CRYSTAL OSCILLATOR

MTTL Phase-Locked Loop Components

MC12060eMC12560
MC12061*MC12561

The MC12060/12560 and MC12061/12561 are designed for use with an
external crystal to form a crystal controlled oscillator. In addition to the
fundamental series mode crystal, two bypass capacitors are required (plus
usual power supply pin bypass capacitors). Translators are provided internally
for MECL and MTTL outputs.
® Frequency Range = 100 kHz to 2.0 MHz for MC1206€0/12560

= 2.0 MHz to 20 MHz for MC12061/12561
® Temperature Range = -55°C to +125°C for MC12560, 61
= 0°C to +70°C for MC12060, 61

® Single Supply Operation: +5.0 Vdc or -5.2 Vdc
® Three Cutputs Available:

1. Complementary Sine Wave (600 mVp-p typ)

2. Complementary MECL

3. Single Ended MTTL

L SUFFIX
CERAMIC PACKAGE
CASE 620

P SUFFIX
PLASTIC PACKAGE
CASE 648

MC12060/MC12061 only.

FIGURE 1 — BLOCK DIAGRAM
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TYPICAL CIRCUIT CONFIGURATIONS Note: 0.1 uF power supply pin bypass capacitors not shown.

FIGURE 2 — FIGURE 3 — MTTL OUTPUT FIGURE 4 — MECL OUTPUT FIGURE 5 — MECL OUTPUT
SINE WAVE OUTPUT (+6.0 V Supply) (-5.2 V Supply)
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CRYSTAL - - :
REQUIREMENTS Characteristic MC12060/12560 ] MC12061/12561
Note: Start-up stabilization | Mode of Operation Fundamental Series Resonance
time is a function of [ Erequency Range 100 kHz — 2.0 MHz | 2.0 MHz — 20 MHz
crystal series resistance.
The lower the resistance, | Series Resistance, R1 Minimum at Fundamental
the faster the circuit . . "
stabilizes. Maximum Effective Resistance, Rg(max) 4 k ohms 155 ohms
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ELECTRICAL CHARACTERISTICS

Vottage
Reg.

Vee

AGC
Filter gine Wave MECL
0.1 kF Qutput 5

==

10

)
MTTL
Output

Nots: 0.1 uF powar supply
pin bypass capacitors

ot shown. Crysal
TEST VOLTAGE/CURRENT VALUES
Valts mA
@ Test
Vinmax| Vitmin| ViHamin[ViLamax[VinT[VeeL| Vee [Veen|foL | lon | 1L
-55°¢C 407 | 318 | 372 | 349 [40{45|50)| 55| 16 | -04[-25
MC12560, MC12561 { +25°C 419 1 321 390 | 362 |40 |45 |50 55|16 |-04]-25
+125°C 437 | 326 ] 403 | 360 |40]| 45 505516 |-04]-25
0°c 416 | 319 | 386 | 351 |40 |475]50]525) 16 | -04|-26
MC12060, MC12061 { +25°C 419 [ 321 390 | 352 [40f475|50(525] 16 | -04]-25
+75%C 428 | 323 | 396 | 355 |4.0]476]560]525( 16 [-04]-25
fin MC12560, MC12561 MC12060, MC12061 TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW
Under|__~55°C +25°%C +126°C o°¢c +26°C +75°C
Charactaristic Symbol | Test | Min | Max | Min | Typ | Max | Min | Max |Min | Max | Min | Typ | Max | Min | Max | Unit |ViHmax]| ViLmin| ViHAmin ViLAma) ViHT [VeeL Vec [VecH) toL ) fon| L | Gnd
Power Supply Drain Current oo mAdc]
— MC12060/12560 LI I S A I R - i) 19 - - ~ - - - -1l - =-]-1-1]8
— MC12061/12561 1| - - |we|zmfjs] -|-|-|-|®|2]|8] -] - - - - - -l -1t | -1-]-1-7s
|-l -f-]30fae)] -] -]-]-1-130)a0] -| - 1 15 - - | - el - | = | - | - |82
6] - | - 1316 19] - - | - { - |11l 19] ~ - ~ -~ — — - - |16 | — - - — 8
Input Current wwn | 14| - | - | - | - (2o - [ - [--1-1-1]20] -] - [uad] 14 15 - = - -Twel-T-T-1-1s¢8
15 | - | - [ -] -J=o| - | -] -1 - [-]-]20] — | ~ |uAde} 15 14 - - -l =dw} -] -l -1-18
e 1| - | - - - | 10| - - - - - - | 10| - — |uAde] 15 - - - - - 116 - - -1 - |84
s | - | - | -1 -l1e|l -] -} -F-4-]-]1o] -1 — |urd] 14 - ~ - -1 -lw] -]-]1-]-1i81s
Differential Offset Voltage av Jaw7| - | - a0 | - |38 - | - | -] - ]a [ - |as| - | - [mvde{ - - - ~ se| -1 -]-]-1-1]s38
MC12060/12560 2103 - | - |-220| o |+220| - | - § - | - |300| o [+300f - [ - - - - - 4 | - * --1-1- *
MC12061/12561 2103 — | — |-100] 0 |+100| — | - | ~ | - |-200| 0 |+200] - | - - - = - 4 - e e
Output Voltage Level Vout 2 - - - 35 - - - - - - 35 - - vdc - — - - 4 — 1 - - - — 8
3 |- | ~-]~-J3s] - | -} -—]-]-~1-135] -} -] —|vde| - - - = a |l -l1]-]1-1~-]1-18
Logic "1 Output Voltage VoHir| 12 |3.92[4.07 [a04| - [a19] 417437 {a00|416]a0a| — [419] a10{428| vac| 14 15 - - = -fTwe] -] -1 -]12]s
13 |3.92[4.07 [404| - |4.19|417]4.37 |4.00|4.16{4.04| — |4.19] 4.10] 4.28] vdc | 15 14 - - -l -fw} - -t -113(8
vouz | 10 |24 — [24] - | —[24] - J24] - J24] - [ ~]24] - [vdc] 15 14 - - - Juel -} - - f10] - [89
Logic "0" Output Voitage VoLi+]| 12 | 267|339 |3.00| - | 3.44| 3.04]| 350 [298 3.4313.00| - | 3.44] 3.02] 347[ vac [ 15 14 - ~ — -] - -[-112]s
13 |207(339/300| - | 344 3.04)|350|298|343]3.00| - | 344] 302| 347| Vdc] 14 15 - - - -1l - -1w3[s
Voz] 0| - [os5] — [ -Jos] - Jos|-[os| -} -Fos] - [o5|[vac|[ 14 15 - - ~ fve] - - {wl] - -89
10| -fos| -1 _|los| —Jos|-|os| -] -los] —|o05}vic] 14 15 - - -l - Juele] -1 - |89
Logic 1" Threshold Voltage VOHA 12 | 390) — 402 — — | 415| - 398 - |4.02| - - {408 - Vdc - - 14 15 - - 16 - - - iz 8
13 |390] - fa02| - | - fa15] — |308}! - [402] - 408 — |vdc| - - 15 14 - | - [w] - | -] -1113|s
Logic 0" Threshold Voltage Voia | 12| - [3a1| — [ = [zas]l - [as2| - [aas| - | - [ 346] - [349| vac| - - 15 14 “T - Twe] -] -|-1112|¢s
13 — 3.41 — — | 346 — 352 ] - 3.45 — — 346] — | 3.49| Vdc — — 14 15 — - 16 —~ = = 13 8
Output Short-Circuit Current los | 102060 [20] —Teo] 2060 [20] 60s]20] — ] 60] 20| 60 [made 15 14 — — —Juas] -] -1 -] -] — |ss10

*Devices will meet standsrd MECL logic levels using Vg = -5.2 Vdc and Vg = 0.
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MC12060, MC12560 (continued)
MC12061, MC 12561

FIGURE 6 — AC CHARACTERISTICS — MECL AND MTTL OUTPUTS

Veg = +2.0 vdc
0.1 uf
Input (Pin 15)
13 450
MTTL Qutput Pulise Generator
(Pin 1D) (ER 137 or Equiv)
PRF = 2.0 MHz 12 450
tt=1t-=20#+02ns —0—-—'\/\/\:-—0:———0
MECL Qutput
(Pin 13)
MECL ODutpur.
(Pin 12) 10 1.2k
+2.0
Vde
MMD6E150
cr or Equiv
MMD7000
or Equiv
Vgg = -3.0 Vdc
-3.0 Vde
All input and output cables to the scope
are equal lengths of 50 £ coaxial cable.
Unused outputs are connected to a 50 £2
+1% rasistor ta ground.
CT = 15 pF = to1a) parasitic capacitance
which includes probe, wiring, and load
capacitance.
. MC12560, MC 12661 MC12080, MC12061 TEST VOLTAGES/WAVEFORMS
Undae|.55°C +25°¢ +128°C. a°c +25°0 +75%¢ APPLIED TO PINS LISTED BELOW:
Charactesistic Symbol | Test | Min | Max [in [ Typ [Max [Min [ Max [ Min [Max [Min [ Typ [Max [ Min | Max | unit [Puise In | Fulse Out[+2.0 Vde[-3.0Vde | Gnd
Propagation Defay tise1gs| 10 | ~ (30 [ - 117 [ 26 | — a0l - f22 | — 1 37 125 | -] 27 | ns 15 101 1.6 | 89 | 18
neag-| 0 ~ |22 | -2} | - 2| -Jw]-|n2|[w]|-]1s 10
t15a12- 12 50| - 1az|ss ) - leo]l - |s52)_Jaslsst -] 58 12
t5yz4| 12| - [48 | - [37(182 |- |ss| - |50} - ]37]s2]| ~]s2 12
tgerge] 131 ~ 146} - 1aplsD ) ~ 1sal - 1aB) -1 40]50]| - | 52 2
t1§-13-| 13 - 50 | - 40 | 50 | — 5.2 - 5.0 [ - a0 | so | - 5.1 13
Rise Time t12e 121 ~ [38f - T3ag (40 - (60| - [#0[ 30 [40] - [ 44 [as 15 12 11,16 8.9 Iz
tae | 13 ~ [ 38| - | 30|40 | - {s0] - |a0| - [sojan| ~[aa]ns 15 13| M6 | 83 |14
Fall Time Yy | 12| ~ | 38] - | 30 40 a5 - 40| - |30 40 ] - | a0 e 13 12 TG [ 89 | 14
tyy | 13 ~ | 38] - ]a0[a0 a5 40| - |30 lao] - | a0]ne 15 B3 [ 118 | 83 |4
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MC12060, MC 12560 (continued)
MC12061, MC12561

FIGURE 7 — AC TEST CIRCUIT —SINE WAVE OUTPUT

Crystal — Reeves Hoffman Series Mode,
Series Resistance Minimum
at Fundamental

f=500kHz
RE=1kQ
MC12061/12561:
f=10 MHz
RE=58Q
*Rg — MC12060/12560 = 3 k{2
MC12061/125661 = 150
Rg is inserted only for test
purposes. When used with
the above specified crystal,
it guarantees oscillation with
any crystal which has an equiv-
alent series resistance < 4 k2
for MC12060/12560 and
155 2 for MC12061/12561.

All output cables to the scope are equat

Veg = +2.0Vvde @

MC12060/12560: 0.1 uF

[

i) T

I 0.1 uF

lengths of 50 £ coaxial cable. All unused
cables must be terminated with a 50 Q
+1% resistor to ground.

450 Q resistor and the scope termination
impedance constitute a 10:1 attenuator

Characteristic
probe.

Under

MC12560 | MC12060 TEST VOLTAGE
| MC12661_| MC12061 APPLIED TO PINS
Pin +259C +250C LISTED BELOW

+2.0Vdc [-3.0 Vde

Test Min | Typ | Min | Typ Unit

MC12060/12560

MC12061/12561

Sine Wave Amplitude

600 | 675 | 500-| 650 { mVpp 1 89
600 | 676 | 500 | 650
700 | 750 | 650 | 750

700 | 750 | 650 | 750

WN WN

OPERATING CHARACTERISTICS

The MC12060/12560 and MC12061/12661 consist- of three
basic sections: an oscillator with AGC and two translators
(Figure 1}. Buffered complementary sine wave outputs are avail-
able from the oscillator section. The translators convert these sine
wave outputs to levels compatible with MECL and/or MTTL.

Series mode crystals should be used with the oscitlator. If it is
necessary or desirable to adjust the crystal frequency, a reactive
element can be inserted in series with the crystal - an inductor to
lower the frequency or a capacitor to raise it. When such an ad-
justment is necessary, it is recommended that the crystal be
specified stightly lower in frequency and a series trimmer capacitor
be added to bring the oscillator back on frequency. As the
oscitlator frequency is changed from the naturat resonance of the
crystal, more and more dependence is placed on the external re-
actance, and temperature drift of the trimming components then
affects overall oscillator performance.

The MC12060/12560 and MC12061/12661 are designed to op-
erate from asingle supply — either +56.0 Vdc or -5.2 Vdc. Although
each translator has separate Vo and VEg supply pins, the circuit
is NOT designed to operate from both voltage levels at the same
time. The separate VEg pin from the MTTL translator helps
minimize transient disturbance. If neither translator is being used,
all unused pins {9 thru 18) should be connected to VEg (pin 8).
With the translators not powered, supply current drain is typically
reduced from 35 mA to 16 mA for the MC12060/12560, and
from 42 mA to 23 mA for the MC12061/12561.

Frequency Stability

Output frequency of different oscillator circuits (of a given
device type number) will vary somewhat when used with a given
test setup, however the variation should be within approximately
+0.001% from unit to unit.

Frequency variations with temperature (independent of the
crystal, which is held at 25°C} are srall — about ~0.08 ppm/°C

for MC12061/12561 operating at 8.0 MHz, and about -0.16
ppm/°C for MC12060/12560 operating at 1.0 MHz (see Figure 8).
Signal Characteristics

The sine wave outputs at either pin 2 or pin 3 will typically
range from 800 mVp-p (no load) to 500 mVp-p (120 ohm ac load).
Approximately 500 mVp-p can be provided across 50 ohms by
slightly increasing the dc current in the output buffer by the
addition of an external resistor (680 ohms) from pin 2 or 3 to
ground, as shown in Figure 9. Frequency drift is typically less than
0.0003% when going from a high-impedance foad (1 megohm,
15 pF} to the 50-ohm load of Figure 9. The dc voltage level at
pin 2 or 3 is nominally 3.6 Vde with V¢ = +5.0 Vdc.

Harmonic distortion content in the sine wave outputs is crystal
as well as circuit dependent. The largest harmonic (third) will
usually be at least 15 dB down from the fundamental. The har-
monic content is approximately load independent except that the
higher harmonic levels (greater than the fifth) are increased when
the MECL. transiator is being driven.

Typically, the MECL outputs (pins 12 and 13) will drive up to
five gates, as defined in Figure 10, and the MTTL output (pin 10)
will drive up to ten gates, as defined in Figure 11.

Noise Characteristics

Noise level evaluation of the sine wave outputs using the
circuit of Figure 12, with operation at 1.0 MHz for MC12060/
12560 or 9.0 MHz for MC12061/12561, indicates the following
characteristics:

1. Noise floor {200 kHz from oscitlator center frequency) is
approximately -122 dB when referenced to a 1.0 Hz band-
width. Noise fioor is not sensitive to load conditions and/or
transiator operation.

2. Close-in noise (100 Hz from oscillator center frequency)
is approximately -88 dB when referenced to a 1.0 Hz
bandwidth.
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MC12060, MC12560 (continued)
MC12061, MC12561

FIGURE 8 — FREQUENCY SHIFT versus TEMPERATURE FIGURE 9 — DRIVING LOW-IMPEDANCE LOADS

+10 l I
\ vee = +9.0 Vde +5.0 V
Teyrstal = 25°C
) 1 | |
g 0 1 1
= MC12061, MC12561
£ .
ES
B3
& -1 T T < <
a MC12060, MC12560
E]
o
a
o0
5 AN
MC 12060 50
MC12061
sl =
~55 -5 0 % 50 75 100 125 *See text under signal characteristics.
Ta, AMBIENT TEMPERATURE (0C) -
FIGURE 10 — MECL TRANSLATOR LOAD.CAPABILITY FIGURE 11 — MTTL TRANSLATOR LOAD CAPABILITY
Vge = 45.0V
Vee=+5.0V +5.0 V
11 T 0.1uF 270
MECL 10
to
MTTL Al
Frans- 15 pF I
15 eF lator " |1.5k diodes
MBD101
ar
Qi Equiv

FIGURE 12 — NOISE MEASUREMENT TEST CIRCUIT

ANALYZER SETTING

Video
Measurement Sweep Bandwidth | Filter
Noise Floor 50 kHz/div 10 kHz 10 Hz
Ciose-In Noise 20 kHz/div 10 Hz 10 Hz

20r3 0.14F To HRBE52B/53B

Spectrum Analyzer

or Equiv
750
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RESISTOR MC12060/12560 | MC12061/12561
R1 (2 Places) 5k 200 92
R2 (2 Places) 10k 400 2
R3 (2 Places) 5k 2k
CIRCUIT SCHEMATIC
! l |
Sine to MECL
Voltage Regulator | Osciilatar I Amplitier/AGC | Translator
' AGC ' Sine Wave Output l évllﬁst:-t l
| Bias Vee Filter | 23 |1 1213
o 1 77 21 94, +0 0= QVce @15+ o1

1k 260

2R1
]

410: 3 413)

1
\/—ﬂb

a-
)
2981|2413 S241

1

MECL TO MTTL
Translator

680 3 > 540

N#‘j_«.
)
§

SR L) g i
4
130 20 |20
R2 :EF::B:; 932k $205  $15¢75 5825 1.4 k
6 O Crystal VeEe

10

e
MTTL

Qutput

9 Vge
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