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FEATURES DESCRIPTION Jonuany 20
= One External Resistor Sets the Frequency The LTC®6900 is a precision, low power oscillator that is
= 1kHz to 20MHz Frequency Range easy to use and occupies very little PC board space. The
= 500pA Typical Supply Current, Vg = 3V, 3MHz oscillator frequency is programmed by a single external
= Frequency Error <1.5% Max 5kHz to 10MHz resistor (Rset). The LTC6900 has been designed for high
(Tp =25°C) accuracy operation (<1.5% frequency error) without the
= Frequency Error <2% Max 5kHz to 10MHz need for external trim components.

(Ta = 0°C to 70°C) The LTC6900 operates with a single 2.7V to 5.5V power

i a_rééapo/pm/SC Telmpserg’g:J_re Stability supply and provides a rail-to-rail, 50% duty cycle square
- sy 1/1\{,/ BFLE[’ yC t;el;tli/Hz 0 2MHs wave output. The CMOS output driver ensures fast rise/fall
. 500/° ;50/" Duty Cycle oMHz to 10MHz times and rail-to-rail switching. The frequency-setting
. F toS_t t(iU Ty y. 15 resistor can vary from 10kQ to 2MQ to select a master
135 SK/IOSE)OIme. <D -OmS oscillator frequency between 100kHz and 20MHz (5V
: Ooggltes from gtgﬁ;[ le”;’e;v 10 5.5V Suopl supply). The three-state DIV input determines whether the
. Lp Profile (1 Tgh' SOTTM p ' " PPy master clock is divided by 1, 10 or 100 before driving the
ow Profile (Tmm) Thin ackage output, providing three frequency ranges spanning 1kHz
APPLICATIONS to 20MHz(5VsuppIy)_.The _I_T06900featqresa_proprietary
feedback loop that linearizes the relationship between
= Portable and Battery-Powered Equipment Rser and frequency, eliminating the need for tables to
» PDAs calculate frequency. The oscillator can be easily pro-
= Cell Phones grammed using the simple formula outlined below:
= Low Gost Precision Oscillator s
= Charge Pump Driver 0 20k O (100, DIV Pin=V
= Switching Power Supply Clock Reference fosc =10MHz« B\TE N= %10, DIV Pin =0pen
= Clocking Switched Capacitor Filters * MISET H, DIVPin=GND
= Fixed Crystal Oscillator Replacement
= Ceramic Oscillator Replacement RSO s atradematiof Linear Toohmolosy Corporaton. oY Cereoreton

TYPICAL APPLICATION

Rser vs Desired Output Frequency
10000

Basic Connection
1kHz < fogc < 20MHz
s 1 5 0C 1000 2 LN
° v oouTkE= ﬂ.”. NG 1005 + 1033 +1
< 0.1pF 9 LTC6900 sy e
10k < Rger<2M S P aND g
2 +100(|> T 100
= 3 4 +10 7]
SET DIV —0~_0— OPEN -
00000000 +1_ 10
SO0T-23 Actual Size 1
£= 1k 10k 100k M 10M  100M
DESIRED OUTPUT FREQUENCY (Hz)
0000000
6900i
Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tation that the interconnection of its circuits as described herein will not infringe on existing patent rights.



LTC6200

ABSOLUTE MAXIMUM RATINGS

(Note 1)

Supply Voltage (V*) 10 GND ......cocoovevevnnee, -0.3Vto 6V 0P VIEW

DIVIOGND ..o, -0.3Vto (V*+0.3V) .

SET 0 GND eovvvevooooeceeeeeeeeee ~0.3V to (V* +0.3V) - ;‘é o o

Operating Temperature Range — —
LTCE9I00C oo 0°C to 70°C . s
LTCB900 ... ~40°C to 85°C 5-LEAD PLASTIC S0T-23

Storage Temperature Range.................. -65°C to 150°C Tyuax = 150°C, B4 = 256°C/W

Lead Temperature (Soldering, 10 sec).................. 300°C

PACKAGE/ORDER INFORMATION

ORDER PART NUMBER

LTC6900CS5
LTC69001S5

S5 PART MARKING

LTZM

Consult LTC Marketing for parts specified with wider operating temperature ranges.

ELGCTBICHL CH HBHCTERISTICS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V* = 2.7V to 5.5V, R =5k, G = 5pF, unless otherwise noted.
All voltages are with respect to GND.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Af Frequency Accuracy (Notes 2, 3) V=5V 5kHz < f < 10MHz +0.5 1.5 %
5kHz < f < 10MHz, LTC6900C +2.0 %

5kHz < f < 10MHz, LTC6900I 2.5 %

1kHz < f < 5kHz 12 %

10MHz < f < 20MHz 12 %

V=3V 5kHz < f < 10MHz 0.5 1.5 %

5kHz < f < 10MHz, LTC6900C 2.0 %

5kHz < f < 10MHz, LTC6900I 2.5 %

1kHz < f < 5kHz 12 %

Rser Frequency-Setting Resistor Range OAfO< 1.5% V+=5hV 20 400 kQ
V=3V 20 400 kQ

AT/AT Freq Drift Over Temp (Note 3) Rset = 63.2k +0.004 %/°C
AT/AV Freq Drift Over Supply (Note 3) V+ =3V 1o 5V, Rger = 63.2k 0.04 0.1 %N
Timing Jitter (Note 4) Pin 4 =V*, 20k < Rger < 400k 0.1 %

Pin 4 = Open, 20k < Rget < 400k 0.2 %

Pin 4 = 0V, 20k < Rggr < 400k 0.6 %

Long-Term Stability of Output Frequency 300 ppm/VKHr

Duty Cycle (Note 7) Pin 4 =V/* or Open (DIV Either by 100 or 10) 49 50 51 %

Pin 4 = OV (DIV by 1), Rggr = 20k to 400k 45 50 55 %

vt Operating Supply Range 2.7 5.5 v
Is Power Supply Current Rser = 400k, Pin 4 = V*, R = Vt=5hV 0.32 0.42 mA
V=3V 0.29 0.38 mA

Rser = 20k, Pin 4 =0V, R = o V* =5V 0.92 1.20 mA

V=3V 0.68 0.86 mA

Viy High Level DIV Input Voltage Vt-04 \
ViL Low Level DIV Input Voltage 0.5 \
Ipiv DIV Input Current (Note 5) Pin4=V+ V+=5V 2 4 pA
Pin4 =0V V+=5V -4 -2 PA




LTC6200
GLGCTRICHL CHHRHCTGRISTICS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V* = 2.7V to 5.5V, R =5k, G, = 5pF, Pin 4 = V* unless otherwise noted.
All voltages are with respect to GND.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vou High Level Output Voltage (Note 5) V=5V loy =—1mA o 48 4.95 Y
loy =—4mA ° 45 48 v
V=3V loy =—1mA o 2.7 2.9 %
loy =—4mA o 2.2 2.6 Y
VoL Low Level Output Voltage (Note 5) Vt=5V lor=1mA o 0.05 0.15 Y
loL =4mA o 0.2 04 Y
V=3V lor=1mA o 0.1 0.3 Y
loL =4mA o 0.4 0.7 V
tr OUT Rise Time V+=5V Pin 4 = V* or Floating, R = o 14 ns
(Note 6) Pin4=0V,R = 7 ns
V=3V Pin 4 = V* or Floating, R = o 19 ns
Pin4=0V,R = 11 ns
t OUT Fall Time Vt=5V Pin 4 = V* or Floating, R = o 13 ns
(Note 6) Pin4=0V,R = 6 ns
V=3V Pin 4 = V* or Floating, R = o 19 ns
Pin4=0V,R = 10 ns
Note 1: Absolute Maximum Ratings are those values beyond which the life Note 4: Jitter is the ratio of the peak-to-peak distribution of the period to
of the device may be impaired. the mean of the period. This specification is based on characterization and
Note 2: Frequencies near 100kHz and 1MHz may be generated using two is not 100% tested.
different values of Rget (See the Table 1 in the Applications Information Note 5: To conform with the Logic IC Standard convention, current out of
section). For these frequencies, the error is specified under the following a pin is arbitrarily given as a negative value.
assumption: 20k < Rsgr < 200k. Note 6: Output rise and fall times are measured between the 10% and
Note 3: Frequency accuracy is defined as the deviation from the 90% power supply levels. These specifications are based on
fosc equation. characterization.

Note 7: Guaranteed by 5V test.

6900i
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LTC6200

PIN FUNCTIONS

V*(Pin1): Voltage Supply (2.7V <V*<5.5V). This supply
must be kept free from noise and ripple. It should be
bypassed directly toaground plane with a 0.1uF capacitor.

GND (Pin 2): Ground. Should be tied to a ground plane for
best performance.

SET (Pin 3): Frequency-Setting Resistor Input. The value
of the resistor connected between this pin and V* deter-
mines the oscillator frequency. The voltage on this pin is
held by the LTC6900 to approximately 1.1V below the V*
voltage. For best performance, use a precision metal film
resistor with a value between 10kQ and 2MQ and limit the
capacitance on this pin to less than 10pF.

DIV (Pin 4): Divider-Setting Input. This three-state input
selects among three divider settings, determining the
value of N in the frequency equation. Pin 4 should be tied
to GND for the <1 setting, the highest frequency range.

Floating Pin 4 divides the master oscillator by 10. Pin 4
should be tied to V* for the <100 setting, the lowest
frequency range. To detect afloating DIV pin, the LTC6900
attempts to pull the pin toward midsupply. Therefore,
driving the DIV pin high requires sourcing approximately
2uA. Likewise, driving DIV low requires sinking 2pA.
When Pin 4 is floated, it should be bypassed by a 1nF
capacitor to ground or it should be surrounded by a
ground shield to prevent excessive coupling from other
PCB traces.

OUT (Pin 5): Oscillator Qutput. This pin can drive 5kQ
and/or 10pF loads. Larger loads may cause inaccuracies
due to supply bounce at high frequencies. Voltage tran-
sientsabove or below the LTC6900 power supplies will not
cause latchup if the current into/out of the OUT pin is
limited to 50mA.

VRes = 1.13V £25% ”
vt (V* - Vger) PROGRAMMABLE ouT
rﬂ DIVIDER (N) [5]
(+1,10 OR 100)
V+
Rser —
IRES MASTER OSCILLATOR
— DIVIDER
T IRES 2uA
= 100MHz * 2kQ » SELECT
o 2o V- Veen)
THREE-STATE DIV A
INPUT DETECT
2uA
GND

6900 BD




LTC 6900

THEORY OF OPERATION

As shown in the Block Diagram, the LTC6900’s master
oscillator is controlled by the ratio of the voltage between
the V* and SET pins and the current entering the SET pin
(IrRes). The voltage on the SET pin is forced to approxi-
mately 1.1V below V* by the PMOS transistor and its gate
bias voltage. Thisvoltage isaccurate to+7% ata particular
input current and supply voltage (see Figure 1).

A resistor Rget, connected between the V+ and SET pins,
“locks together” the voltage (V* - Vggr) and current, Iggs,
variation. This provides the LTC6900’s high precision. The
master oscillation frequency reduces to:

[P0kQO

f|V|0 :10MHZ°B@E

The LTC6900 is optimized for use with resistors between
10k and 2M, corresponding to master oscillator frequen-
cies between 100kHz and 20MHz.

To extend the output frequency range, the master oscilla-
tor signal may be divided by 1, 10 or 100 before driving
OUT (Pin5). The divide-by value is determined by the state
of the DIV input (Pin 4). Tie DIV to GND or drive it below

14
13
| \\\ V*=5v
1.2 R
= \\\ ..\
I Vr=3V TN N
+ N
> 1.1 N \
& \\ \
=10 N
" \
0.8
0.1 1 10 100 1000
IRES (HA)

6900 FO1

Figure 1. V* - Vggr Variation with Ipgg

0.5Vto select=1. Thisis the highest frequency range, with
the master output frequency passed directly to OUT. The
DIV pin may be floated or driven to midsupply to select
+10, the intermediate frequency range. The lowest fre-
quency range, =100, is selected by tying DIV to V* or
driving it to within 0.4V of V*. Figure 2 shows the relation-
ship between Rgr, divider setting and output frequency,
including the overlapping frequency ranges near 100kHz
and 1MHz.

The CMOS output driver has an on resistance that is
typically less than 100Q. Inthe =1 (high frequency) mode,
the rise and fall times are typically 7ns witha 5V supply and
11ns with a 3V supply. These times maintain a clean
square wave at 10MHz (20MHz at 5V supply). In the +10
and =100 modes, where the output frequency is much
lower, slew rate control circuitry in the output driver
increases the rise/fall times to typically 14ns for a 5V
supply and 19ns for a 3V supply. The reduced slew rate
lowers EMI (electromagnetic interference) and supply
bounce.
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Figure 2. Rger vs Desired Output Frequency
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LTC6200

APPLICATIONS INFORMATION

SELECTING THE DIVIDER SETTING AND RESISTOR

The LTC6900’s master oscillator has a frequency range
spanning 0.1MHz to 20MHz. However, accuracy may
suffer if the master oscillator is operated at greater than
10MHz with a supply voltage lower than 4V. A program-
mable divider extends the frequency range to greater than
three decades. Table 1 describes the recommended fre-
quencies for each divider setting. Note that the ranges
overlap; atsome frequencies there are two divider/resistor
combinations that result in the desired frequency.

In general, any given oscillator frequency (fpgc) should be
obtained using the lowest master oscillator frequency.
Lower master oscillator frequencies use less power and
are more accurate. For instance, fogg = 100kHz can be
obtained by either Rget = 20k, N = 100, master oscillator
=10MHz or Rggr =200k, N =10, master oscillator = 1MHz.
The Rger = 200k is preferred for lower power and better
accuracy.

Table 1. Frequency Range vs Divider Setting

DIVIDER SETTING FREQUENCY RANGE
+1 0 DIV (Pin4)=GND >500kHz"

+10 O DIV (Pin4) = Floating 50kHz to TMHz
+100 O  DIV(Pin4)=V* < 100kHz

"At master oscillator frequencies greater than 10MHz (Rggt < 20kQ), the
LTC6900 may suffer reduced accuracy with a supply voltage less than 4V.
After choosing the proper divider setting, determine the
correct frequency-setting resistor. Because of the linear
correspondence between oscillation period and resis-
tance,asimple equation relates resistance with frequency.

010MHz O 0

RSET =20k e
. foscH

0
v - o
H
(Rsermin = 10k, Rsetmax = 2M)

Any resistor, Rget, tolerance adds to the inaccuracy of the
oscillator, fosc.

ALTERNATIVE METHODS OF SETTING THE OUTPUT
FREQUENCY OF THE LTC6900

The oscillator may be programmed by any method that
sources a current into the SET pin (Pin 3). The circuit in
Figure 3 sets the oscillator frequency using a program-
mable current source and in the expression for fggc, the
resistor Rger is replaced by the ratio of 1.1V/IgonTROL. AS
already explained in the “Theory of Operation,” the voltage
difference between V* and SET is approximately 1.1V,
therefore, the Figure 3 circuit is less accurate than if a
resistor controls the oscillator frequency.

Figure 4 shows the LTC6900 configured as a VCO. A
voltage source is connected in series with an external 20k
resistor. The output frequency, fogg, will vary with
VeonTroL, that is the voltage source connected between
V* and the SET pin. Again, this circuit decouples the
relationship between the input current and the voltage
between V* and SET; the frequency accuracy will be
degraded. The oscillator frequency, however, will mono-
tonically increase with decreasing VgonTRoL-

180kHz TO 18MHz
(APPROXIMATE, SEE TEXT)

5
veour 1
LTC6900
GND

4 N=
SET DV p—

6900 F03

10MHz , 20kQ
fosc D=5« S5y * loonTRoL

IconTrROL EXPRESSED IN (A)

Figure 3. Current Controlled Oscillator

V+

1 5
vt ouT fF— | | |
LTC6900

VCONTROL GND

ovTO 1.1V

SET DV p——m_

6900 Fo4

10MHz , 20k VconTroL
0 . 20k [, VeonTRoL
fose BN < Reer (1 14V

Figure 4. Voltage Gontrolled Oscillator




LTC 6900

APPLICATIONS INFORMATION
POWER SUPPLY REJECTION

Low Frequency Supply Rejection (Voltage Coefficient)

Figure 5 shows the output frequency sensitivity to power
supply voltage at several different temperatures. The
LTC6900 has a conservative guaranteed voltage coeffi-
cient of 0.1%/V but, as Figure 5 shows, the typical supply
sensitivity is lower.

0.15

RseT = 63.2K
PIN 4 = FLOATING (+10)
2010
25°C \/
-40°C A
0.05 00
85°C

o

FREQUENCY DEVIATION

-0.05

25 30 35 40 45 50 55
SUPPLY VOLTAGE (V)

6900 FO5

Figure 5. Supply Sensitivity

High Frequency Power Supply Rejection

The accuracy of the LTC6900 may be affected when its
power supply generates significant noise with frequency
contents in the vicinity of the programmed value of fpg.
Ifa switching power supply is used to power the LTC6900,
andifthe ripple of the power supply is more than afew tens
of millivolts, make sure the switching frequency and its
harmonics are not related to the output frequency of the
LTC6900. Otherwise, the oscillator may show additional
frequency error.

Ifthe LTC6900 is powered by a switching regulator and the
switching frequency or its harmonics coincide with the
outputfrequency of the LTC6900, the jitter of the oscillator
output may be affected. This phenomenon will become
noticeable if the switching regulator exhibits ripples be-
yond 30mV.

START-UP TIME

The start-up time and settling time to within 1% of the final
value can be estimated by tgtart O Rser(3.7us/kQ) +
10ps. Note the start-up time depends on Rger and it is
independent from the setting of the divider pin. For in-
stance with Rger = 100k, the LTC6900 will settle with 1%
of its 200kHz final value (N = 10) in approximately 380ps.
Figure 6 shows start-up times for various Rggt resistors.

Figure 7 shows an application where a second set resistor
RseTo is connected in parallel with set resistor Rggy1 via
switch S1. When switch S1 is open, the output frequency
ofthe LTC6900 depends on the value of the resistor Rggry.
When switch S1 is closed, the output frequency of the
LTC6900 depends on the value of the parallel combination
of Rsert and Rsgro.

The start-up time and settling time of the LTC6900 with
switch S1 open (or closed) is described by tgtart Shown
above. Once the LTC6900 starts and settles, and switch S1
closes (oropens), the LTC6900 will settle to its new output
frequency within approximately 70ps.

70

\ Th=25°C
60 \ VF =5V
=0
S 40
g L
o
w
> 30
(&)
= 2 \ \
o0
(e]
Biaae
£ 10 —
\Q&Zk ~—
0 a0k

-10

0 200 400 600 800 1000
TIME AFTER POWER APPLIED (ps)

6900 FO6

Figure 6. Start-Up Time

VORSV 4

20k )

5 - .
vt ouT — fosc = 10MHz (N *Rsemt

LTC6900 OR
GND VP foso= 10|v|Hz-(
100}
4

SET DIV o =10
=1

= 1799F07

20k )
N« Rser1//RseT2

Figure 7
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LTC 6900
APPLICATIONS INFORMATION

Jitter Functions description. If this requirement is not met, the
jitter will increase. For more information, contact Linear
Technology Applications group.

The typical jitter is listed in the Electrical Characteristics .
These specifications assume that the capacitance on SET
(Pin 3) is limited to less than 10pF, as suggested in the Pin

PACKAGE DESCRIPTION

S5 Package
5-Lead Plastic SOT-23
(Reference LTC DWG # 05-08-1635)

2.80-3.10
{(110-.118)
(NOTE 3)

T

260-3.00 1.50-1.75
(102-.118)  (.059—.069) S B — -
(NOTE 3)

l .

!
PIN ONE
A |ii|

.9sJ ‘ ‘ 25— 50
(037) I~ > > ~ (010-.020)

REF (5PLCS, NOTE 2)

_ |
20
(008) Ao +
1.00 MAX
¢ DATUM ‘A’ ¢ (039 MAX) ! ¢
‘ 30~ .50 REF 80-.90 1.90

(012-.019 REF) 09— .20 {1031=035) = (074) " 01-.10
NOTE: (:004-.008) REF (10004 - .004)
1. CONTROLLING DIMENSION: MILLIMETERS (NOTE 2) $5.507-23 0401

MILLIMETERS
2. DIMENSIONS ARE IN (INCHES)

3. DRAWING NOT TO SCALE
4. DIMENSIONS ARE INCLUSIVE OF PLATING
5. DIMENSIONS ARE EXCLUSIVE OF MOLD FLASH AND METAL BURR
6. MOLD FLASH SHALL NOT EXCEED .254mm
7. PACKAGE EIAJ REFERENCE IS:
SC-74A (EIAJ) FOR ORIGINAL
JEDEC MO-193 FOR THIN

RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS
LTC1799 1kHz to 30MHz ThinSOT Oscillator Identical Pinout, Higher Frequency Operation

6900i

LT/TP 0102 1.5K « PRINTED IN USA

Linear Technology Corporation
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