘;{‘;
Ees BH 116 Hz VBH 116 Hz Sweep 195.9 ms (601 pts)
|
%t Aglent 15:19:43 Oct 18, 2006 L Marker
2 Mkl 5.0 kHZ
Ref B dBu Atten 19 dB . ~43.131 dp || Select Marker
Samp TR L
Log
52/ Normal
Delta
(Marker a i
5.000 kHz qoetabart | In-Band  fractional spur for a
v |-43.131 dB pof «| | 1500.005 MHz output frequency.
WL 52 Span Pair|
33 FC Span Center
AL —
051
£<50k off
FFT
Center 1.500 GBS 00 GHz Span 12 Wz 1"‘;{3
Fes BW 118 Hz VB 118 Hz Sweep 195.9 ms (6@1 pts)
|
Agilent 15:28:37 Oct 18, 2006 L Marker
2 Mkl 5.0 kHZ
Ref & dBm Fitten 16 dB 45,962 dp || Select Marker
Samp k4 L
Log 1R
52/ Normal
Delta
(Marker a
5.800 kHz . DeltaPair | [n-Band fractional spur for a
LaBy '_49 982 dB [+ CTracklng Ref)
o . Ref s | 2000.005 MHz output frequency.
WL 52 Span Pair|
33 FC Span Center
AL —
051
£<50k off
FFT
Center 2.000 GBS 00 GHz Span 12 Wz 1"‘;{3
Fes BW 118 Hz VB 118 Hz Sweep 195.9 ms (6@1 pts)
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Rise Time (No Cycle Slip Reduction, TOC=0)

Q@B Freq C lzn T Mark
i d — Time Markers —
S . . orr (NN
2 BSBBGE - -~ - - R hbnE CEERE SRR -k
I ; ~ T [- - -]1—
I ! 1.689n=
| |
) : .1—1; [ ----- ]—\
' | Z.6BAm=
1.5000GY L |
o *.. ' — Freq Markers —
= : orr (DN
. / |
| ; S e
| : 1. BAAACH
556 B i i —klmm—m - =B [----- 1—
-5. B8Bns A.@8s 5. A00ns | IRy
1.888n=/d iv
T -1.689m= T 2.688ns a 4.289ns ~ finalyze
[, 1.8888GY E 2.8888GY & 1. 8888GY% all Between
arkers
ref int
Q@B Freq C lzn T Mark
i d — Time Markers —
S . . orr (NN
- ﬁ{ ““““““““““““ it sl
| ' ~ T [- - -]1—
I ! 1.911n=
| |
S AN : S e
' | 3. Z88m=
1.5000GY . |
CRRTIN B ;.... | _ Freq Markers —
| . : orf (NN
| |
‘ \\ ! ~ K [- - -1—
| -l 1. 9BBBGY
D5 AN — - — — — F - = -5 -~ - - ~ E [----- 1—
-5. B8Bns A.@8s 5. A00ns | IRy
1.888n=/d iv
T -1.911ns= T 3.288n= a 5. 11ins ~ Analyze
[, 1.8888GY E 2.8888GY & 1. 8888GY% all Between
arkers
ref int
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Rise Time (With Cycle Slip Reduction, TOC=16383)

Freq C 1
G%a sisgped =n — Time Markers —
: . : orf DI
P BGBAGH - - < - -~~~ - - == o - |";")ﬂl-
i ../; .i_rl;. [___]_\'\.
| E |
!ii/i L[]
1.50066% L
|] s Marrare —
T - TS On
[
[
S56- B ff—:-'—:—————————————,—r; [----- 1—
-5. AAAns 8. 00 5. AAANs
1.888nmsAd iv

T —444ps T 444ps o 88%ps ~ Analyze_————
F, 1.0088GY £ 2.00886Y o 1.0088GY
fll
arkers
ref int
ﬁ@g Freq C l=n Ti Mark
t 4 i 1me arkers -
ph . ort (N
2--BEREGY- I,Il-e:--J,-- -----------------------
e o U e
o
o
I\” ! ~ T [ """ ]__“
150006 '.\-i_ »
I ].j. { — Freq Markerzs —
. orf TN
| ::\ !
| \: 1. ARAAGY
D50 MY — — - —————il-i-'—]k‘. -8 [----- 1—
-5. B8Bns 8.808s 5. AAAns | L
1.8868ns/d iv
T —-37Bus T 533ps a 911ps ~ Analuze ———0=o
F 1.P8080GY E 2.0800GY & 1.0888GH Between
fll
arkers
ref int
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Lock Time (Cycle Slip Reduction Engaged, TOC=16383)

(55) Freq C l=n Ti Mark
N d ~ Time Markers —
e orf  ECIED
7. AAAHASAARGY
1 [
B s
TR S e S e Froq Markers —
"""""""""""""" N T S SO S S (IFF N On |
2. AR 1888GY
1. 99999500064 ~E  [----- 1—
-5. BBABns f.PBs LRGN 1. 99999960863
1.888ns/div
T B8.88s T 1.311ns a 1.3 11ins ~ finalyze
[, 2.888881888GY £ 1.999999888GY a —2.888kY all Between
arkers
ref int
(55) Freq C l=n Ti Mark
N d ~ Time Markers —
ol . orf  ECIED
1. AAAHASAARAGH '
:
| -1 [
I e e e e
1. BBBHAAARAGY dioo .
. .:fkb*_ . — Freq Markers —
---------------------------- = /f orr (N
(: 1. 88880 188A8GY
BBB.BEEEEEHE i } ' ~ E [ _____ ]__ﬁ
-5. BABns f.PBs LRIl 999 . 999606M;
1.888ns/div
T B8.88s T B889ps s B889ps ~ Analyze ——
[, 1.888881888GY £ 999.999888MY a —2.888kY all ”Et:EE“
arkers

ref int
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IF PLL Lock Time

F C tlk
(éa) r:ﬁ:ing Time Markers
ore TN
798. ARAMY
770, agany
: Peak time is 97.8 uS
7508. 0gaMy i
—1. B88ms a.B8s 1.888ns
288. Bus/div
T 8.08s T 97.8ps s 97.8ps
F 780.800M% E 785.937M% a 5.937M%
FSK Ctr ———
(éa) Freq C L1k
running
798. sgaMy |
7708. agaMy i |
”l ' Freq Markers
g ose Peak Time is 133.3 uS
e R [ - -
;;\\; 768. BaaMY
758. AgAMY 4 1
—1. B88ms 8. 88s
288. Bus/div
T 8.88s T 133.3ps a 133.3ps
K 760.888MY E 754.375M4 & —5.625MY
FSK Ctr ————
ref int
F. [ t1k
(2] S:E:ped Time Markers
off T
7808. ag5e08MY
[ T [ --H
Trigger Point|
T [
""""""""""""" F=f-fi----------7-----r----4| Gettling Timg
roo, adeapent. sty i 1
i llf v A Freq Markers
S S e i et e S L - Positive Lock time is 510 uS
779.995888M%
—Z2.508ns B8.ABs 2.508ns
588. Bpssdiv
T 8.88s T 518us & 518ps
F 779.9998RaMY E 78A.9A188AMY & Z.888kY
Settling Time S1Hps
{77) Freq C t1k
stopped
768. 0g5608MY
| gty
[ I S Es A O I R O Negatlve Lock Time is 474 uS
P59, 995008M% i
—Z.588ms 8.88s Z.508ns
588. Bpsrdiv
T 8.88s T 474ps & 474ps
F 759.999888M% E 76c8.801880M% o Z.800k%
Settling Time 474ps
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IF PLL Phase Noise

- Agilent 11:83:34 Oct 1, 260684

T

Carrier Freq 778 MHz Signal Track Off

Log Plot

DANL  Off

Trig Free

199.80% of 50 Hug

Carrier Freq 770.0000003 MHz |

Carrier PoWer -5.30 dBm

Ref -66.08dBc/Hz

Atten .00 dE

Mkr 4

1699.800 kHz
-119.38 dBc/Hz

19.88 7 2 |
3
dB/
e
k2
188 Hz Frequency Offset 1 MHz
Marker Trace Type X Axis Value
1 Spot Freq 188 Hz -78.97 dBc /Hz
Z Spot Freqg 1 kH=z -77 .53 dBcAHz
32 Spot Freq 18 kH=z -868 .31 dBcA/Hz
4 Spot Freqg 188 kHz -119.38% dBcAHz

[ Frequency |

Carrier Freq
770600000 MHz

Carrier
Search

Search Span
100000000 kHz
Auto Man

Signal Track
On 0ff

Tracking»

11
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INSTRUCTIONS

IF PLL Spurs
% Agilent 11:22:49 Oct 1, 2004 T |Freg/Channel
a Mkr2 -560.8 kHz Center Freq
Fé:rfnp—8318 dBm Atten 18 dB ZOR -92.808 dB 260.080008 Mz
Loy
18 StartFreq
dB/ 759.340609 MHz
Center Spurs at 50 kHz offset for an output
-/60.0000000 MHz Stop Freq frequency of 760 MHz are -97.5 dBc.
760060000 Mz
. asorstePl | Note the cusping effect at 50 kHz. This is
Lafy . 3 7 |Buto Man| | because the loop bandwidth is wide relative
Center 760.000 0 MHz ~ ~ Span 120 kHz to the comparison frequency. This is due to
wRes BH 100 H VBH 108 H Sweep 2109 5 (601 prs) || , -89 Offset
= : 2 reep i s o o) [ mocavacke Ho| | the discrete sampling action of the phase
Marker Trace Typa ¥ Axie Amplitude
1R (&N Fra 766.8688 8 MHz -8.35 dbm
1a (&8 Freg 50,8 kHz -97.68 dB Signal Track deteCtor'
2R (&8 Fraq 7E@.AAA A MH= -8.35 dBm
28 (&N Fraq -58.8 kHz -92.61 dB On %

Agilent 11:37:06 COct 1, 2084 T |Freqg/Channel
a Mkr2 -50.8 kHz Center Freq
Ref —8.316 dBm Atten 18 dB —-79.961 dB
Samp 2°R 770.008088 MHz
Log
18 StartFreq
dB/ 769.940086 MHz
Center
1 7/70.0000000 MHz Stop Freq
770060000 MHz
5 L CF Step
[ 12.0008068 kHz
LaRy | Auto Man
Center 776.000 @ MHz Span 120 kHz
wRes BH 160 Hz VBN 100 Mz Sweep 218 5 (60L pro) ||, r€a DFfset
Marker Trace Typa ¥ Axie Amplitude i
1R 1y Freg 770.0688 8 MH=z -8.35 dbm
1 @ F 56,8 kH -61.58 dB ;
2; (&8 F:EE 776.088 8 MH; -8.35 dBm 0 Slgnal Trag{lﬁ
28 (&N Freg -5A.8 kHz -79.96 dB n sy

Spurs at 50 kHz offset for an output
frequency of 770 MHz are -81.7 dBc.

+ Agilent 12:44:23 Oct 1, 2084 T |Freqg/Channel
a Mkr2 -50.8 kHz Center Freq
Ref —8.316 dBm Atten 18 dB -71.131 dB
Samp < 780800005 MHz
Log
18 StartFreq
dB/ 779.940088 MHz
Center
1 780.0000000 MHz Stop Freq
=N 780.050000 MHz
(25 1
CF Step|
12.0008068 kHz
LaRy Auto Man
Center 750.000 © MHz Span 120 kHz
wRes BH 160 Hz VBN 100 Mz Sweep 218 5 (60L pro) ||, r€a DFfset
Marker Trace Typa ¥ Axie Amplitude i
1R 1y Freg 7806.088 8 MH= -8.39 dbm
1 @ F 56,8 kH -71.86 dB ;
2; (&8 F:EE 786.088 8 MH; -8.39 dBm Slgnal Track
28 (&N Freg -5A.8 kHz -71.13 dB On %
3 1y Freg 780.8688 8 MHz -8.39 dbm I:

Spurs at 50 kHz offset for an output
frequency of 780 MHz are -71.7 dBc.

12




I LMx2485

LMX2485LM6211 CodeLoader Settings

_|of x|
File Keyboard Controls  Select Device  Options | Mode Help
Fort Setup T Reqisters T_ Default mode 7.8.2005 T IF PLL
Reterence - Add
Dzcillakar
R Counter
~ 05Cin |1 | Fhaze Charge Charge
| | Detector  Pump Pumip Leog Fi
Polaity  Gain State oop Filter
20 tHz Phaze Detectar Freq
= | = H 4 [ Active Zlz)
IEEIEIEID ;IkHz
Fin = =
|—|?5 ZI_ Fractional ﬂ
L‘\F'nescaler M Counter Compensatio 11DDDDDD
PLL
YO
©
CValue B Value A Value |15|:||:| MHz
3 [ o J[ 3
[l Lmxz485 -1ol x|
File keyboard Controls  Select Device Options Mode Help
FPort Setup T Registers T Bits/Pins T BurstMode T RF PLL T IF PLL
Reference
Dzcillakar (_ —\1
R Counter
~ 05Cin EDEI Gon =] Fhaze Charge Charge
| | Detector  Pump Pumip Leog Fi
Polaity  Gain State oop Filter
10 tHz Phaze Detectar Freq
I | + H dmd [ Active Zlz)
Fi =
——15 15400 =
L‘\F'nescaler M Counter j
PLL
YO
©
CValue B Value A Value Ip?n| MHz
2 || 2 || @

13




FEiLMxza85 =18 x|
Eile kevboard Controls Select Device Options Mode Help
PotSetup |  Registers |  [Bits/Pms | BustMode |  RFPLL | IFPLL
— Power Down Cantrols — Fractional Caontrols Lock Detect Adustments Frogram Fing
I~ RF_PD FM I~ DIv4 [ CE
I~ RF_RST dth Order Modulatar j
™ IF.FD I [~ ENOSC
[~ ATPU IStrong Dithering j
_;‘:St_ll_DDCE Eorilils — Dscillator Controlz
= ] V¥ OsC_2
16303 =
| = | oscout
RF_CPF — Mizc Controls
| 12| access
=l — |
N_CSR I Al Registers I'I
| 1= |
=
| Disabled |
FEiLMxza85 =18 x|
Eile kevboard Controls Select Device Options Mode Help
|  Registes |  Bits/Pins | Buistdode |  RFPLL | IF PLL

Paort Address

— Port Setup Diagram
& LPT1{" LPT2 ¢ LPT3 (" Other 575 |Helnad Everp[10 sec O Clack B Other Fins
Clack Bit O Data B Ground
CHQC 2 4 C g B 2O B 128 2l a3l C4| B LE | Latch Enable ] B Address Conflict
[rata Bit - -
Cl1 26 C e CEC OO O D C 2l Al c4| 10714 Pin Connector ( Top View)
. S LN
R
(i I - I = - =7 Ol = T il o O = il o ok -
L}
CE
C1C2C40C30C16C 320 B4 1280 C1 t"‘c2r‘c3r"c4|
EWOSC
12840 8B 20O BT 1280 0 r“czr“car‘c4| DB
TRIGGER
-
F1C 20408 CIEC2CEMC 12800 Cc2C 03 oy [ '{:‘::r.:.:f:'. .‘.‘
\ \—I
DB 25 Connector

14




Bill of Materials

Revision 10/23/2006
Item | Qty Manufacturer Part # Value Unit Size | Voltage | Tolerance | Material Designator
-- Ftest/LD
0 11 Open - C2plF, C3_IF, C8, C24
- R3, R9, R10p, R22, R23, R24
National LMX248X6211FPEBPC
1 1 ] B er=4 Second Layer is 10 mils down FR4 n/a
Semiconductor Rev 6-29-2006
2 4 SPC Technology SPCS-6 Stand- 156mil n/a nia Nylon Place in 4 holds in edge of board
3 1 FCI Electronics 52601-510-8 10-Pin Hefde n/a nla Plastic uWire
4 6 Johnson Components 142-0701-851 Ei}l": Metal RF_OUT, IF_OUT, OSCin,VccPLL, VccAMP, VccVCO
5 15 Kemet C0B03C101J5GAC 100 oF 603 50V 5% C0G C6, C9, C10, C11, C12, C13, 014,0%5, C16, C17, C18, C19, C27, C28,
6 1 Kemet C0603C102J5GAC 1 nF 603 50V 5% C0G C4_RF
7 1 Kemet C0805C182J3GAC 1.8 nF 805 25V 5% C0G C1_IF
8 1 Kemet C0603C332K5RAC 3.3 nF 603 50 V 5% X7R C3_RF
9 1 Panasonic ECHU1C103JX5 10 nF 805 16 V 5% Film C2_IF
10 1 Kemet C0603C122K5RAC 1.2 nF 805 X7R C1_RF
11 5 Kemet C0603C104K3RAC 100 nF 603 25V 10% X7R C3, C5, C20, C21, C26
12 1 Kemet C0603C473K4RACTU 47 nF 603 16V 10% X7R C2_RF
13 3 Kemet C0603C105K3PAC 1 uF 603 25V 10% X5R C7,C22,C25
14 4 Kemet C0805C106K8PAC 10 uF 805 10V 10% X5R C1,C2,C4,C23
15 3 Vishay CRCWO0603000ZRT1 0 ohm 0603 10V 5% Cermaic R3_IF, R8, R10
16 9 Vishay CRCWO0603180JRT1 18 ohm 0603 10V 5% Cermaic R1, R2, R4, R11, R12, R13, R28, R29, R30
17 1 Vishay CRCW0603510FRT1 51 ohm 0603 10V 1% Cermaic R5
18 1 Vishay CRCWO0603471JRT1 470 ohm 0603 10V 5% Cermaic R2_RF
19 1 Vishay CRCWO0603271JRT1 270 ohm 0603 10V 5% Cermaic R3_RF
20 1 Vishay CRCW0603122JRT1 1.2 Kohm 0603 10V 5% Cermaic R4_RF
21 1 Vishay CRCWO0603822JRT1 8.2 Kohm 0603 10V 5% Cermaic R2_IF
22 6 Vishay CRCWO0603103JRT1 10 Kohm 0603 10V 5% Cermaic R6, R7, R14, R16, R18, R20
23 4 Vishay CRCWO0603123JRT1 12 Kohm 0603 10V 5% Cermaic R15, R17, R19, R21
24 1 National LMX2485SQA PLL n/a 24P 3.6 nla Silicon U1
Semiconductor
25 1 National LM6211 AMP na | SOT23 24 nia Silicon u2
Semiconductor -5
26 1 SIRENZA VCO793-1550T o MHz T 12V n/a Can U3
27 1 SIRENZA VC0191-773U 760-780 MHz U 3V Can U4

15



http://capacitoredge.kemet.com/jsp/search.jsp?ID=1&PN=C0603C822K5RACTU&UPG=2&SRC=Part_Number_Search
http://capacitoredge.kemet.com/jsp/search.jsp?ID=1&PN=C0805C153K5RACTU&UPG=2&SRC=Part_Number_Search
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Build Diagram
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Appendix A

L.M6211 Phase Noise Evaluation for Active Loop Filters

Introduction

This report investigates the performance of the LMG6211. For this evaluation five loop filters were designed and the performance was compared. The
findings were that the LM6211 does not add very significant phase noise, except near the loop bandwidth, as simulations predict. For the active filters,
a type A filter was used. In this type of filter, a bias voltage is established at the non-inverting input of the op-amp, and C1, C2, and R2 go in the
feedback path of the op-amp. Series 39 k€2 and 12 kQQ resistors were used to divide down the op-ap supply of 5 volts down to a bias voltage of around
1.2 volts. Also, a 1 pF capacitor was placed in parallel with the 12 kQ resistor in order to reduce the resistor noise. The utility board was used in order

to obtain these results.

Dean Banerjee

Setup
Parameter Units Value
PLL n/a LMX2471
VCO n/a Varil 1960U
op-amp n/a T.M6211
VeccPLL 1% 2.75
VecVCO 1% 33
VccAMP 1% 5.0
Ko mA 0.8
Kvco MHz/ 1V 45
N n/a 1960
Fout MHz 1960
Fcomp kHz 1000
Parameter Unit Filter A Filter B Filter C Filter D Filter E
Filter Type n/a Passive Active Passive Active Active
Filter Order n/a 2nd 3rd 3rd 3rd
ﬁ:f;; deg 50.57 463 49.13 46.56
Bandwidth kHz 10.2 9.88 9.55 9.73
T3/T1 Ratio % 0.0 8.96 91.79 1170.96
C1 nF 0.82 0.33 0.82 0.15
Cc2 nF 8.2 8.2 12 12
C3 nF 0.0 0.56 1.0 1.0
R2 £Q 33 33 33 33
R3 £Q 0.0 1.8 2.7 5.6
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Results for Second Order Filters

Added Phase Noise Relative to Filter A
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Filter A Filter B

Lock time from 1930 to 1990
MHz to 1 kHz 467 uS 380 uS

Lock time from 1990 to 1930
MHz to 1 kHz 300 uS 280 uS
Peak time from 1930 to 1990 MHz 109 uS 51 uS
Peak time from 1990 to 1930 MHz 38 uS 44 uS

Filter A:  'This is a basic second order passive loop filter which is used as a baseline for comparison.

Filter B:  This is the same thing as filter A, except for there is an op-amp attached. This was never intended to be a good design, but rather
something to make easy compatisons to filter A. As the measurements show, there is about 5 dB added phase noise out around 300 kHz. The ironic
thing is the lock time is improved. The reason for this is that the loop filter is biased at 1 volt tuning voltage. This keeps the charge pump away from
the rails and helps lock times. Note that filter A is struggling to get to 1990 MHz and the charge pump gain is giving out here. Although this was not
measured, because the spur levels were too low, the spurs for the active loop filter should be better as well, since the charge pump is based closer to the

center of the charge pump supply.
Results for Third Order Filters
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Added Phase Noise Relative to Filter C
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Filter C:  This is a passive third order loop filter used for comparisons. Now because the insertion of the op-amp does move the poles of the filter
around, it is necessary to change the component values to compensate for this.

Filter D:  This is an active third order loop filter. For this filter the T3/T1 ratio was about 92%, so the poles T3 and T1 are about equal. One
advantage of the op-amp is that T3/T1 can be made close to or even equal to 100%, because of the added isolation of the op-amp. The most
significant phase noise contribution is about 2.5 dB around 20 kHz offset. This noise contribution here may be slightly understated because this loop
filter had a slightly higher phase margin and a lower loop bandwidth than filter C. Note that several rolling averages were applied to the raw data to
smooth out the cutves.

Filter E:  The strategy behind this filter is the "pole switch" trick. For this type of filter, the poles T3 and T1 are swapped such that T3 is the larger
pole. This can only be effectively done for active filters. By putting the bigger pole after the op-amp instead of before it, the op-amp noise
contribution is reduced. The T3/T1 ratio for this filter is 1171%, which gives the same transfer function as having a pole ratio of, 8.5%, except for the
op-amp noise is attenuated more. The most significant phase noise contribution is about 2.5 dB around 30 kHz offset. As in the case of filter E,
several moving averages were applied to smooth the data.
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Raw Data

Raw Phase Noise Data
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