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2.1 319959818 (Small signal amplifier design)

miﬂﬂﬂLlUUfT%’N’Ni]i'llU’lUﬁ'ﬂJutlpiuﬂﬁuaﬂq fi18941 (low power radio frequency amplifier) 861
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SefidnyssneuiiugIu 3 §IUYBINTTRONULLAD

M nvsifonya lude (Bias)

M 115191510097 A15AT20 ¢ S-parameter

B vosdwisiiines
& A ¥y a o "o ¥ I w . ' .
FamsdenldnsuFaaes vuegiuanuasImsnl MUY (gain) AINITIUNIU (noise)

2.1.1 M5 1ADINIINTE

o o

[l . ¥
ihqﬂummmmﬂm"ﬁmi"ummnfmﬂmaqamﬁmmmiuﬂamgﬂﬁmuﬂﬂmﬁ'ﬂymzéﬁu two-

L]

ports WisMmesaiia s wnimedieannmnsatamia’ld edusiadunrgndeuniuidiogiinged
dmsunagou lavanz

S wws1ﬁma{uﬂmﬁaqmﬁuﬁﬁnnﬂixmsxﬁmf‘l"nmiaammmwwmm‘ﬁu Sufiuaud umss
(impedance matching), 9RN3INTTVENY (gain) ,VSWR (voltage standing wave ratio)‘\l‘!l‘i’l’maz‘u‘l@’e)ﬂ uae
R o AMITUNIM(oise) MU evesnaufiadielasundaduia delud Inandums
Audede fAuATY (incident wave) TILARUTETOU(Reflected wave) HiATINMS Hauund vildnduase
azfeundy lufamduiianiadiuds dm5U two-port network [FUNIUFHIADT maa"lusmumsm 50

Qs ‘W'Ii'lmﬂ@ii]wlﬂuﬂllﬂiwﬂﬂﬁﬁiillﬂ’l‘ll’t]x‘iﬂﬁuﬂiQllﬁ”ﬂﬂuﬁuﬂﬂuﬂdiﬂ 2.1

S11 uaz S12 luszuy 50 Qi voltage reflection coefficients MU BTN NS NY 59

‘FuRusiu VSWR n1avudt uaznesnaiugas

VSWR = o+ | Tl [T 21
& ' 3 R a 2| & o w o sa
%9 |T | Flus1vurnues voltage reflection coefficient T l s21 ] Huirdevegueamsugamesy

4

an1z ludenwie (specified bias)

TINPUT — O —— T T —=ouTPuT
§ 1
X B
i 1
% R LINEAR +— a2 % Z
' ) t
b 4
E, b, TWO-PORT —b, NE,
O —O—
#—————— REFERENCE PLANES ————M ;
J
71l 2.1 two-ports S Wis A0y
S11 = Input reflection coefficient = bl/al l a2=0
S22 = Output reflection coefficient = b2/a2 I al=0

S21 Forward transmission coefficient b2/al l a2=0
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S12 = Reverse transmission coefficient = bl/a2 | al=0
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2.1.2 wBgaY NS

-t 4 - (d’ - a a < [ o - o o . [

Tusedmsiinenugiu 3 41 fiefuieiqudnyuzyes used lu nsugmasimdiud A1
toofaandulyldves ueedfnneshlaniamsuddinesSondt NFmin mnudumuaiiouves

- .I T - - “ - :
nswFoaesison Ra uazmidulseaninsaziou vewmadiwiaimnzauson [opt nansionndn
¥
81 uoed winidiapy fugm 4 szl Dope dudnnuddounazdnaiuluzl yuia
»
(magnitude) UAZYN(angle) YOARNTIFOUIIL
» b 4
dniudSine Rn luunaiignuesvealadily quauiRvedufiuau Tnonisdan zo udald

t L4 4 .’: P-1
“o* unuAIussLoa lagiune

p
~

m = Rn/Zo

A1 used Mnnad :NF mildnnaunis
2 2 2

NF = NEmin + 4m{|'s - opt| /(1 - [T's| )|t + Topt)} 2-3

naumstavuidn ussdinines veansugamesdmsuantiz ludmame uazanudee
; (5] @ a « t e a a' o - [ Y o 1 14 ¥
Juagiy Sufuaudvaaunasiuia fussnndmsugaass (['s) didmuan NF Mannsouaasldn
- ] a' " a 14 - 7 “ 4 a a"‘
Aumivoaganuaasmidulyldues Is sefunnauuuaiingnsyn fadivearanay uoud szmuiu

. .' - 4 1 a - a 1 4 .’,
AWA1 NF Aiudiudananauezligndad = 0 1ga [opt uameiigaguinataveisnay NEianua 213a7u
[} ) t .
nawed [ opt igaliyaduinayigaguinatsvssainmsnuazdugaidwmusves [opt
0 [J o Ry " * - -
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Guusmiugnaneziinf muanennuduiutsznin i funssuansaanmosdmiulyTnard

a P v o w da e . Z ¥ o a P2 ' & e q ¥

niuFaaes ol ldpudnvuzvodaswnendiuiududes ludansugnmesdonnszuaivinls
Raigeqaves fr  yaludmezdesegissdunssua (viousedn)  Mivanesemisoatuussduyes
Ty dunmanmsunivenszua asammnes nosnnnuinumsifidaunthudadu

I uFamesnideanisisraunszuamsufuansi livudmswuda wes iMifamsduda ¥
i binsudaees UfiRouuuy ame 1 (Fudu) Badely dnesvoiodfinaulusiaves

o

guuainnldounas sedsannnusenuuules ludaninuga A lude luvasiigunginfoundas

. v

W
a - /aa I J aa L t

pudnyuznwluvenudamesnlnansnudigdoyn 43 ludade AV juaz AP mnw

anfndsznine wa-dlimeivedluInarnsmdmassanasdiumsivquugifidasniszna 2.5 mv/

°c &nszualudmiy (fovbean) nszuanvamnmesztiudiuaung I VE miuday
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quiescent collector current

quiescent emitter voltage Z .
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(uiReIu Sasvuisnszue DC veaniwdaried () mudumumsiuvequugl Ndas
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sz 0.5% AssaruraiBoa

v - ‘ s o fw 1 v a
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Rg =

naaunsiiAP  fandeuriilsmsAsunlaslunszusnsamamesastsd  daufimdoIng

llAR/B1B2l(1 + R, /R,] 2-5
nszuaneamamesi B = B1

Mdgaves B

fAvgagaves

B2-Bi

R 9ty v9e R1uas R2 Tuzees luda
3

L

sonuyuRLfNAedand R, / R, szntunidandiudlindesnszuaneannmestalisunlai

s1hses ludauaaadagy 2.2

g1 2.2 uan299s luda

2.1.4 95 1vEIfi1aIu
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1 132.12
2 134.50
3 136.71
4 138.66
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900 160m 5.12 2.07
950 ,160m 6.18 -0.43
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Philips Semiconductors

NPN 8 GHz wideband transistor

¥

3

Product specification

BFG540W
BFG540W/X; BFG540W/XR

F?’TURES MARKING
» High power gain TYPE NUMBER CODE 4 3
» Low noise figure BFG540W N9 ]
» High transition frequency BFC540W/X N7

» ‘Gold metallization ensures BFGS40W/XR N8

gxcellent reliability.

\ .

L PINNING
APPLICATIONS to2

{ . o PIN DESCRIPTION
T?’:ey are mtendec.! for.apphcatxons in - Top view ussare
the RF front end, in wideband BFGS540W (ses Fig.1)
applications in the GHz range such as
analo igi 2 oyl NN eRleeIr Fig.! SOT343
g and digital cellulzr talephones, 3 5
cérdless telephones (CT2, CT3, as.e
PCN, DECT, etc.), radar detectors, 3 emitter
pagers, satellite television tuners 4 emitter
(JATV), MATVICATV amolifiers and e o owy i eae Fig 1) 3 4
reépeater amplifiers in fibre-optic -
systems. 1 collector
? 2 emitter
DESCRIPTION 3 |base
; >
NPN silicon planar epitaxial 4 S '
transistors in plastic, 4-pin BFGS40W/XR (see Fig.2) j 2 1
diua’l;emltter SOT343 and SOT343R ] Edciar
plac ages. D) emitter Top view 455025
3 base
' — Fig.2 SOT343R.
4 emitter

QUICK REFERENCE DATA

sSYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. i UNIT’i
:Vcso collector-basa voltage open emitter - - 20 |V 1’
:Vcso collector-emitter voltage | open base - - 15 \ |
e collector currant (DC) - - 120 ImA |
Plot | total power dissipation uptoTg=60°C - - £00 } mw |
Neg OC current gain lc=40mA; Vez =8V 60 |120 |250 | |
:C,e feedback capacitance lc=0;Veg=8V;f=1MHz - 0.5 |- ' pF {
Ril | transition frequency lc=d40mMA: Ve =8V, f=1GHz; Tamp =25°C |- 9 - {GHz |
EGUM maximum uniiateral lc =40 mA; Vez =8 V; f = 900 MHZ; Tams = 25 °C |- 16 |- lds
; power gain Ic =40 MA; Vez = 8 V: f = 2 GHZ; Tomg = 25 °C | 10 |- |d8
5112 insertion power gain Ic =40 MA; Vg = 8 V; f = 900 MHZ: Tamp =25°C |14 | 15 - ldB |
F I noise figure | Ts =Mooy Ic = 10MA: Veg = 8 V; f = 2 GHz - j21 |- |48

3

3
‘October 1994
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Philips Semiconductors

Product specification

BFG540wW

BFG540W/X: BFG540W/XR

NPN 9 GHz wideband transistor

LIMITING VALUES
In a{;cordance with the Absolute Maximum Rating System (IEC 134).

| sYmoL] PARAMETER | CONDITIONS | MmN,

| Max, | unr |

[ Vedo | collector-base voltage | open emitter |- | 20 [v —’
}ﬁég | collector-emitter voltage | open base |- [15 [v

V53:o [ emitter-base voitage f open collector ] - ’ 2.5 f \Y
Lo | | collector current (OC) | |- | 120 [ mA
] Po! [ total power dissipation |up to Ty = 60 °C: see Fig.3, note 1 |- | 500 | mw
| Tl | storage temperature ] | -65 | +150 [°C
T | iunction temperature | |- | 150 [eC ]

E

THERMAL CHARACTERISTICS
{ SYMBOL l PARAMETER CONDITIONS VALUE 1 UNlT—}
) Rini's ftherma! resistance from junction to soldering point ,’ Up ta Ts = 80 °C: note 1 180 l K/W‘]

Note to the “Limiting values” and “Thermal characteristics”

1. Tsis the temperature at the soldering point of the collector pin.

.

/;égf’/!-‘ff .
SEENNNERE

o N N

- T;! B f\\ .' ;l

T -
E 50 100 150 7 (°C) 200

Vee g0V,

k

] Fig.3 Power derating curve,

cicbe} i9g4

w



Phili;?s Semiconductors

Product specification

BFG540W

NPN 8 GHz wideband transistor

BFG540W/X; BFG540W/XR

I
CHARACTERISTICS
T; = 25 °C (unless otherwise specified).

SYI\'ABOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
V(aﬁ')cso coilector-base breakdown open emitter; Ic = 10 A ; [g = 0 - - 20 Y
: voltage
V(snr)cao collector-emitter breakdown open base; Ic = 100 pA; Ig = 0 - - 15 Vv
i voltage
Vigrigso | emitter-base breakdown open collector; lg = 10 pA; Ic = 0 - - 2.5 \
voltage
'cso' collector cut-off current open emitter; Veg =8 V; Ig =0 - - 50 nA
| heg " | DC current gain lc =40 MA; Veg = 8 V 60 120 1250
fr ] transition frequency lc=40mA; Veg =8 V: = 1 GHz; - S - GrHz
Tamb =25 °C
Ce! collector capacitance le=ig=0;Veg =8V f=1MHz - 0.9 - pF
Co . emitter capacitance lc=ic=0;Vgg=0.5V:i=1MHz - 2 - pfF
[ Cre feedback capacitance lc=0;Vea=8V:i=1MHz > 0.5 - lpF
GU.\,! maximum unilateral power lc =40 mA:; Vez =8 V;i=200 MHz; | - 16 - dB
i gain; note 1 Tamp = 25 °C
. lc=40mA Vee =8 V; =2 GHz: |- 10 - dB
j Tamp = 25 °C 1
15412 insartion power gain lc'= 40 mA; Veg = 8 V: f = 900 MHz; | 14 15 - dB
' Tamb = 25 °C
F oy noise figure Ts = Topti lo = 10 MA; Ve = 8 V; . 1.8 118 d8
=800 MHz
Ts = Top; Ic = 40 MA; Vez =8 V; - @ |24 |8
f =900 MHz
Ts=Topy lc =10 MA; Veg = 8 V: - 2.1 - daB
: f=2GHz
Pyl output power at 1 d3 gain le =40 mA; Veg = 8 V; f = 900 MHz: | - 21 - dBm
. compression RL =50 Q; Tamg = 25 °C
% lTOi third order intercept point note 2 - 34 - dBm
Vo o output voltage note 3 - 500 - mv
dp ! second order intermodutation | note 4 - -50 - dB
. distortion
Notes- 2
1. éum is the maximum unilaters| power gain, assuming s;z is zero. Gym = 10 log IS'_),]

2. lg =40 mA; Vee=8V,;R. =500Q: Tamp = 25 °C;
900 MHz; fq = 902 MHz; mezasured at ftzp - @) = 898 MHz and f(pq _ o) = 804 MHz.

fh

(T=544]2 (1= ]s55®

3. dim = -60 dB (DIN45004B); Vo = Vo, Vg =V, -6dB; V, = V, -5 d8: RL=75Q; Vez =8 V: Ic = 40 mA;
fo = 795.25 MHz; f, = 803.25 MHz: f. = 805.25 MHz; measured at fiy . q-n = 793.25 MHz.

1. IE =40 mA; Vg = 8 V; V, = 275 mV; Ry =75 Q: Taymp = 25 °C;

£

d
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BFG540wW
BFG540wW/X: BFG540W/XR

!
f\gPN 9 GHz wideband transistor
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VCEE: 8 V.

/ . Fig.4  OC current gain as a function of Fig.5 Feedback capacitance as a function of
I collector current: typical vajues, collector-base voltage; typical valyes.

lc=0:1=1MHz

J
f=1GHZ Ty = 25 °C,
Flcs Transitio feq uency as a function of
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| . . BFG540wW
(\JPN 9 GHz wideband transistor BFG540W/X; BEFG540W/XR

:
f

—

I

D 30 MCHS 10 Mm

§ gain gain

{ (a8) {dB)

20

| ' '
MSW—{ ’ 7~~~ Gmax

Gy —

20

i
10 ’ J S max

1.
i
gl

0 20 30 <0 20 30 49 50
i Ig (ma) Ig (mA)

wy
o
(=]

o

i
it 900 MHz: Vez =3 v. t=2GHz Vez =8 V.

i Fig.7 Gain as a function of collector current; Fig.8 Gain asz function of collector current:

! typical values. typical values.
i

:
f
E

50 MLCO47 MLCO28
5 : —

‘gamn
E
c3)

f

j e ’ ;
L STH\”“\. I
il |
LTI R

10

|

|

! NN
i

10

———f = X

10 102 0% 10* 1 10
8 (k) t (MHz)

Ig:lOmA;VCE=8V. lg:dOmA:VcE=8V.

i
' Fig.9 Cain as a function of frequency; Fig.10 Gain as a function of frequency;
typical values. Lo . typical values.
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Philips Semiconductors

Product specification

i
NPN 9 GHz wideband transistor

BFG540W
BFG540W/X; BFG540W/XR

VEAITI
£ - 20
d!im
(aB)
20
[}
P
i 40 ]
] N
E =50
S50 l ——
' i
| [
BT J '
10 20 30 40 50 80
' ! c {mA)
Va2 500 mV; iy . g = 793.25 MHZ: Vg = 8 V; Tomg = 25 °C;
=751,

Fig.11 Intermodulation distortion as a function
of collector current; typical values.

MEAS7Z
-20 -
da l
{c8) l
-30
-40 \
NEN
~60
=70
10 20 30 40 50 80
lC (mA)

Vo =275 MV; fiy. g = 810 MHZ: Vez = 8 V; Tyme = 25 °C: AL = 75 Q..

Fig.12 Second order intermodulation distortion as a
function of collector current; typical values.

i MLCO49
i 4 ' | N
L i
(a8) P
E ’ 1 y
|
] e °
h = MHz \J\.J ,
! 2 | T /zr | A
/F/,T/{ i
. TTI000 MHZ I T |
) Q00 MHZ [t 111 |
| 1 [~—— 500 MHz ’ i
I i
, i
i 1
POy
| ! 10 icmy '
Vr;g =8V

H . . . Kl .
| i Fig.13 Minimum noise figure as a function of
— . .
- collecior current; typical values.

~
20 MRA730
Cass I
{dB) |
i 1
15 ‘ ‘/' ,
| =500 MHz $2el
1000 MHz (
10 | —
- B L
2000 MHz
5
|
0 2
1 10 I (ma) 10
Veg =8V,

Fig.14 Associated avaiiable gain as z function &f
collector current: typical values,

I
Cclober 1904
¥

~




Product.specification

Philips Semiconductors

BFG540w

BFG540W/X: BFG540W/XR

I;LJPN 9 GHz wideband transistor
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BFG540W

. NP Hz wideband transistc
NPN 9 GHz wideban Aransns or BFG540W/X: BFG540W/XR

/ stability
aQ° circle
/1
+ T 1-0
4-‘1 J |
135° / — 0.8
P + 0.6
unsiable 0.2 >< T 04
r2gion 4 Fmin 1
/ ) +02
° O.,2 R 9.-5.
180°- ot . . 0% +9

e

-135°
o MLCOS! .J. 1.0
I ~20°
; f=900MHZ:VCE=8V;lc=10mA:24=50Q. = .
] Fig.17 Common emitter noise figure circles; typical values.
3
4

[ J————

et

f=2CHz: Veg =8 V:lp = 10mA; Z, =30 Q.

. Fig.18 Common emitier noise figure circles; typical values.
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| | BFG540W
E NPN 9 GHz wideband transistor BFG540W/X; BFG540W/XR

O
4

!

i T1.0
I

l T 0.8

I + 06

3 Lo

! - + 0.2

: o S oy -5t

3

E

]

t

1

]

!

E ~1.0

-gbo
) Vez=8Viig=<¢0mA; Z,=50 Q.

Fig.18 Common emitter input reflection coefficient {s11); typical vaiues.

Su Av[ 169

e — ...}.mr,..,__

B i S0 S S

e w

Veg=8Vile =40 ma

Fig.20 Common emitter forward transmission coefiicient (s.4); tvpical values.
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E | o ’ BFG540wW
{NPN 9 GHz wideband transistor BFGS4OW/X BFG540W/XR

S o=z 022Lby T

180° |

- g0 MLCOS5

T TR W——— TR S o e —

<

cz=8V, e =40 mA.

£ig.21 Common emitter reverse rrznsmission coefficient (s12); typical values.

e T am] . e

S+ 0p 50~y

—
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~ o
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e e
A b —
o

o

_,350

_450

aecoss Ly g
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P
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|

I

Fig.22 Common emitter Outpbut re! zction coefficient (s22); typical values. '
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r\EJPN 9 GHz wideband transistor
{

BFG540W
BFG540W/X; BFG540W/XR

¥
I

SPICE parameters for the BFG540W crystal

sgéUENCE No. | PARAMETER | VALUE | UNIT SEQUENCE No. | PARAMETER | VALUE | UNIT
11 IS 1.045 |fA 3 M VJs 7500 lmv
2 BF 1843 |- 37 M MJS 0.000 |-
34 NF 0.981 |- 38 FC 0.814 |-
4, VAF 4169 |V Note
5 " IKF 1000 mA 1. These parameters have not besn extracted, the
8 ISe 2324 A default vaiues are shown.
7! NE 2.028 |-
8 | BR 4399 |-
9. NR 0992 |- Cco
10, VAR 2.097 |v N
i IKR 166.2 |mA U Lg 0
12 ISC 129.8 [aA P~ =F N\ e
13, NC 1.084 |- Gl £ L
14} R8 5.000 |Q
15! IRB 1.000 |uA }LE
1 _ M3CTe
{16! RBM 5000 |Q
117 RE 3535 |mQ ?U
l18* RC 1.340 |0 °
19,1 XTB 0.000 |- p
201 EG 1110 jev QLg = 50: QLz = 50; Ol £(f) = Ola e¥(1A.)
21:(1) XTIl 3.000 A f¢ = scaling frequency = 1 GHz.
=2 = 1975 [ Fig.23 Package equivalent circuit SOT343
23 VJE 600.0 mv 1q. S(a)cir;fse‘{quxva entcircut | N
24 [MJE 0332 |-
2st TF 7.457  |ps .
| 26f = Y g List of components (see Fig.23).
27 VTE 3.158 |V DESIGNATION VALUE UNIT
28! ITF 156.9 |mA Cre 70 tF
ple! PTF 0.000 |deg Ce 50 fF
t30! cJC 7937 |fF Cee 115 fF
| 31 vJC 1855 |mV L1 0.34 nH
|32 MJC 0.084 |- L2 0.10 nH
| 33 XCJC l0.150 |- L3 0.25 nH
£ 34 TR 11588 |ns La 0.40 nH
. 35,0 cJs lo.o00 |F Lz 0.40 nH
;
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’ | | BFG540W
NFE’N 9 GHz wideband transistor BFG540W/X: BEG540W/XR

¥
;‘/o.CKEAGE OUTLINES

| T
i ; 1.00 .
! | max
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| | ] —
] i
i | |
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Iy
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| Fig.24 SOT343.
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e
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t
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' | | BEG540W
NPN 9 GHz wideband transistor BFG540W/X; BFG540W/XR

3

DEF|NITIONS

Data Sheet Status

Obj'@ctive specification [This data sheet contains target or goal specifications for product development.
Prefiminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limfting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress.above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of tt:e device at these or at any other conditions above those given in the Characteristics sections of the specification

is not implied. Exposure to limiting values for extended periods may affect device reliability.

-
Application information

Where application information is given, it is advisory and does not form part of the specification.

3

LIFESUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
prodlicts can reasonably be expected to result in personal injury. Philips customers using or selling these products for.
use in such applications do so at their own risk and agree to fully indemnify Phiiips for any damages' resulting from such
improper usa or sale.

v
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Dual Modulus Prescaler

The MC12015, MC12016 and MC12017 are dual modulus prescalers
which will drive divide by 32 and 33, 40 and 41, and 64 and &5,
respectively. An internal regulator is provided to allow these devices to be
used over a wide range of power—supply voltages. The devices may be
operated by applying a supply voltage of 5.0Vdc +10% at Pin 7, or by
applying an unregulated voltage source from 5.5Vd¢ to 9.5Vdc to Pin 8.

s 225MHz Toggle Frequency

¢ Low—Power 7.5mA Maximum at 6.8V

« Control Input and Qutput Are Compatible With Standard CMOS
¢ Connecting Pins 2 and 3 Allows Driving One TTL Load

* Supply Voltage 4.5V to 8.5V

MAXIMUM RATINGS

Symbol Characteristic Range Unit
Vrag Regulated Voltage, Pin 7 8.0 Vde
vee Power Supply Voltage, Pin 8 10.0 Vde
TA Operating Temperature Range -40 to +85 °C
Tstg Storage Temperature Range -8510 +175 °C

ELECTRICAL CHARACTERISTICS (VcC = 5.5109.5V: Vygg=4.510
5.5V; T4 = —40 to +85°C)

MC12015
MC12016
MC12017

MECL PLL COMPONENTS

DUAL MODULUS
PRESCALER

3 P SUFFIX
PLASTIC PACKAGE
) CASE 626-05

0 SUFFIX
PLASTIC SOIC PACKAGE 8

CASE 751-05 1

Symbol Characteristic Min Typ Max Unit
{max Toggle Frequency 225 MHz
fmin (Sine Wave input) 35
Icc Supply Current 6.0 7.8 mA
ViH Control Input HIGH 2.0 v
(+32, 40 or 64)
ViL Controt! Input LOW 0.8 v
(+33:41 or 65)
VoH Output Voltage HIGH1 25 v
(lsource = SORA)
VoL Output Voitage LOW 0.5 v
(Isink = 2mA)
Vin {nput Voltage Sensitivity mVpp
35MHz | 400 ’ 800
50~225MHz | 200 800
tpLL PLL Response Time toutr70 ns
{Notes 2 and 3)
1. Pin 2 connected to Pin 3

2. tpyL = the period of time the PLL has from the prescaler rising output tranistion
(50%) to the modulus control input edge transition (50%):to ensure proper
modulus sslection .

3. tout = period of output waveform

w3

PRESCALER BLOCK DIAGRAM

Control
Input g _—FgFy - A
e,

T
|
!

1
. 0.001uF
Signai E 5
WIS ] e
Signai 1/ 6 | Output
GND N {

0.001F]

= |

- Vieg

A
IO.W.F[

!
vee Voltage
g || Requiator

0.1uF
TowL—J J

1. Vraqat Pin 7 is not quarantaed to be between 4.5 and
5.5V when Vg is being applied to Fin 8

2. Pin71s not to be used as a source of requtated output
voftage .

© Motorota, Inc. 1996 . 19
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Balanced Modulators/
Demoadulators

These devices were designed for use where the output voltage is a
product of an input valtage (signal) and a switching function (carrier). Typical
applications include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Applxcatlon Note ANS31 for additional design
information.

o Excellent Camer Suppression —6:: dB typ € 0.5 MHz
-50 dB typ € 10 MHz

e Adjustable Gain and Signal Handling

e Balanced Inputs and Qutputs

® High Common Mode Rejection -85 dB typical

This device contains 8 active transisiors.

MC1496, B’

BALANCED
MODULATORS/DEMODULATORS

SEMICONDUCTOR
TECHNICAL DATA

Emﬁiﬁﬁ?

"g Figure 1. Suppressed

m!lﬁktﬁiuﬁhu A A Y

Waveform

D SUFFIX
PLASTIC PACKAGE

e

)
Y‘ CASE 751A
14 (SO-14)

u@

1

P SUFFIX
PLASTIC PACKAGE
CASE 646

PIN CONNECTIONS

Sigral Input E - E VEE
Gain Adjust [ 2 [13] e
Gain Adust [ 3 [12] Outout
Signal Input [ 4] [11] ne
Bias E E Carrier Input
Outpr { 6| B
NC E 4 E Input Camer

ORDERING INFORMATION

Operating
Device Temperature Range Package

A
i

Figure 2. Suppr
Carrier Spectrum

%’{ﬂ}{g‘{ﬂx{g T
‘ Waveform ~
\/

MC14960 . SO-14

T =0°C to +70°C
MC1486P Plasdc DIP

MC14968P | Ta =—$0°C to +125°C| Plastic DIP

Figure 4. Amplitude-Modulation Spectrum
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MAXIMUM RATINGS (T4 = 25:C, unless otherwise noted.)

Rating Symbel | Value ,T Unit

Applied Voltage v 30 Vde

(V6 -V8, V10 -V1,v12-Vg, Vi2 - V10, v8 - va,

V8~-V1,V10-Vv4, v6 - V10, V2 — VS, ¥3-V5)
Ditferential Input Signal v8 - V10 +5.0 Vdc
- V4-Vi | 5415R,)

Maximum Bias Current Is 10 mA
Thermal Resistance, Junction—to~Air Raua 100 ‘W

Plastic Dual In-Line Package
Operating Temperature Range TA Oto +70 *C
Storage Temperature Range ) Tstg —53to +150 °C

-NOTE: ESD data avadable uoon request,

ELECTRICAL CHARACTERISTICS (Ve = 12 Ve, Veg = -8.0 Ve, IS = 1.0 mAdc, AL=3.9 KL Re

all input and output characteristics are single—ended. unless otherwise noted.)

= 1.0k, Ta = Tigw to Thign,

Characteristic Fig. Note Symbol Min Typ Max Unit
Carrier Feedthrough S 1 VCFT pVms
V¢ = 60 mVrms sine wave and fc=1.0kHz - 40 -
offset adjusted to zero IC =10 MHz - 140 -
V¢ = 300 mVpp square wave: mVrms
offset adjusted to zero fc = 1.0kHz - 0.04 0.4
offset not adjusted fc=10kHz S 20 200
Carrier Suppression 5 2 vVcs dag
Ig = 10 kHz. 300 mVrms
fC = 500 kHz. 60 mVrms sine wave 40 65 -
fc = 10 MHz, 60 mVrms sine wave - 50 - k
Transadrnttance Bandwidth (Magnitude) (Ry_= 50 Q) 8 8 BWaqgg MHz
Camer Input Port. VG = 60 mVrms sine wave - 300 -
fg = 1.0 kHz. 300 mVrms sine wave
Signal Input Port. Vg = 300 mVrms sine wave - 80 -
Vel = 0.5 Vde
Signal Gain (Vg = 100 mVms. f = 1.0 kHz: 1Vel= 0.5 Vde) 10 3 Ayg. ..f. 25 3.5 - vV
Single~Ended Input Impedance. Signal Port, f = 5.0 MHz 6 - -
Paraile! Input Resistance fip - 200 - Q
Parailel Input Capacitance Cip - 2.0 - pF
Single—Ended Qutput Impedance, { = 10 MHz <] - -
Parallel Output Resistance fop - - 40 - kQ
Parallel Qutput Capactance - Coo - 5.0 - pF
Input Bias Current 7 - LA
[ - 12 30
n_+ 14, _18+ 1o bS
lbs =551 log == lbe - | 12 | 30
input Offset Current 7 ~ HA
lios = 11-14; liges = 18110 liog ! - 07 | 70
doc! - 07 | 70
Average Temperatura Coetficient of Input Offset Current 7 - “ TCyin ! . - 2.0 - nAPC
(Ta = =55°C 10 +125°C} o - : coe
Output Offsat Current (16-19) 7 - lgo | - 14 80 pA
Averagsi Temperatura Coefficient of Qutput Oﬂ;set:'Cunent 7 - {TCloo! .| - 20 - nAFC
(TA-= —65°C 1o +125:C]. R :
Common-Mode Input Swing; Signal Port,"fg = 1:0 kHz ] 4 CcMV - 5.0 - " Vpp
Common-Mode Galn, Signat Port, IS = 1.0 kHZ: IVgi= 0.5 Vde 9 - - ACM-"_ | - -85 - a8
Common~Made Quiescent Qutput Voltage (Piri.6 or Pin 9) 10 - Vout - 8.0 - Vpp
Diiferential Qutput Voltage Swing Capability 10 - : Vout - [ 8.0 - Vpp
PowerSupply Current - 16 +112 ) a2 7 6 . lec - 2.0 4.0 mAde
T [ P - TLoe. T T g - 3.0 5.0 -
OC Power Dissipation - 7 3 - =-Pp- - 33 - mw

846 - -~
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GENERAL OPERATING INFORMATION

Carrier Feedthrough

Carrier feedthrough is defined as the output voitage at
carfer frequency with only the carrier applied (signal
voltage = 0).

Carrier null is achieved by balancing the currents in the
differential amplifier by means of a bias trim potentiometer

(R1 of Figure 5).

Carrier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and signal
voltage levels specified.

Carrier suppression is very dependent on carrer input
level, as shown in Figure 22. A low value of the carrier does
not fully switch the upper switching -devices, and results in
lower signal gain, hence lower carrier suppression. A higher
than optimum carrier level results in unnecessary device and
circuit carrier feedthrough, which again degenerates the
suppression figure. The MC1496 has been characterized
with a 60 mVrms sinewave carrier input signal. This levei
provides optimum carrier suppression at carrier frequencies
in the vicinity of 500 kHz, and is generally recommended for
balanced modulator applications.

Carmier feedthrough is independent of signal level, Vs.
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
must be maintained in the signal—input transistor pair — or
harmonics of the modulating signal will be generated and
appear in the device output as spurious sidebands of the
suppressed carrier. This requirement places an upper fimit on
input-signal amplitude (see Figure 20). Note also that an
optimum carrier level is recommended in Figure 22 for good
carrier suppression and minimum spurious sideband
generation. -

At higher frequencies circuit layout is very important in
order to minimize carrier feedthrough. Shielding may be
necessary in order to prevent capacitive coupling between
the carrier input Jeads and the output leads.

Signal Gain and Maximum Input Levei
Signal gain (single—ended) at low frequencies is deﬁned
as the voltage gain,
Vo _ AL _26mv
Vs T Vg T Roterg where fe = igimay
A constant dc potential is applied to the carrier input terminais
to fully switch two of the upper transistors “on” and two
transistors “off” (VG = 0.5 Vdc). This in effect forms a cascode
differential amplifier.
Linear operation requires that the signal input be below a
critical value determined by Rg and the bias current I5..

S 15 R (Volts peak)

A

Note that in the test circuit of Figure 10, Vg commesponds to a
maximum value of 1.0 V peak. -

Common Mode Swing

The common—mode swing is the voltage which may be
applied to both bases of the signal differential amplifier,
without saturating the current sources or without saturating
the differential amplifier itsef by swinging it into the upper

switching devices. This swing is variable depending on the
particular circuit and biasing conditions chosen.

Power Dissipation i

Power dissipation, Pp, within the integrated circuit package
should be calcutated as the.summation of the vohage—current
products. at each port, i.e. assuming V12 = V6,15 = 16 = 112
and ignoring base current, Pp =2 1S (V6 - V14) + 15)
V5 - V14 where subscripts refer to pin numbers.

Design Equations

The following is a partial list of design equations needed to
operate the circuit with other supply voltages and input
conditions.

A. Operating Current
The internal bias currents are set by the conditions at Pin S.

Assume:
15=16=112,

Ig < < I for all transistors

where: RS is the resistor between
Pin 5 and ground
$=0.75 at Tp = +25°C

The MC1496 has been characterized for the condition
I5 = 1.0 mA and is th2 generally recommended value.

B. Common—Mode Quiescent Qutput Voltage
V6 =V12=V+~I5 Ry

V--o
RS = 5 -500 Q

Biasing
The MC1496 requires three dc bias voltage levels which
must be set externally. Guidelines for setting up these three
levels include maintaining at least 2.0 V collector—-base bias
on all transistors while not exceeding the voitages given in
the absolute maximum rating tabie:
30 Vde = {{V6, V12) - (V8, V10)] =z 2 Vde~
30 Vde = [(V8, V10) ~ (V1, V4)] 2 2.7 Vdc
30 Vde = {(V1, V4) - (V5)] = 2.7 Vde
The foregoing conditions are based on the following
approximations:
V6 =V12, V8 = V10, V1 = V4
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor
base currents and can normally be neglected if extemal bias
dividers are designed to carry 1.0 mA or more.
Transadmittance Bandwidth
Carrier transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
io (each sideband)
121C s (signal)
Signal transadmmance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
_ ig (signal)
1218 7 v (signal)

0=0

ch =05 Vdc, Vg =0

MOTOROLA ANALOG IC DEVICE DATA
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Coupling and Bypass Capacitors
Capacitors C1 and C2 (Figure 5) should be selected fora
reactance of less than 5.0 Q at the carrier frequency.

Output Signal .

The output signal is taken from Pins 6 and 12 either
balanced or single~ended. Figure 11 shows the output levels
of each of the two output sidebands resutting from variations
i both the camier and modulating signal inputs with a
single—ended output connection. )

Negative Supply

VEE should be dc only. The insertion of an RF choke in
series with VEg can enhance the stability of the intemal
current sources.

Signal Port Stability
Under certain values of driving source impedance,
oscillation may occur. In this event, an RC ‘suppréssion
network should be connected directly to each input ‘using
short leads. This will reduce the Q of the source—tuned
circuits that cause the oscillation. i}
Signal I A
Preiamy © Mg

]

10pF

1”——)

An aitemate method for low—frequency applications is to
insert g 1.0 kQ resistor in series with the input (Pins 1, 4). In
this case input current drift may cause serious degradation of
carrier suppression.

TEST CIRCUITS

Figure 5. Carrier Rejection and Suppression

1.0k

<
C
Carler 2
Input 0'1\{'”:
Vg 3!
Vs
Modulating
Signal Input 10k
Figure 7. Bias and Offset Currents
Vec -
12 ydc
Re =10k
10k \ .
7N 2 s § 20
B 10| -—
1.0k . Mc1ag6 (6 19
[ N e S———
12
14 45
Hito ‘%6.8 K
-8.0Vde~ -
Veg

Figure 6. Input-Output Impedance

Rg=1.0k R

2 3

Mc1496 |6

14 5

~4.0Vde

NOTE: Shielding of input and output leads may be needed
to property perform these tests. = -

Figure 8. Transconductance Bandwidth

v
10k 1.0k ’ 12%&
L -
= l Ry éz.o K
St o4 10k . 0.01
Cartier . qu?\ 8 299 50350 T wF
Input  0.1pF -———o._10 ¢ Tv
Vo o=} M —o +
vC > 1] MCi4g6 |6 D
'S ! 3 — -V,
Modulating 12
Saallogt 08 toki 1 3s1 4Ta &3
S0k L is.s K
\ad =
o 3
~80Vde
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Figure 9. Common Mode Gain
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Figure 10. Signal Gain and Qutput Swing
Vee
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TYPICAL CHARACTERISTICS

Typical characteristics were obtained with circuit shown in Figure 5, f = 500 kHz (sine wave),
Vg = 60 mvrms, ig = 1.0 kHz, Vg = 300 mVmms, Ta = 25°C, unless otherwise noted.

Figure 11. Sideband OQutput versus

Figure 12. Signal—Port Parallel-Equivalent
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Figure 13. Signai~Port Parailel-Equivalent - Figure 14. Single—Ended Output Impedance
Input Capacitance versus Frequency versus Frequency
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' TYPICAL CHARACTERISTICS (continued)

Typical characteristics were obtained with circuit shown in

Fxéure S, Ig = 500 kHz (sine wave),

Ve = 60 mVms, {g = 1.0 kHz, Vg =300 mVmns, Ty = 25°C, unless otherwise noted.

Figure 15. Sideband and Signal Port
Transadmittances versus Frequency

Figure 16. Carrier Suppression
versus Temperature
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Figure 21. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency-  ---
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OPERATIONS INFORMATION

The MC1496, a monolithic balanced modulator circuit, is
shown in Figure 23.

This circuit consists of an upper quad differential amplifier
driven by a standard differential amplifier with dual current
sources. The output collectors are cross—coupled so that
full-wave balanced multiplication of the two input voltages
occurs. That is, the output signal is a constant times' the
product of the two input signals.

Mathematical analysis of linear ac signal muttiplication
indicates that the cutput spectrum will consist of only the sum
and difference of the two input frequencies. Thus, the device
may be used as a balanced modulator, doubly balanced mixer,
product detector, frequency doubler, and other applications
requiring these partcular output signal characteristics.

The lower differential amplifier has its' emitters connected
to the package pins so that an external emitter resistance
may be used. Also, extemnal load resistors are employed at
the device output.

Signal Levels
The upper quad differential amplifier may be operated
either in a linear or a saturated mode. The lower differéntial
amplifier is operated in a linear mode for most applications.
For low-Jevel operation at both input ports, the output
signal will contain sum and difference frequency components

Figure 23. Circuit Schematic

1
—0 V,
o 2

- v
— Gurput
P NIV RN

Camgv‘M—y—’r}: -

Co
Input 3 () ] R . _
4 () [ VR & '2

Signal y, Sc y Gain-
nput <1 {4) -a
B 3 Adjust
Bias 5 ¢ ~
Y ! - TN {Pin numbers
003 50 500 perG package)
Veg14© . -

and have an amplitude which is a function of the product of
the input signal amplitudes.

For high—level operation at the carrier input port and linear
operation at the modulating signal port, the output signal will
contain sum and difference frequency components of the
modulating signal frequency and the fundamental and odd
harmonics cf the carrier frequency. The output amplitude will
be a constant times the modulating signal amplitude. Any
amplitude variations in the carrier signal will not appear in the
output.

The linear signal handling capabilities of a differential
amplifier are well defined. With no emitter degeneration, the
maximum input voltage for linear operation is approximately
25 mV peak. Since the upper differential amplifier has its
emitters internally ccnnected, this voltage "applies to the
carrier input port for all conditions.  _.

Since the lower differential amplifier has prowsxons for an
external emitter resistance, its linear signal handling range
may be adjusted by the user. The maximum input voltage for
linear operation may be approximated from the following
expression:

V = (I5) (Rg) volts peak.

This expression may be used to compute the minimum

value of RE for a given input voltage amplitude.

Figure 24. Typical Moduliator Circuit
1.0k 10k ® 12Vdc

v

f v ! PR -
,  _0ipF R A
_]_ 51 T 20 R 10k$3 39K 39k

o 014 LT o84 He_sv,
Carter'C }—o———o—— |
| lﬂ O] '
M Vs |- - 4 [,
Modulating . . [o—*e-Y,
Signal mké 10k
Input i sox
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Figure 25, Voitage Gain and Output Frequencies

Carrier Input Signal (V) Approximate Voltage Gain [ Qutput éignal Frequency(s)
Low-{evel do HL Vc f)
ow—eve Y M
2Rg + 2rg) (%)
High—level d s f
igh-level dc m M
RL VC(n'ns)
Low-level ac — fcxim
272 ('f}-l) (R + 2ry) c
, 0.637 R, ~
High~level ac e IC =t 3tc 2y, St =M. .
g+ 2

NOTES: 1. Low-level Modulating Signal, VM. assumed in all cases. V¢ is Carrier Input Vottage.

2. When the output signal contains muttiple frequences, the gain expression given 1s for the outout amplitude of
each of the two desired outputs, Ic+hgandic-h,.

3. All gain expressions ars for a single—ended output For a differential output connection, muttiply each
expression by two,
4. A = Load resistance.
5. Rg = Emter resistance between Pins 2 and 3.
6. rg = Transistor dynamic emitter resistance, at 25°C;
26 mv
15 (mA)
7. K = Botzmann’s Constant, T = temperature in degrees Kelvin, q = the charge on an electron.

=

_PE_T' = 26 mV at rcem temperature

The gain from the modulating signai input port to the
output is the MC1496 gain parameter which is most often of
interest to the designer. This gain has significance only when
the lower differential amplifier is operated in a linear mode.
but this includes most applications of the device., L

As praviously mentioned, the upper quad differential
amplifier may be operated either in a linear or a saturated
mode. Approximate gain expressions have been developed
for the MC1496 for a low—level medulating signat input and
the following carrier input conditions:

1) Low—level dc

2) High—level dc

3) Low—level ac

4) High—leve! ac

These gains are summarized in Figure 25, along with the
frequency components contained in the output signal.

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the
basic application of the MC1455. The suggestea circuit for
this application is shown on the front page of this data sheet.

In some applications, it may be necessary o operate the
MC1496 with a single dc supply voltage instead of duai
supplies. Figure 26 shows a balanced modulator designed
for aperation with a single 12 Vde supply. Performance of this
circuit is similar to that of the dual supply modutator.

AM Modulator

The circuit shown in Figure 27 may be used as an
amplitude modulator with a minor modification.

All that is required to shift from suppressed carrier to AM
operation is to adjust the carrier null potentiometer for the
‘Proper amount of carrier insertion in the output signal.

Howaever, the Suppressed carrier nuil circuitry as shown in
Figure 27 does not have sufficient adjustment rangs.
Therefore, the moduiator may bemodified for AM operation
by changing two resistor values in the null circuit as shown in
Figure 28.

Product Detector -
” The MC1496 makes an excellent SS8B product detector
(see Figure 29).

This product detector has a sensitivity of 3.0 microvolts
and a dynamic range of 20 dB when operating at an
intermediate frequency of 9.0 MHz.

The detector is broadband for the entire high frequency
range. For operation at very low intermediate frequencies
down to 50 kHz the 0.1 uF capacitors on Pins 8 and 10
should be increased to 1.0 #F. Also, the output filter at Pin 12
can be tailored to a specific intermediate frequency and audio
amplifier input impedanca. '

As in all applications of the MC1 496, the emitter resistance
between Pins 2 and 3 may be increased.or decreased 1o
adjust circuit gain, sensitivity, and dynamic range.-

This circuit may also be used as an AM detactor by
introducing carrier signal at the carrier input and an AM signal
at the SSB input.

The carrier signal may be derived from the intermediate
trequency signal or generated locally. The carrier signat may
be introduced with or without modulation, provided its level is
sufficiently high to saturate the upper quad differential

MOTOROLA ANALOG IC DEVICE DATA
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amplifier. If the carrier signal is modulated, a 300 mVrms
input level is recommended.
Doubly Balanced Mixer

The MC1496 may be used as a doubly balanced mixer

with either broadband or tuned narrow band input and output
networks.

The local oscillator signal is introduced at the carrier input

port with a recommended amplitude of 100 mVrms.

Figure 30 shows a mixer with a broadband input and a
tuned output.
Frequency Doubler

The MC1496 will operate as a frequency doubler by
introducing the same frequency at both input ports.

Figures 31 and 32 show a broadband.frequency doubler
and a tuned output very high frequency (VHF} doubler,
respectively.

Phase Detection and FM Detection

The MC1496 will function as a phase detector. High—level
input signals are introduced at both inputs. When both inputs
are at the same frequency the MC1496 will delfiver an output
which is a function of the phase difference between the two
input signals.

An FM detector may be constructed by using the phase.
detector principle. A tuned circuit is added at one of the inputs
to cause the two input signals to vary in phase as a function
of frequency. The MC1496 will then provide an output which
is a function of the input signal frequency.

TYPICAL APPLICATIONS

Figure 26. Balanced Modulator
{12 Vdc Single Supply)

0S8

1
Camer inout -
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N 100uf
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Figure 27. Balanced Modutator—Demodulator
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Figure 29. Product Detector
(12 Vdc Single Supply)

MOTOROLA ANALOG IC DEVICE DATA

8-53




——— ——

o ——

-

o e

ot — - —

— ———

- e

= e o

MC1496, B .
Figure 30. Doubly Balanced Mixer
(Broadband Inputs, 9.0 MHz Tuned Qutput) Figure 31. Low—Frequency Doubler
Vee
[}
Ak L S 3 +- 3 12V
¥ 001 * R 100uF
LoooryF | T e S 10k T s5vae o
local L 29 30" L oo ) - z£ 3$ a9k
Oscllator = $ 54 J)s_ ' 10k 33k
Input " 3 : c2
*~—! X —e
100 mVrms 0.001uF 1| MC1496 0.001 uF 100 uF Output
RF Input 4 35uF  9.0MH: g’}sp:“v"n: 15 Ve Max
10k 127, u 10 0uwpa 15 pvms —
51 o l1a 5. i’y 4 R =5Q
10k 31 5.0-80 {[
£ | S0k | L+ pFL L30-480pF 18] 3
: Rl Adiust go8k S : 10k 10k $100 $100
30 vde S0k
f 68k
L1 = 44 Tums AWG No. 28 Enameled Wire, Wound ! = I5
on Micrometals Type 445 Toroid Core. Balance T Ve =
® 86 vae
Figure 32. 150 to 300 MHz Doubler
vee
1.0k 1 ;EAk ‘ v+ ’ +8.0Vde
i - =1ay L
J_ 0'00;1 T 18 pF
= 0001 H'E =
1: ¢ Rrc L1
100 F\H 18 nH
LO-10pF 300 MHz
i Output
A =500
I 1.0-10pF
L1 =1 Tum AWG
Balance Ver No. 18 Wire, 7/327 1D
-3.0Vde
4
s -
g o
vty > »
- - 2L &3 a2 B
= = ,, = - i‘ T‘ g & b
Frequency —————g Balanced Modutator Specrum
DEFINITIONS
‘Cc Canmier Fundamentat fctnlg  Fundamental Camier Sideband Hammonics
fg Modulating Signat nfc Camier Hamonics
fc=lg Fundamental Carrier Sidebands nfc =ntg  Carier Harmonic Sidebands
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Parallel-Input PLL Frequency

Synthesizer
Interfaces with Dual-Modulus Prescalers

The MC145152-2 is programmed by sixteen parallel inputs for the N and A
counters and three input lines for the R counter. The device features consist of
a reference oscillator, selectable—reference divider, two—output phase detector,
10-bit programmable divide-by-N counter, and 6-bit programmable + A
counter.

The MC145152-2 is an imiproved—performance drop—in replacement for the
MC145152-1. 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
« 3.0t0 9.0 V Supply Range

» On- or Off-Chip Reference Oscillator Operation

+ Lock Detect Signal

MC145152-2

P SUFFIX
PLASTIC DIP
CASE 710

M DW SUFFIX
zs\ 7= SOG PACKAGE
1

CASE 751F

ORDERING INFORMATION

MC145152P2 Plastic DIP
MC1451520W2  SOQ Package

PIN ASSIGNMENT

+ Dual Modulus/Parallel Programming bl 1o 28 0o
. " £ 58,5
| Ife it e e i\ % A e @ posc,
+ Chip Complexity: 8000 FETs or 2000 Equivalent Gates voo (3 26 ) OSCou
« See Application Note AN9EO Raol 4 235 a4
Rarll's 24 [ A3
raz2( 6 200
orl{7 242
oyl 8 21 a1
mcls 20 P no
a5l 10 19 I N8
vo g i 18 J N7
B N1 (12 17 O N
N2 13 16 I ns
N3 14 15 J Na
REV 1 ’
895
MC145151-2 through MC145158-2 MOTOROLA

2-632 .



e e

[ —

MC145152-2 BLOCK DIAGRAM

AA2
RA1 12x 8 ROM REFERENCE DECODER
0SCoug RAQ
can y !2
. LCCK .
0SCqy 12-8(T + R CCUNTER - DETECT Lo
f MC
CONTROL PHASE ov
[—— LOGIC CETECTOR .. oR
fin l
6-BIT + A COUNTER 10-8IT + NCCUNTER

L TTTTT
A AR A

NOTE: NO — N9, A0 - AS, and RAO — RA2 have pull-up resistors that are not shown.

PIN DESCRIPTIONS ]
INPUT PINS
fin
Frequency Input (Pin 1)

Input to the positive edge triggered + N and + A-counters.
fin is typically derived from a dual-modulus prescaler and is
ac coupled into the device. For larger amplitude signals
(standard CMOS logic levels) dc coupling may be used. -

RAQ, RA1, RA2
Reterence Address Inputs (Pins 4, 5, 6)

These three inputs establish a code defining one of eight

possible divide values:for the total reference divider. The-

oy

total reference divide Values are as foilows:

Reference Address Code Total
Divide-
- RAO Value

- —RA2

o]
>
-

0
64
128
256

512
1024 #¥
1160
2048

= =000
- 00 ~—w00o
N = RN ST S

NO - N9
N Counter Programming Inputs (Pins 11 - 20)

The N inputs provide the data that is preset into the + N
counter when it reaches the count of 0. NO is the least signifi-
cant digit and N9 is the most significant. Pull-up resistors en-
sure that inputs left open remain at a logic 1 and require only
a SPST switch to alter data to the zero state.

AQ - AS
A Counter Programming Inputs
(Pins 23, 21, 22, 24, 25, 10)
The A inputs define the number of clock cycles of fin that
require a logic 0 on the MC output (see Dual-Modulus

8 -

Prescaling section). The A inputs ail have intermnal pull-up
resistors that ensure that inputs left open will remain at a
logic 1.

0SCin, OSCout
Reference Osciilator input/Output (Pins 27, 26)

These pins form an on—chip reference oscillator when con-
nected to temminals of an extenal paratlel resonant crystal,
Frequency sating capacitors of appropriate value must be
connected from OSCip to ground and OSCqy to ground.
OS8Cin may also serve as the input for an externally—gener-
ated reference signal. This signal is typically ac coupled to
OSCip, but for larger ampiitude signais (standard CMOS
logic levels) de coupling may also be used. In the external
refergnce mode, no connection is required to OSCoyt.

OUTPUT PINS

= °R1 QV

Phase Detector 8 Outputs (Pins 7, 8) T

These phase detector outputs can be combined externally
for a loop~errer signal.

If the fréquenc.y fy is greater than fR or if the phase of fy is
leading, then esror information is provided by oy pulsing low.
$R remains essentially high.

If the frequency fy is less than fR or if the phase of fy is
lagging, then error information is provided by 4R pulsing iow.
¢y remains essentiaily high.

It the frequency of fy = IR and both are in phase, then both
$V anc §R remain high except for a small minimum time
period when both puise low in phase.

MC
Duai-Moduius Prescale Controf Output (Pin 9)

Signal generated by the on—chip control logic circuitry for
controlling an external dual-modulus prescaler. The MC
level will be low at the beginning of a count cycle and will
remain low untl the + A counter has counted down from its
programmed value. At this time, MC goes high and remains
high until the ~ N counter has counted the rest of the way
down from its programmed value (N — A additional counts
since both ~ N and +~ A are counting down during the first

MoToROLA

MC145151=2 through MC145158-2
2-633°
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MC14515X-2 FAMILY. CHARACTERISTICS AND DESCRIPTIONS T

MAXIMUM RATINGS®* (Vottages Raferenced to Vss) RIS
. These devices contain protection circuitry to°.
Symboi Parameter Vaiue Unit protect against damage due to high static-
Voo OC Supply Voitage -051i+ 10.0 v voltages or electric fields. However, precau-
Vin, Vout | Input crs ?I:J:plgxgnage (DC or Transient) -05tlVpp+05( v :ggg:u::g?e‘fku::ntc::::jrip‘rlactae?r\:zl‘:;;::
except N to these high—impedance circuits. For proper
Vout | Output Voitage (OC or Transient), ~051t0+ 15 v operation, Vi and Vet should be constrained
SW1, SW2 (Rputiyp = 4.7 kQ) o the range- Vgg S (Vin of- Vo)< Vpp
- except for SW1 and SW2,
i lout Input'or Qutput Current (DC or Transient), %10 mA SW1 and SW2 can be tied through externa
per Pin resistors to voltages as high as 15 V, indepen-
+ dent of the supply voitage.r- :
'00.I5s | Supply Current, Vop or Vss Pins 23 i Unused inputs must always be tied to an
Pp Power Dissipation, per Packaget 500 mw appropriatelogic voltage level (e.g., eitherVgg
Ts(g Storage Temperature ~6510+ 150 . ) orVpp), exceptforinputs with pull-up devices.
Unused outputs must be left open,
T Lead Temperature, 1 mm from Case for 260 °C
10 seconds

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics
tables or Pin Descnptions section.
tPower Dissipation Temperawre Derating:
Plastic DIP: - 12 mW/°C from 65 to 85°C
SOG Package: - 7 mW/ C from 65 to 85°C \ .

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

L T L S

B ]

L S .

Voo -40°C 25°C 85°C ;
Symbal Parameter Test Condition v Min Max | Min {-.Max | Min. | Max Unit-
Voo Power Supply Voltage - 3 Q 3 9 3 9 v
Range
lgs Oynamic Supply Current | fin = OSGin = 10 MHz. 3 - a3 - 3 — 3 mA
1V p~p ac coupled sine 5 —_ 1 _ 7.5 - 7.5
wave 9 —_ - 24 o —_ 24
R=128,A=32,N=128 -
Iss Quiescent Supply Current Vin=Vpp or Vgs 3 - 800 —3 800 - 1600 HA
(not including puil-up lout = 0 KA 5 - 1200 - 1200 - 2400 s
current component) 9 —_ 1600 — 1600 - 3200
Vin Input Voltage — fin, OSCin | Input ac coupled sine wave | —. 500 — |_500 —- 1 500 — |mVpp
vViL Low—Level! Input Voltage Vour22.1V Inputdc | 3 - 0 - 0 - 0 v
— fin, OSCin Vour23.5V coupled | 5 - 0 - 0 - ]
Veur26.3V squarewave [ 9 - s} _ o] —_ o]
ViH High-Level Input Volitage Vout$0.9V lnputde | 3 3.0 - 3.0 —_ 3.0 — v
— fin, OSCipy VoutS15V coupted | 5 5.0 - 5.0 — 5.0
Vout$2.7V squarewave | 9 9.0 - 9.0 —_ 9.0 —_
viL Low—Level input Voitage 3 —_ 0.9 - 0.9 — 0.9 .V
— axcapt fin, OSCin 5 - 1.5 - 1.5 — 1.5
9 - 27 - 2.7 — 2.7
Vi High-Leve! Input Voltage 3 2.1 —_ 2.1 —_ 2.1 - v
— except fin, OSCin 5 3.5 — 35 - 357 —
9 6.3 _ 6.3 — 6.3 -
iin Input Current (fin, OSCin) | Vi = Vpp orVgsg 9 £2 +50 +2 *25 *2 +22 HA
L Input Leakage Current Vin = Vgs 9 —_ -03 - -0.1 —_ -1.0 RA
(Data, CLK. ENB —
without puiFups)
i Input Leakage Current (all Vin = Vpp 9 - 0.3 — 0.1 - 1.0 RA
inputs except fin, OSCin)
(continued)
MC145151-2 through MCT45158-2. - MOTOROLA
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DC ELECTRICAL CHARACTERISTICS (continued)

Voo —-40°C 25°C 85°C
Symboi _ Parameter _ Test Condition_ v Min Max Min Max | Min i Max Unit"
TR Pull-up Current (all inputs | Vip = Vgg 9 -20 [ ~400 | -20 [-200 | -20 | -170 A
with pull-ups)
Cin Input Capacitance - T— —_ 10 - 1T —_ 10 pf
VoL Low—4evel Output lout = 0 A 3 - 0.9 - 0.9 _ 09 \
Voltage — OSCout Vin= VDD 5 - 1.5 — 1.5 - 15
- - I - R 27 | — 27 |[T— 2.7 -
Vo High—Leve! Qutput lout = 0 pA 3 2.1 _ 2.1 _— 2.1 -_ \
Voltage — OSCqy Vin=Vss ) 3.5 - 35 - 3.5 —_
R i " - 9 6.3 -_ 6.3 —= |~863 ol
VoL Low—evel Qutput lout = 0 uA 3 — 0.05 — 0.05 — 0.05 v
Voltage — Other Qutputs 5 — 0.05 - 0.05 —_ 0.05
= g-|" - 0.0 - 0.0 —_ 0.05
Vo High—Level Qutput lout = 0 MA 3 2.95 - 2.95 - 2.95 - v
Voltage — Qther Quiputs 5 4.95 — 4.95 — 4.95 -
1 : 9 8.85 — | 895 |7 —. 8.95 -
V(BR)OSS | Drain~to-Source Roufl—up = 4.7 kQ - 15 —_ 1§ -_ 15 . - \
Breakdown Voltage —
S orSwit o swez - - = T e
oL Low—Lavel Sinking Vout=0.3V 3 1.30° = 1.10 - 0.66 - mA
Cument — MC Vout =04V 5 1.90 e 1.70 —_ 1.08 -
N Vout=0.5V 9 3.80 —. | 3.30 —_ 2.10 -
IOH High—Level Sourcing Vout=2.7V 3 |-060) - {-~080} — [|-030 —_ mA
Current — MC Vout=4.6V: 5 |-090} — |-075] — |-050| —
Vout=8.5V 9 [-150| — (-1254 —~ |-080] —
oL Low—{evel Sinking Vout =03V 3 0.25 = 0.20 - Q.15 - mA
Cument — LD Vout = 0.4 V 5 | o4 | — | 051 — 1036 | —
-k Nout=0.5V | 1.30 - 1.00 — Q.70 -
loH High~Level Sourcing Vour=2.7V 3 |~-025 - |=-0.20 — | =Q.15 — mA
Curermt—ILD -~ — |Vgu=46V 3 |-064] — |-0.51 —7|-03] —
Vout = 8.5.V 9 |-130f — |-100] — |-070| —
ot Low—Level Sinking Vout=0.3V 3 0.80 - 0.48 —_ 0.24 — mA
Current — SW1, SW2 Vout =0.4 V 5 1.50 — 0.80 - 0.45 - S
Vout=0.5V 9 3.50 - 2.10 - 1.05 —
“loL | Low—Level Sinking Vout=03V . 3 | 644 | — |o3as | — Joz2 | — mA |~
Current — Other Qutputs | Vot = 0.4V ceee 5 0.64 = Q.51 — 0.36 -
Vout = 0.5V ¢ |13 | — |100.] — [o070 | —
IoH High—Level Sourcing Vout=27V 3 |-044| — [|-035| — [-022 - mA
Current — Other Qutputs | Vot = 4.6V 5 |~-064} — |~0.51 — |-036) -—
Vout=8.5V g |-t30| — |-100| — {-070{ —
loz Qutput Leakage Current — | Vout = Vpp 0f Vg5 9 - =03 _ £0.1 _ +1.0 uA
PDout Output in Off Stata .
loz Qutput Leakage Current — | Vayt = Vpp of VSS S - +03 — £0.1 - *3.0 RA
Swi, sw2 Output in Off State
Cout Qutout Capacitance — PDgqyt — Three~State - —_ 10 _ 10 - 10 pF
PDout
MOTOROLA MC145151~2 through MC145158-2
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AC ELECTRICAL CHARACTERISTICS (C(_ = 50 pf. Input t, = t = 10 ns)

- Vpp | Guaranteed Limit | Guaranteed Limit
Symbel |~ * Tt v °*  Parameter v 25°C .40t 85°C: Unit
tPLH, tPHL | Maximum Propagation Delay, i, to MC 3 T 1o L1200 7T | s
(Figures 1 and 4) 5 60 70
9 35 40 .
PHL Maximum Propagation Delay, ENB to SW1, SW2 3 160 180 . NS .
(Figures 1 and 5) 5 80 95
9 50 - 60
tw Output Pulse Width, ¢, ¢v, and LD with {g in Phase with‘fv . 3 2510 200 | 2510260 ___ | _ns
(Figures 2 and 4) 5 20 to 100 20to 125
- 9 10to 70 10to 80
Ty Maximum Qutput Transition Time, MC . . -1 -3 s 115 - . ns
(Figures 3 and 4) s 60 75
9 40 . 80
truL | Maximum Output Transition Time, MC i .3 60 70 ___.|.ns.
(Figures 3 and 4) S 34 45
9 30 38
ITLH, tyHL | Maximurn Output Transidon Time, LD . 3 180 -._200 ..ns _
(Figures 3 and 4) 5 90 120 Y.
9 70 90 - -
TLH, tTHL | Maximum Qutput Transidon Time, Other Outputs _ 3 160 . 175 . . |.'ns
(Figures 3 and 4) 5 80 100
9 60 65
SWITCHING WAVEFORMS
’ Yoo - n
. | .

~Vsg
oR, OV, LD 3{( 50%

"t in phase with fy.

Figure 2.

iTHL

* Includes alf probe and fixture capacitance.

Figure 4. Test Circuit

o UNDER

DEVICE

TesT

*Includes all probe and fixture capacitance.
Figure 5. Test Circuit.

MC145151~2 through: MC145158~2
2-652
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TIMING REQUIREMENTS (Input t, = t = 10 ns uniess otherwise indicatad)

- = - Vpp | Guaranteed Limit | Guaranteed Limit
Symbol Parameter. _ v 25°C ~40 to 85°C Unit
foix Serial Data Clock Frequency, Assuming 25% Outy Cycle 3 dcto 5.0 cto3s MHz
NOTE: Refer to CLK ty () below 5 dcto7.1 dcto 7.1
(Figure 6) 9 deto 10 dc to 10
tsy Minimum Setup Time, Data to CLX —_ 3 30 30 ns
(Figure 7) 5 20 20
9 18 18
th - { Minimum.Hold Time, CLK to Data 3 40 40 ns
(Figure 7) 5 20 20
9 18 15
tsy -~ .- Minimum Setup Time, CLK to ENB 3 70 - - 70 - ns
(Figure 7) 5 32 32
’ 9 25 25
trec Minimum Recovery Time, ENB to CLK 3 s - 5 ns
(Figure 7) S 10 10
) 20 20
tw(H) Minimum Pulse Width, CLK and ENB 3 S0 70 as
(Figure 6) 5 35 35
9 25 25
t b Maximum Input Rise and Fatl Times — Any tnput 3 S X 5 us
(Figure 8) -5 4 4
9 2 2

SWITCHING WAVEFORMS

fw(H)
—Voo
CLK. v .. N
ENB A 0% N T
1
4otk
"Assumes 25% Duty Cycle.
Figure 6.. ENB 0% —
Vss
PREVIOUS
K \ DATA
t ! LATCHED
ANY 0% -Vpo
ouTPUT 10% ) Vg Figure7. .
Figure 8.
MOTOROLA. MC145151-2 through MC145158-2:
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FREQUENCY CHARACTERISTICS (Voitages Referencas io Vgg, C_ = 50 pf, Input t; = t =10 ns unless otherwise indicatad) n

Voo L -40°C 25°C 85°C
Symbol ~- Parameter - - Test Condition vV |- Min Max Min Max Min Max Unit
fi Input Frequency R28,A20,N28 3 —_ 6 — 6 —- [ MHz
{tin, OSCin) Vin = 500 mV p—p 5 — 15 —_ 15 - 15
ac coupled sine wave 9 — 15 - — 15 - 15
R28 A20,N28 3 — 12 — 12 — 7 MHz
Vin = 1 V p—p ac coupled 5 - 22 - 20 - 20 -
sine wave - 9 — 25 —_ 22 — 22 o
R28,A20,N28 3 — 13 — 12 — 8 MHz
Vin=Vpp toVgs ) - 25 - 22 - 22
- dc coupled square wave 9 -— |- 25 - 25 — 25

NOTE: Usualty, the PLL's propagation delay from £, to MC plus the setup time of the prescaler determines the upper frequency fimit of the system.
The upper frequency timitis found with the following formuta: f= P/(tp + tspt) whera fis the upper frequency in Hz, P is the lower of the duat
modulus prescaler rauos, tp is the fin to MC propagation delay in seconds, and tset is the prescaler setup time in seconds. -

For example, with a 5 V supply, the & to MC delay is 70 ns. If the MC12028A prascaler is used, the setup ime is 16 ns. Thus, if the 64/65
ratio is utilized, the upper frequency limit is £ = P/(tp + tgep) = 64470 + 16) = 744 MHz.

iq — V4
REFERENCE !— .
0SC+R l | l l “ -
v ' : . —] - W
FEEDBACK : : \
=) — = o ‘ vt
'——- — L »* — VK
PDout R & _J HIGH IMPEDANCE
o | b —
wi o L ’ Yo
sz DA |
=z e v — VL -
e L o 3 Yo
v N I [ —l
0 ' — VL
¥ o ' g, . Vi
=y i l .
Y -

Vi = High Voltage Level.

VL = Low Voltage Level.

* At this point, when both fg and fy are in phase, the output is forced to near mid-supply.

NOTE: The PDoy ¢ generates error pulses during out-of-lock conditions. When locked in phase and frequency the outputis hlgh
and the voltage at this pin is deterrnined by the low—pass filter capacitor.

Figure 9. Phase Defector/Lock Detector Output Waveforms- .

MC145151-2 through MC45158-2' MOTOROLA*
2-654
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DESIGN CONSIDERATIONS

PHASE—L,O(E)(ED LOOP — LOW—PASS FILTER DESIGN

A) #0 . |/ KKveo
%R~ c ]

T -
- -+ 5% &ekveo
1
Flo)= AysC+ 1
B Poa AT Y0 . |/ oo
! ©n = NC{Rq + Ry} -
$R— ) Ry <.
had ’ = 05 f:
> : I ¢ & ( e K¢cho)
= _ RasC « 1
Fis) =

(Ry + AgsC + 1

C) POout— _ |/ Xe¥veo
c “n = NCAy

Ry
°R AAA ¢
\r R
oy ANA- Jyeo (= “nfaC N
Ry 2
Ro ASSUMING GAIN A IS VERY LARGE, THEN:
c Fgy=  P2Cr!
I AysC

‘ﬁ ‘,‘,'\u'on N
NOTE:.Sometimes Ry is solit into two serles resistors; each Ry + 2. A capacitor C¢ is then placed from the midpoint to ground to further
filter oy and oR. The value of C shouid be such that the comer frequency of this network does not significantly affect on.
The ¢R and ¢y outputs swing ra-to—ail. Therefore, the usar should be careful not to exceed the common moda input range of the

op amp used in the combineroop filter.

DEFINITIONS: ¥
N = Totat Division Ratio in feedback loop -- —
K¢ (Phase Detector Gain) = Vpp/dm for POyt
K¢ (Phase Detector Gain) = Vpp/2r for ¢y and 6

. - 2r
Kyco (VCO.Gain) = %CCOO

for a typicat design wp (Natural Frequency) _%r (at phase detector input).
Damping Factor: { = 1

RECOMMENDED READING:
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley—interscience, 1979.
- Manassawitsch, Vadim, Frequency Synthesizers:.Theary and Design (second edition). New York, Wiley—Interscience, 1980.
.-Blancnard, Alain, Phase-Locked Loops: Application to Coherent Recsiver Design. New York, Wiley—interscience, 1976.
Egan, William ., Frequency Synthesis by Phase Lock. New York, Wilsy—interscience, 1981.
~; Rohde, Ulrich L, Digital PLL Frequency Synthasizars Theory and Design. Englewood Cliffs, NI, Prentice—Hall, 1983.
.~-Berlin.Howard M., Design of Phase—~Locked Loop. Clreuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978.
- . Kinley, Harold, The PLL Synthesizer Cookbook. Blue.Ridge Summit, PA, Tah Books, 1980, °
" AN535, Phase—Locked Loop Design Fundamentals, Motorola Semiconductor Proaucts, Inc., 1970,
AR254, Phase—Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted withr permission from Electronic Design,

RS ey TR e o ey,

1987. .
MOTOROLA < T T T T MCis15152 through MC145188°2
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CRYSTAL OSCILLATOR CONSIDERATIONS

The following options may be considered to provide a ref-
erence frequency to Motorola's CMOS frequency synthe-
sizers.

Use ot a Hybrid Crystal Oscillator

Commercially available temperature—compensated crystal
oscillators (TCXOs) or crystal—controlted data clock oscilla-
tors provide very stable reference frequencies. An oscillator
capable of sinking and sourcing 50 pA at CMOS logic levels
may be direct or dc coupled to OSCin. In general, the highest
frequency capability is obtained utilizing a direct~coupled
square wave having a rail-to—rail (Vpp to Vgg) voltage
swing. If the oscillator does not have CMOS logic levels on
the outputs, capacitive or ac coupling to OSCip may be used.
OSCouyt, an unbutfered output, shouid be left floating.

For additional information about TCXOs and data clock
oscillators, please consult the latest version of the sem Elec-
tronic Engineers Master Catalog, the Gold Book, or similar
publications.

Design an Off-Chip Reference

The user may design an off—chip crystal oscillator using
ICs specifically developed for crystal oscillator applications,
such as the MC12061 MECL device. The reference signal

" Irom the MECL device is ac coupled to OSCin. For large am-

plitude signals {standard CMOS logic levels), dc coupling is
used. OSCqyyt, an unbuffered output. should be left floating.
In general, the highest frequency capability is obtained with a
direct—coupied square wave having rail~torail voltage
swing.

Use ot the On-Chip Osciltator Circuitry

The on—chip amplifier (a digital inverter) along with an ap-
propnate crystal may be used to provide a reference source
frequency. A fundamental mode crystal, parallel resonant at
the desired operating frequency, should be connected as
shown in Figure 10.

[ T T LT Tmamer |

=3 SYNTHESIZER'
| :
L D
oSl . |0y

Jr{D A1
I 1: [ov]

" May be deleted in carain cases. See text.

Figure 10. Pierce Crystat Oscillator Circuit

For Vpp = 5.0 V, the crystal should be specitied for a load-
ing capacitance, Cy, which does not exceed 32 pF for fre-
quencies to approximately 8.0 MHz. 20 pF for frequencies in
the area of 8.0 to 15 MHz. and 10 pF for higher frequencies.
These are guidelines that provide a reasonable compromisa
between IC capacitance. drive capability, swamping varia-
tions in stray and IC input/output capacitance. and realistic

C\, values. The shunt load capacitance, Cy, presented
across the crystal can be estimated to be:

cL= Sinlont oo, c, . C1-C2
Cin + Cout  Cl+C2

where
Cin = 5 pF (see Figure 11)
Cout = 6 pF (see Figure 11)
Ca = 1 pF (see Figure 11)
Co = the crystal's holder capacitance
(see Figure 12)
C1 and C2 = extemnal capacitors (see Figure 10)

=S T = —0

.
L

L
T
4

Figure 11. Parasitic Capacitances of the Amplifier
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NOTE: Values are supplied by crystal manufacturer
(parailel resonant crystal).

Figure 12. Equivaient Crystal Networks

The oscillator can be *trimmed” on-frequency by making-a
portion or all of C1 variable. The crystal and associated com-
ponents must be located as close as possible to the OSCip,
and OSCoyt pins to minimize distortion, stray capacitance,
stray inductance, and startup stabilization time. In some
cases, stray capacitance should be added to the value for Cin
and Coyt.

Power is dissipated in the effective series resistance of the
crystal, Re, in Figure 12. The drive levelspecified by the crys-
tal manutacturer is the maximum stress that a crystat can
withstand without damage or excessive shift in frequency. R1
in Figure 10 limits the drive level. The use of R1 may not be
necessary in some cases (i.e.,, R1 =0 Q).

To verify that the maximum dc supply voltage does not
overdrive the crystal, monitor the output frequency as a func-
tion of voltage at OSCgqyt. (Care.should be taken to minimize
loading.) The frequency should increase very stigntly as the
dc supply voitage is increased. An overdriven crystal will de-
crease in frequency or become unstable with an increase in
supply voltage. The operating supply voltage must be-re-
duced or R1 must be increased in value if the overdriven
condition exists. The user should note that the oscillator
start-up time is proportional to the value of R1.

Through the process of supplying crystals for use with
CMQOS inverters. many crystal manufacturers have devel-
oped expertise in CMOS oscillator design with crystals, Dis-
cussions with such manufacturers can prove very heipful
(see Table 1).

MC145151-2 through MC145158-2
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Table 1. Partial List of Crystal Manufacturers

Name — = Address Phone
United States Crystal Corp. 3605 McCart Ave., Ft. Worth, TX 76110 (817) 9213013
Crystek Crystal 2351 Crystat Dr., Ft. Myers. FL 33907 (813) 936-2109
Statek Carp. 512 N. Main SL. Orange, CA 92663 - (714) 639~7810

NOTE: Motorota cannot recommend cne supplier over another and in no way suggests that thisisa complete

listing of crystal manutacturers.

RECOMMENDED READING

Technical Note TN~24, Statek Corp.

Technical Note TN-7, Statek Corp.

E. Hatfner, "The Piezoelectric Crystal Unit - Definitions and
Method of Measurement”, Proc. IEZE, Vol. 57, No. 2 Feb.,
1969.

D. Kemper, L. Rosine, “Quartz Crystals for Frequency
Control", Electro~Technology, June, 1969.

P. J. Oltowitz, “A Guide to Crystal Selection”, Electronic
Design, May, 1966.

DUAL-MODULUS PRESCALING
OVERVIEW

The technique of dual-modulus prescaling is well estab-
lished as a method of achieving high performance frequency
synthesizer operation at high fraquencies. Basically, the

approach allows relatively low-irequency programmable *

counters to be used as high-frequency programmable
counters with speed capability of several hundred MHz. This
is possible without the sacrifice in system resolution and per-
formance that results if a fixed {single—modulus) divider is
used for the prescaler.

In dual-modulus prescaling, the lower speed counters
must be uniquely configured. Special control logic is neces-
sary to select the divide value P or P + 1 in the prescaler for
the required amount of time (see modulus control definition).
Motorofa’s dual-moduius frequency synthesizers contain
this feature and can be used with a variety of dual-modulus
prescalers to allow speed, complexity and cost to be tailored
to the system requirements. Prescalers having £, P + 1 di-
vide values in the range of + 3/~ 4 to +~ 128/+ 129 can be con-
trolled by most Motorola frequency synthesizers. -

Several dual-modulus prescaler approaches suitable for
use with the MC145152-2, MC145156~2, or MC145158-2
are:

MC12009 «5/+8 440 MHz
MC12011 ~8/+9 500 MHz
MC1i2013 «10/+ 11 $00 MH2z
MC12015 ~32/+ 33 225 MHz
MC12016 = 404+ 41 225 MHz
MC12017 -~ B4/+ 65 225 MHz
MC12018 +128/+ 129 520 MHz
MC12022A + §4/65 or - 128/129 1.1GHz
MC12032A + 64/65 or + 129/129 2.0 GHz

DESIGN GUIDELINES

The system total divide value, Nigtaf (NT) will be dictated by
the application:

frequency into the prescaler
frequency into the phase detector

NT = =NeP+A

N is the number programmed into the + N counter, A is the
number programmed into the + A counter, P and P + 1 are
the two selectable divide ratios available in the dual-modu-
lus prescalers. To have a range of NT values in sequence,
the + A counter is programmed from zero through P ~ 1 for a
particuiar value N in the ~ N counter. N is then incremented to
N + 1 and the + A is sequenced from 0 through P — 1 again.

There are minimum and maximum values that can be
achieved for NT. These values are a function of P and the
size of the + N and + A counters.

The constraint N 2 A always applies. If Amax = P~ 1, then
Nmin2P~1.ThenNTmin=(P-1)P+ Aor(P - 1) Psince A
is free to assume the value of 0.

NTmax = Nmax * P + Amax

To maximize system frequency capability, the dual-modu-
lus prescaler output must go from low to high after each
group of P or P + 1 input cycles. The prescaler should divide
by P when its modulus control line is high and by P + 1 when
its MC is low.

For the maximum frequency into the prescaler (fycOmax).
the value used for P must be large enough such that:

t.f'vCOmax divided by P may not exceed the frequency
capabiiity of fin {input to the + N and + A counters),

2. The period of fycg divided by P must be greater than
the sum of the times:

a. Propagation delay through the dual-modulus pre-
scaler.

b. Prescaler setup or release time relative to its MC
signal.

c. Propigation time from fin to the MC output for the
frequency synthesizer device.

A sometimes useful simplification in the programming
code can be achieved by choosing the values for P of 8, 16,
32, or 64, For these cases. the desired value of N7 results
when NT in binary is used as the program code to the + N and
+ A counters treated in the following manner;

1. Assume the + A counter contains “a” bits where 22 > P,

2. Always program all higher order + A counter bits above
“a"to 0.

3. Assume the + N counter and the + A counter (with all the
higher order bits above “a” ignored) combined into a
single binary counter of n + a bits in length (n = number
of divider stages in the + N counter). The MSB of this “hy-
pothetical” counter is to correspondto the MSB of + N and
the LSB is to correspond to the LSB of + A. The system
divide value. NT, now resuits when the value of NT in
binary is used to program the “new” n + a bit counter.

By using the two devices, several duai-modulus values
are achievable (shown in Figure 13).

"MOTOROLA ™
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DEVICE
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DEVICER MC12009 MC12013 MC12013
MC10131| < 20121 -32+ 33 A
MC101381 - sgm-51 - 80/~ 81 - 100/~ 171
— 40/+ 41 - 64/~ 55 = 80/~ 41
MC10154 oR OR
~ B0/+ 81 - 1280+ 129

NOTE: MC12008, MC12011, and MC12013 are pin equivalent.
MC12015, MC12016, and MC12017 are pin equivalent,

Figure 13. Dual-Modulus Vaiues
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portion of the cycle). MC is then set back low, the- counters
preset to their respective programmed values, and the above
sequence repeated. This provides for a total programmable
divide value (NT)=N.P + Awhere Pand P + 1 represent the
dual-modulus prescaler divide vaiues respectively for high
and low MC levels, N the number programmed into the + N
counter. and A the number programmed into the + A counter,

LD
Lock Detector Output (Pin 28)

Essentially a high level when loop is locked (fR, fy of same
phase and frequency). Pulses low when loop is out of lock.

POWER SuUPPLY
Voo
Positive Power Suppty (Pin 3)
The positive power supply potential. This pin may range
from + 3 to + 9 V with respect to vss.
Vss
Negative Power Supply (Pin 2)

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

TYPICAL APPLICATIONS -

NO CONNECTS

[ f AN l’ [——%= LOCK DETZCT SIGNAL

150 - 175 MHz
.24 MH SkHz STEPS
s | m oo
OSCot  RA2 RAT AA0 LD A1 [ l
o8 - N
0S¢,
o Gn & a1 / vCo
P+
¥ MC33171
S MC145152-2 X A2 NOTE 2
r¥—Yop .
Vs ¥ fin 2
T e 0 A5 A0 =
‘IIIIHHIIIHoLT }
CHANNEL PROGRAMMING MC12017
- 84/65 PRESCALER
NOTES:

1. Off=chip osciltator optional.

2. The oR and oy outputs are fed to an extemnal cembinerAoop filter. See the Phase—Locked Loop ~— Low-Pass Filter
Design page for additionat information. The 9R and gy outputs swing rail-to—rail. Therefore, the user should be carefu

not 1o exceed the common mode input range of the op amp used in he combinerioop filter.

Figure 1. Synthesizer for Land Mobile Radio VHF Bands
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__REF.OSC.
15.360 MHz

OPTIONAL)

NO CONNECTS

T~ e | OCKDETECT SIGNAL

| [ ]

L
(ON-CHIPOSC. | | xo
L

Oacom

1 oscq
+V— V5o

LY

NG

RAAZ2  FA1 RAD 8]

KC145152-2
NOTE 5

NI

JUCTTTTTTTTTTT]

NOTES:

"

CHANNEL PROGRAMMING

Ouplex operation with 45 MHz receiverransmit separation.
fR = 7.5 kHz; + R = 2048,

MC145158-2 may be used where senal data entry is desired.

2.

3.

4. Niotal = N « 64 + A = 27501 to 28166; N = 429 t0 440; A = 0 10 63.
S.

6.

. Receiver 1si LF. = 45 MMz, low sida injection; Recsiver 2nd |.F. = 11.7 MHz, iow side injection.

High trequency prescalers (e.g., MC12018 {520 MHz] and MC12022 {1 GHz}) may be used for higher frequency VCO and frg¢

implementations.

N

input range of the op amp used in the combinerfoop filter.

Figure 2. 666—Channel, Computer—~Controiled, Mobile Radiotelephone Synthesizer

for 800 MHz Ceflular Radio Systems

RECEIVER 2ND LO,
0I0MHEZ-
RECEIVER FIRST LO.
825030  844.930 MHz
R’ C (30 kHz STEPS)
At l L ]
o \ ]
x4
R1 ' vco
ov R NOTZ 6
NOTE7
Mo R2
fn T¢ TRANSMITTER| [ x4
20 t = MODULATION NOTE 6
[/ T MCi2017 I
+ 64/65 PRESCALER TRANSMITTER SIGNAL
NOTE § 825000  844.980 MHz
{30 kHz STEPS)

The ¢R and ¢y outputs are fed 0 an external combiner/ioop filter. See the Phase—Locked Loop —— Low—Pass Filter Design page for
additional information- The & and oy outputs swing rail-to~rail. Therefore, the user should be careful not to exceed the common mode
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