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ABSTACT

This Project is J — Version FM transmitter can be used between 78 to 90 MHz. , This FM
transmitter can’t trouble The Old broadband, because This Project can generate FM. Signal in low
frequency of broadband (88-108 MHz),

In phase lock loop circuit, MC145151 to do phase lock loop synthesize, frequency step
canbe used 500 kHz per channel, RF.power amp circuit we used transistor , if difference a RF
module , this circuit is low price , A

In RF power Amp circuit , you should see output powerS watts at supply voltage 12

volts and 10 watts at supply voltage 15 volts.
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4.8 1TV IWANNOGI (RF Amp)
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492 A1SATDI
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" {26,-G, - r{rr-Y7)

Tﬁﬂﬁ Yr = The Reverse - transfer admittance
Yf = The forward - transfer admittance
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G, = the output conductance

Re = the real part of the product {n parenthesis
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e Gs = The source conductance
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Gl =The Load conductance
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Gs = Hogg- ROGYOY- [Vl 25
Bs = b, + {Im{Y;Yg)/2g,

Gl = {{Zglgo' RC(YFYR)}Z— ‘Y'FYiﬂa*/'Zgl
Gl = G;G,/g,

Bl = b, + (Im{Y,Y,)/2s,
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Gs = The Source Conductance
Bs = The Source Conductance
Gl =The Load Conductanoce -
Bl  =The Load Conductance
Im = The imaginary part of product In parenthesis
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a d’ 3/ - Jd
Tuniisridmiusames
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3 Output impedance 70 —j 19.7 ohm
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Ry = Rs{1+0?)=6.2{1+7*)=310Q

o f)1- ()

X, =Rs-Qi=62x7=434Q
X,,=RL-QL=50x228=114Q
Rv 310
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X't =8x1.3=10.4Q
X., =0455x70=31.85Q
Xy =—% 1120
B-04551
X, =X, -X, =104-16=88Q
Xy = Xoy —Xg, =31.857-19.7 =12.157Q
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86 6.06 35.60
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MITSUBISHI RF POWER TRANSISTOR

28C1971

NPN EPITAXIAL PLANAR TYPE

frd

DESCRIPTION
25C1971 is s silicon NPN epitaxial planar type transistor designed
for RF power amplifiers on VHF band mobile radic applications.

OUTLINE DRAWING

9.11+0.7 $3.6+0.2

Dimensions in mm

FEATURES ot // 13404
® High power gain: Gpg 2 10dB H -
@V = 135V, P = 6W, f = 175MHz p <§1——@ -
® Emitter beltasted construction, gold metallization for high © J I o
reliability and good performances. ' by - :
e TD-220 package similar is combinient for mounting. <5 ‘
® Ability of withstanding more than 20:1 load VSWR when 1 o 8 1 L:}s
operated 8t Ve = 15.2V, Pg = 6W, £ = 175MHz. 1.240.4
. : iae i . +0.10
o Equivaient input/output series impedance: g L 2 hirgre
Zin=1.3+i3.2Q @Po=6W, Vcc=13.5V, f=176MHz S ;
APPLICATION 2.5 2.5 -u-—o.s o :g
4 to 5 watts output power amplifiers in VHF band applications. 3"}7* :
1
9SMAX | < o
prilie
-m -
PIN :
Q@ BASE
@ EMITTER (FIN)
@ COLLECTOR
T-30E @ FIN EMITTER)
ABSOLUTE MAXIMUM RATINGS (Tc=257C unless otherwise soscified)
Symbot Parameter ' Conditions Ratings Unit
Voaso Coliector 10 base voltage 3 v
Vepo Emitter to bae voltage [] v
Veeo .| Collector 1o emitter voltage Rag = " v
ic CoHector current [ 2 A
o Ta=25C 1.5 w
Pc CoMtector dissipstion -
To=25C 12.5 w
Tj Junciion temperature 150 °c
Tstg Storage temperature ~5$ to 150 <
Rth-a T - Junction to smbient ] 83 c/w
fhc | { dunction tocase 0 c/w
Note. Above per ® are g eed independently.
ELECTRICAL CHARACTERISTICS (Tc=25C untess otherwise spacitied)
Symbal Pararmeter Testconditions Limits Unit
Min AL Max
Viemepo| Eminter to base breskdown voitage tr =SmA_ dc=0 ] v
V(ar)ceo | ‘Colisctor 1obese breakdown voltage fc=10mA, 1g=0 ] s v
V(aryceo] Tollectar w emitter breskdown voitage , ic="0mA, Rgg =00 n v
cso Lollecrorcutat asrent Vep =25V, 4g =0 560 A
leso Emittar aoft cuirent Veg =3V, kc=0 560 uA
heg OC lorwerd current.gain® 1 Voe=10V, 1o=0.1A 10 se | 180 -
*o Output power _ , TSMH € 7 w
Ve v Vog=13.5V,Piq=0.6W, f=1TSMHz = - -

Note. «Putse wst, Pw=150us. duty=5%.




MITSUBISHI RF POWER TRANSISTOR

- 28C1971

NPN EPITAXIAL PLANAR TYPE

TEST CIRCWHY

C,: 0.08aF
C3: 150pF, 0.03pF, 0.00pF, I3pF in parailel

Notes: AN coils are made from 1.5mme sitver plated copper wire

100,1/27

Coil dimensions in milli-meser

O:  Inner dismater ot coil
T: Tumn number of coit

P: Pitch of coit

TYPICAL PERFORMANCE DATA
COLLECTOR DISSIPATION VS,

100,27 .3P

AMBIENT TEMPERATURE
20
H
s 1)
&
-
P 4
2
Q
@«
o]
=
(8]
b
-t
8
% 40 80 120 160 200
AMBIENT TEMPERATURE T4 (*C)
DC CURRENT GAIN VS.
COLLECTOR CURRENT
190 +
Tc=25C
Vee =10V
w 80 p
2 ;
z
& 68
" 1
w
E “ E
pa J
(%)
x -
] . }
4
80670+ 0.2 0.3 0.50.7 ¢ 2 3

COLLECTOA CURRENY 1. €A}

COLLECTOR TO EMITTER BREAXDOWN

VOLTAGE Vign)éen (V)

COLLECTOR CURRENT i {A}

+

Vee

to SOpF

to 4SpF

Zout=S00

to S8pF

COLLECTOR CURRENT VS.
COLLECTOR TO EMITTER VOLTAGE

1.0r~—T1—7 T
Ta=25C _MT1AMA
) 1
=R
o.' 1
L~ J{/ J’wmA—_
|
o.s}4] ‘
E “'me
ot} 6ma
0.¢ . i
ana
i
0.2 ip=2mA
—
00 4 8 22 16 20

COLLECTOR TO EMITTER VOLTAGE Ve (V)

COLLECTOR TO EMITTER BREAKDOWN
 VOLTAGE VS,
BASE TO EMITTER RESISTANCE

&0 ———
‘ ' To=25'C
i to=SOmA ]
S0 a 4
{1
40 y r
k
! 1
1 \
2 ] i
§
E

18 i
16 2030 SO 70100 200 300 S00 7001k

@ASE TO EMITYER ES!S‘!AN(Z'W& 1




MMTSUBISHI RF POWER TRANSISTOR
28C1971

NPN EPITAXIAL PLANAR TYPE

OUTPUT POWER,

COLLECTOR OUTPUT CAPACITANCE VS. COLLECTOR EFFICIENCY
COLLECTOR TO BASE VOLTAGE V8. INPUT POWER
198 T L 10 Ty 100
70— To=25% ] trﬁcs'c ] io
t=TMHz | t=<1TSMHZ ; -
m!'j\ s} Voc=13.5v }/ 80 Eu
P~ g &
= >
o - S Q
<3 « 6 o g %__ o &
. . ‘g I’ / —y "E
0 7 & ) )/ -«
-  ayL @0 «
[ o } y O
. & 4 / -
A4 } ) 4 1 8
° LA 0
2 v 4 8
1 [ Q
1 2 3 S 710 2 3 5070100 0 0.2 0.4 s 08 1.0

COLLECTOR OUTPUT CAPACITANCE Cop (pF)

COLLECTOR TO BASE VOLTAGE Vs (V) INPUT POWER Piq (W)

OUTPUT POWER VS. COLLECTOR
SUPPLY VOLTAGE

OUTPUT POWER Py (W)

Ayo=25¢c 7
| t=17TSMHZz 7 TPin=0.8W
ol Vec=13.5v !
apsustment V| L1 o.5w
rd ~ad
L~ 0.4W
6 4
A ’
e » - L0.2W
g
2 | //
o
] 0 12 Y] 16 18

COLLECTOR SUPPLY VOLTAGE Ve (v}




MNATSUBISHI RF POWER TRANSISTOR |

2SC2053

NPN EPITAXKIAL PLANAR TYPE |

RIPTION
tiaeecs?zosa is a silicon NPN epitaxial plansr type transistor de- OUTLINE DRAWING  Oimemions inmm
signed for RF emplifiers on VHF band wobile radio applications. 65.TMAX
FEATURES 1
® High power gain: Gpe 2 15.7dB x
Ve = 135V, Pp =0.15W, =1 75MHz s 4 '
e Emitter balasted construction, gold metatlization for high i B )
reliability and good performances. = )
® TO-92 similar package is combinient for mounting. 0.8 §
e Equivelent input/output series impedance: N ] 1
Zin=9.8—j12.7Q @Po=0.2W, Vcc=13.5V, £=175MHz § Q.5 05 ‘
Zout=70—i9.8Q b
APPLICATION . 4 | ‘
Driver amplifiers in general in VHF band mobile radio applica- .27 1.27
tions. " “ a 1
x A 1 - L
’ < 1
: IR
~¥ pt
PIN :
(D BASE
@ COLLECTOR
@ €MITTER
TO-92L
ABSOLUTE MAXIMUM RATINGS (Tc=25C unies otherwise specified)
Symbol Parameter Conditions Ratings Unit
Voeo Collector to bass voitage 40 v
Veso Emitwer to base voitage P "
Vceo Collector 10 emitrer voltage { Rgg=o0 . 7 v
I 4 Collector current 0.3 A
Pc Collecror distipation Ta=25C 0.6 w
Tj Junction wmpersture 135 “c
Tstg Storaga tarnperature 3 —%5$ 10 135 b
Rth-a Tharmal resistance Junction to smbrient 183 C/W
Note. Above parameters ore g d independently.
ELECTRICAL CHARACTERISTICS (7c =25 untess otherwise specified)
“Symbol Parameter Test conditions Limin Uait
Min Typ Mex
Vieryeao| Emiter to base braskdown voltage te=1mA, Igc=0 4 4 LV] 1
V(erycao | Cokiector 10 base braskdown voltage tc=1mA, {g=0 Ty v
Viaryceo] Collector 0 emitter-dxreakdown voltage e =10mA , Rgg=0o i v v
'cao Collectorcutotf current Vca=15V, tg =0 1 20 wh
feso 1 Emitwarcutoff current Vep =3V, Ic=0 20 WA
hre OC forwerd cument gain ® Vee =10V, 1g=10mA 10 50 80 —
Po . “Orutput powsr 1 1% 200 oW
- Voo =13.5V, Pin=4mW, t=1T5MHz
e Cottector efficiency Py 0 %

Nowe. ePulse test, Pw==150xs. duty=86%.:
Above per . catings, himits end conditions are subject to change.




MITSUBISHI RF POWER TRANSISTOR

2SC2053

NPN EPITAXIAL PLANAR TYPE

TEST CIRCUIT

TYPICAL PERFORMANCE DATA

COLLECTOR TO EMITYER BRAEAKOOWN

VOLTAGE  Viawjeen (V)

Zin=500 B8pF 120,17 5P

COLLECTOR DISSIPATION Pp (W)

GCy:

1o S0pF

D: Inaer diameter of codl

T: Tum number of coll

P: Piwch of coil

: 100pF, 2200pfF, 226F inperatiel

100pF, 2200pF, 1QuF in paratiel

All coil ere mads from 1.5mm¢ sitver plated copper wire
Coit dimensions in milli-meter

t7SMH2Z
TR

COLLECTOR DISSIPATION VS.
AMBIENT TEMPERATURE

0.6

0.4

0.2

N

40 [)

AMBIENT TEMPERATURE T, (°C)

COULLECTOR TO EMITTER BREAKDOWN

VOLTAGE VS.
BASE TO EMITTER RESISTANCE
& N 1 Ta=25C
'1 1o =10mA
<0 |
) :
40
]
1 1 A ] }
wj 1114 1 1]
ol 4 T
4 k ) . 9
k b 4
10

W0 20 S0 100280 500 3k 2k Sk 30k

BASE TOEMITTER RESISTANCE Ree (Q)

80, 2.57 P

8D.5T,. P  Zout=50R

COLLECTOR CURRENT 1 {mA}

4¢ CURAENT GAIN heg

—4
22pF

to 12pF

+Vee

100

to SOpF

COLLECTOR CURRENT VS.
LCOLLECTOR TO EMITTER VOLTAGE

20

J N T M
VA 2mA Ta=25T
iz
L A .
/.’_ 1.5mA
A WA
A 4
: lg=0.5mA.
o
0 a ] 12 16 20

COLLECTOR YO EMITTER VOLTAGE Ve (V)

DC CURRENT GAIN VS,
- COLLECTOR CURRENT

S
Ta=25'C
Ve =10V -
4

8

”

A \
A

8

100

<00 309

COLLECTOR CURRENT 1 (mA}




MITSUBISHI RF POWER TRANSISTOR

2SC20S83

NPN EPITAXIAL PLANAR TYPE

OUTPUT POWER,

COLLECTOR OUTPUT CAPACITANCE VS, COLLECTOR EFFICIENCY
COLLECTOR TO BASE VOLTAGE VS. INPUT POWER

E ‘SO Y ™ <.4 T T 100

- Ta=25C Taq=25C l A

ye] -

d‘: 30 - 1=|MHI{ 1=1TSMH2z 80 7

w 0.85} Vo =13.5V. ,/ 0 -

g 2 S L&

2 : s

2 10 a 0.3 > Ne 60 w

o [~ - (V]

S 7 i 8 &

a.

5 s = 0.25 : © o

& e 2 / &)

> 3 g G

o B o / hrrl

S . 0.2 0 2
O

[

5 o

w

3 1 0.15 [}

8 172 3 W0 20 30 S50 59 4 s 12 16 20

COLLECTOR TO BASE VOLTAGE Ves (V) INPUT POWER Pj, (mW}

OUTPUT POWER VS. COLLECTOR

SUPPLY VOLTAGE
0.48 e
Ta=25C ] 7
Ft=175MHz .g“*\
0.40lvec=13.5v R
g ADIJUSTMENT. P 12mW
Q
a -
« 0.32 / ',#6 w
g -/
g o0
+ 0.24 /, A
é // 4mw
> 4 o
© o.16 7 A7
/o
Y,
o'”a 10 12 14 16 18

COLLECTOR SUPPLY VOLTAGE Ve (V)




MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Parallel-Input PLL Frequency
Synthesizer
interfaces with Single—~Modulus Prescalers

The MC145151--2 is programmed by 14 parallel-input data lines for the
N counter and three input lines for the R counter. The device features consist of
a reference oscillator, selectable—reference divider, digital-phase detector, and
14-bit programmable divide—by—N counter.

The MC145151-2 is an improved—performance drop-in replacement for the
MC145151-1. The power consumption has decreased and ESD and latch-up
performance have improved.

* Operating Temperature Range: — 40 to 85°C

« Low Power Consumption Through Use of CMOS Technology
e 3.0t0 9.0 V Supply Range

* On~or OfF—Chip Reference Oscillator Operation

* Lock Detect Signal

» + N Counter Output Available

» Single Modulus/Parallel Programming

» 8 User—Selectable + R Values: 8, 128, 256, 512, 1024, 2048, 2410, 8192
+ + N Range = 310 16383

» “Linearized" Digital Phase Detector Enhances Transfer Function Linearity
o Two Error Signal Options: Single~Ended (Three-State) or Double~Ended
» Chip Complexity: 8000 FETs or 2000 Equivalent Gates

REVA

MC145151-2

P SUFFIX
PLASTIC DIP
CASE 710

DW SUFFIX
SOG PACKAGE
CASE 75tF 1

ORDERING {NFORMATION

MC145151P2 Plastic OIP
MC145151DW2 SOG Package

PN ASSIGNMENT
tal1e 2 L0 )
vssf] 2 27 J0SCiq
vpoll 3 26 ] 0SCoy
POl ¢ 25 [IN11
Racll s 24 fIno
Rt 6 23 [IN13
Al 7 22 JN22
epfle 21 J1R
ovUe 20 INg
ty{] 10 19 71 N8
nof] ¢ 18 N7
My 17 {I N6
NG (3 16 {J NS
N3{ 4 sN

© Motorola, inc. 4995



MC145151-2 BLOCK DIAGRAM

RA2 —or \
N RA1— 14 x 8 ROM REFERENCE DECODER ]
0SCout RA0—*1
X 14 10CK
1 i petect [
0SCig 14-BIT <R COUNTER H 4
——AAA—— Leei PHASE
DETECTOR }—PDgut
> A
fia {>c 14-BIT + NCOUNTER —¢
Voo i PHASE | _ oy
X1 DETECTOR
4 B - OR
R ’ TRANSMIT OFFSET ADDER

HHHH?HH;?O | >—w

N13 N1

N9 N7 NS N4 N2

NOTE: NO - N13 inputs and inputs RAO, RA1, and RA2 have pull-up resistors that are not shown.

PIN DESCRIPTIONS
INPUT PINS
fin
Frequency input (Pin 1)

input to the + N portion of the synthesizer. fin is typically
devived from loop VCO and is ac coupled into the device. For
larger amplitude signals (standard CMOS logic levels) dc
coupling may be used.

RAD - RA2
Referance Address Inputs (Pins 5, 6, 7)

These three inputs establish a code defining one of eight
possible divide values for the total reference divider, as
defined by the table below.

Puli-up resistors ensure that inputs left open remain at a
logic 1 and require only a SPST switch to alter data to the zero
state.

Reference Address Code Totai
Divide
RA2 RA1 RAOC Value
0 0 0 8
0 0 1 128
0 1 0 256
V] 1 1 512
1 0 0 1024
1 0 1 2048
1 1 0 2410
1 1 1 8192

NO - N11

N Counter Programming Inputs (Pins 11 — 20, 22 - 25)
These inputs provide the data that is preset into the + N

counter when it reaches the countof zero. NO is the least sig-

nificant and N13 is the most significant. Pulf-up resistors.en-

sure that inputs left open remain at aogic 1 and require.only
an SPST switch to alter data to the zero state.

TR

Transmit/Receive Offset Adder Jnput {Pin 21)

This input controls the offset added to the data provided at
the N inputs. This is normally used for offsetting the VCO
frequency by an amount equal to the IF frequency of the
transceiver. This offset is fixed at 856 when T/R is low and
gives no offset when T/R is high. A pull-up resistor ensures
that no connection will appear as a logic 1-causing no offset
addition.

OSCip, OSCout
Reference Oscillator input/Qutput (Pins 27, 26)

These pins form an on—chip reference oscillator when con-
nected to terminals of an external parallel resonant crystal.
Frequency setting capacitors of appropriate value must be
connected from OSCjp, to ground and OSCgqyt to ground.
OSCjn may also serve as the input for an extemally—gener-
ated vreference signal. This signal is typically ac coupled o
QSCin, but for larger -amplitude signals (standard CMOS
logic levels) dc coupling may also be used. in the extemal ret-
erence mode, no connection is required to OSCgyt.

QUTPUT PINS

PDout
Phase Detector A Output {Pin 4)

Three—state output.of phase detector for use as loop—error
signal. Double-ended-outputs are also available Yor this pur-
pose (see vy and OR).

Frequency fy > {R or fiy Leading: Negative Pulses

Frequency fiy < TR or fy Lagging: Positive Pulses

Frequency fv = fR and Phase Coincidence: High—-imped-

ance State

MOTOROLA

MC145151-2 through MC145158-2
3



R, OV
Phase Detector B Outputs (Pins 8,9)

These phase detector ottputs-can be combined extemally
for a foop—error signal. A single—-ended output is also avail-
abile for this purpose (see PDgut)-

if frequency fy is greater than fR or if the phase of fy is
teading, then eror information is provided by ¢y pulsing tow.
eR remains essentiafty high.

if the trequency fy is less than f or if the phase of fyis
fagging, then error information is provided by 4R pulsing low.
oy remains essentially high.

If the frequency of fiy = fR and both are in-phase, then both

oy and R remain high except for & smal minimum time period

when both putse tow in phass.

fy
N Counter Output (Pin 10)

This is the buffered output of the + N counter that is intemal-

-

{y connected 1o the phase detector input. With this output
available, the + N-counter cande used independently.

o
Lock Detector Qutput (Pin 28)

Essentially a Righ level whentoap is tocked {fR, fy of same
phase and frequency). Pulsesiow when loop is out of lock.

POWER SUPPLY
VoD
Positive Power Supply {Pin 3)
The positive power supply potential. This pin may range
from + 310 +9 V with respect to Vggs.
Vss
Negative Power Supply (Pin 2)

The most negative supply potential. This pin is usually
ground.

TYPICAL APPLICATIONS
2.048 MHz
L
F{Il
0SCiy  OSCou tn RA2 RA1  RAO
VOLTAGE
MC145151-2 PDoia CONTROLLED >
OSCHLLATGR
N4 N‘ N 5-55 MHz

IR

;f% %ffffff T,

= = 10101111100=55MHz

Figure 1. 5 MHz to 5.5 MNz Loca!l Osclilator Channel Spacing = 1 kMz
——» LOCK DETECT SIGNAL TRANSMIT: 440.0 - 470.0 MHz
¥4 1" B 0 RECEIVE: 418.6 - 448.6 MMz
7 l | | l CHOICE OF {25 kHz STEPS)
OETECTOR
j: OSCost RA2  RA1  RAD LD ty ERROR t
| SIGNALS
= |'—'“'— 08Ciq Pout [— J LOOP
- +V—vpp RF—1->=* gmer [ YOO [ %6
v MC145151-2 b |—
Rerosc. | L |Vss
0047miz | =g fin __t T: 73.3333 - ¥8.3333 MHz
(ON-CH®P OSC. T13.0833 - 18:0833MHz ¢ R: §0.7667 - 74.7667 MHz
OPTIONAL) NRRERERRRRERN! PR:%W—MWMH:
BRI
BEGEIVE O ‘CHANNEL PROGRAMMING
TRANSMIT +N=2284 70 3484
- {ADDS 856 TO
+ N VALUE)

NOTES:

X6 ]

50.2500 Mz

1. {q = 4. 1867 kMz; - R =2410; 21.4 MHz {ow side injection during<eceive.
2. Frequency values shown are for the 440 — 470 MHzband. Similar implementation applies to the 406 — 440 MHz band.
For 470 - 512 MHz, consider reference csdifator frequency X8 for mixer injection signal (90.3750 Miz).

Figure 2. Synthesizer for Lard Moblle Radio UHF Bands

MC145151-2 through MC145158-2
4
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7H National
Semtconductor

DS8629 120 MHz Divide-by-mo Prescaler

General Description

The.DS8620 I3 a fixed ratlo counter comblining ECL and Low
Power Schottky technotogy on u single monolithic sub-
strate. This provides high frequuncy capability and TTL
compatibllity. A single 5.2V £ 10% supply is needed.

The device can be operated in a single-ended or differanfial
input mode, with the signal source typlcally capacitively-cou-
plad to the Input. An Input emplifier is Included to allow use

_]: of extremely sinafl_amplitude, high frequency signals. The

. otiput of the device Is a square wave of frequercy foyt =
fn/100 for the DS8626. The outp.t is standard Low Power
Schoﬂky.,

-« Gountdown sequence avolds broadcastFM | & hnrmonk:s

Features 1
- High Freguency, dc—120 MHz—small Input ampuwde 1
& Sine weave input 30 MHz < fiiy < 120 MHz
u YTL compatible output

= May be used with TTLinput ;"2 .

a Single supply operation 5.2V £10% e
w “Single ended or differentlal input modes AN
u Posltive or negative-sdge triggered -

e T1 R

- e,

Loglc and Connection Diagrams .

iy — 2 . - L.
GUFFER/ +SECL £oLT0TTL | e i ' s
= AMPLIFIER | .| counien .| TRAmsLATOR ! i
] > >
- h
v 3
. WLSTIL 4 L NASTTL Lo : K
. . 058628 fgyT = 1 K/100 “—1 counten [¢ coUNTER | W5 oseEas’ s 4
- . ; 4
TUFI7539-1 F
* i .
- C Dual-{n-Line Package 1
1 U .18
TV Ve —— . p— Ve (ECL/BUFFER)
2 7 (114104 . e 4l E
outruy (KEGATIVE-EDGE TRIGGERED) e 1

(TTLIGND 2 —11

GND
(ECL/BUFFER)

€ nmur
(POSITIVE-EQGE TRIGGERED)

L. SIAS
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disaliiunnsfi L4 lwnsaanuiy Phase Lock Loop & Loop Filter

1

First pole l=———

P 7 Ko 27 -tl

i
First zero 2=
s 27 -t2
1= K2 Iﬂ&ﬂﬁ K = M
wn N
aon K
0 dB Gain freq fx= fn-\/2¢'2 +4/4E* +1
3dB Loop BW f3 = fin-dw+Jdw? +1 Jdw=1+2£
wn -[tZ + %)
Demping factor &= — passive
&= £2-on Active
2
Natural frequency  wn = J—E— =2r-fn  fn= on
1 2
Tracking frequency ft= KL-18-on (f h 1)
27
N 2
Noise (N,BW,FR) nl =20%log,j1 +( i )
¥

Noise Bandwidth nb = 0.25-KF '(KT * A2) Passive

KT

nb =0.25-KF - [1+£} Active
KT
Toeiv A=t 1 xF-x.2 KT = KF + -
£2 1 21

Lockup frequency FL=KL-2-£E-FN



GM,, =20-log(k-£2)  lauld K=

Lockup time 1L = N
wn
v L J
%@ Detector KL @ Detector KL
Analog {sinewave) 1 EX-OR gate 7f2
Analog (triangle) “ /2 JK-Flip Flop PIF pu
Analog (sawtooth) pu Tri-state Flip Flop 27
KL-\J4-&-on-K - 20n°
Pull in limit FP = \/ ° ) . e (Detector 1,2,3.4)
V4
-an-e®
FP = Ri-z-an-e (Detector 5,6)
27
lowli F{¢)=x¢- a.rctan(—l—]
x&
om £>1 xé = o
s &2 -1
£<l1 x£ = 6
1-¢?
&=1 x£=0
wpz
Pull in time Pz —— tDetector 1,2,3,58)
27° & -on
2
PP {Detestor 4)
27 -&-am
ol wp =27 - FP
Phase margin ¢fx = (arctan(wo -t2)- arctan{@o 11))+90 Passive
¢fx = arctan(wo -12) - 90 Active
wo =27 - Jx
Gain margin GM,,, = 20-iog(Ko -t1) Ko =Loop OP-Amp Gain (Passive = 1)

KA-Kd -K

N
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4 ) {1+¢2-a0
Loop fil _ F = K
op Tt Tesponses ) [+ {e2+11-Ko)- a0
Open Joop gain Gijo)H(jw)= éK——E(Lw—)
jo
Glio)= 27r-KA-Kd:cho-F(jw) H{jo)=L
jo N
: G(jo)
Close 4 4 CLG.= ;
oroTop oE 1+ G(jo)H{jo)

E 1
En 1+ G(jo)H{jw)

Noise VCO error resporrses

Type A Type B Type C “
on Kd - Kvco Kd - Kvco Kd - Kveo
\) N-RIC N-C(R1+R2) \} N-RIC
N- -R2-C
2-Kd - Kvco Kd - Kvco 2
5B p(s) 1 R2.5s-C+1 R2-s-C+1
Rl-s-C+1 (R1+R2)s-C+1 Rl-s-C
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