MICROCHIP

SY89874U

2.5 GHz, Any Differential In-to-LVPECL, Programmable Clock
Divider/Fanout Buffer with Internal Termination

Features

* Integrated Programmable Clock Divider and 1:2
Fanout Buffer

» Guaranteed AC Performance over Temperature
and Voltage:

- >25GHz fMAX
- <250 ps t/t;
- <15 ps Within-Device Skew
» Low Jitter Design:
- <10 pspp Total Jitter
- <1 psrums Cycle-to-Cycle Jitter
* Unique Input Termination and V1 Pin for

DC-Coupled and AC-Coupled Inputs; CML,
PECL, LVDS, and HSTL

* TTL/CMOS Inputs for Select and Reset

* 100KEP-Compatible LVPECL Outputs

 Parallel Programming Capability

* Programmable Divider Ratios of 1, 2, 4, 8, and 16
» Low-Voltage Operation: 2.5V or 3.3V

* Output Disable Function

* —40°C to +85°C Temperature Range

* Available in 16-Pin (3 mm x 3 mm) QFN Package

Applications

» SONET/SDH Line Cards
* Transponders
» High-End Multiprocessor Sensors

United States Patent No. RE44,134

General Description

This low-skew, low-jitter device is capable of accepting
a high-speed (e.g., 622 MHz or higher) CML, LVPECL,
LVDS, or HSTL clock input signal and dividing down the
frequency using a programmable divider ratio to create
a frequency-locked, lower speed version of the input
clock. Available divider ratios are 2, 4, 8, and 16, or
straight pass-through. In a typical 622 MHz clock
system this would provide availability of 311 MHz,
155 MHz, 77 MHz, or 38 MHz auxiliary clock
components.

The differential input buffer has a unique internal
termination design that allows access to the
termination network through a Vg pin. This feature
allows the device to easily interface to different logic
standards. A Vggpac reference is included for
AC-coupled applications.

The /RESET input asynchronously resets the divider. In
the pass-through function (divide by 1) the /RESET
synchronously enables or disables the outputs on the
next falling edge of IN (rising edge of /IN).
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SY89874U

Functional Block Diagram
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TRUTH TABLE

IRESET S2 S1 SO Outputs
1 0 X X Reference clock (pass-through)
1 1 0 0 Reference clock + 2
1 1 0 1 Reference clock + 4
1 1 1 0 Reference clock + 8
1 1 1 1 Reference clock + 16
0 1 X X Q = Low, /Q = High clock disable
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SY89874U

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

SUPPIY VOIRAGE (VGG +-veevrermrieiiteette ittt ettt sttt ettt ettt s et ettt e bt se e et e e san e e nb e e eareeneesanes —-0.5V to +4.0V
INPUL VOIAGE (V[N +eevveemreeimreetie ittt sttt ettt ettt ettt b et r et e eae e st e nbe e e e sbe e e eenne e —0.5V to Ve + 0.3V
ECL Output Current

L0707 2111910 o 0 £ SRR 50 mA

S TU o = TSROSO PPROOPPRPRN 100 mA
INPUL CUMTENT IN, /IN ([10) -+ eeeereerreeetee ettt ettt ettt r et ee e sttt e et e e bt e sse e e ene e sebeebeeseneenbeeeeenee e +50 mA
VT CUITENE (I/T) ettt ettt ettt ettt ettt ettt eh ettt e bt et e bt e e et e e s he e et e eeh et e bt e bt e e bt e sane et e nneesneeneenaeean +100 mA
VRer-ac Sink/Source Current (WREF-AC) (NOIE 1) oo 2 mA

Operating Ratings 11
SUPPIY VOIRAGE (VGG +vveemreermrieitieniit ettt ettt ettt ettt ettt sttt sae et e saee s +3.3V £10% or +2.5V 5%

T Notice: Permanent device damage may occur if absolute maximum ratings are exceeded. This is a stress rating only
and functional operation is not implied at conditions other than those detailed in the operational sections of this data
sheet. Exposure to absolute maximum ratings conditions for extended periods may affect device reliability.

11 Notice: The data sheet limits are not guaranteed if the device is operated beyond the operating ratings.

Note 1: Due to the limited drive capability, use for input of the same package only.

© 2018 Microchip Technology Inc. DS20006108B-page 3



SY89874U

DC ELECTRICAL CHARACTERISTICS (Note 1)

Electrical Characteristics: T, = —40°C to +85°C, unless otherwise stated.

Parameters Sym. Min. Typ. Max. Units Conditions
Power Supply Vee 2.375 — 3.63 \Y —
Power Supply Current lce — 50 75 mA No load, max. Ve
Differential Input
Resistance (IN-to-/IN) Rin 9% 100 110 Q o
Input High Voltage .
(IN, /IN) VIH 0.1 VCC +0.3 V Note 2
Input Low Voltage (IN, /IN) Vi -0.3 — Viy—-0.1 \ Note 2
Input Voltage Swing VN 0.1 — Vee \ Note 2, Note 3
Different Input Voltage
Swing P 9 Vore N | 02 — — V. |Note 2, Note 3, Note 4
Input Current (IN, /IN) N — — 45 mA Note 2

Vee - Vee - Vee -

Reference Voltage VREF-AC 1525 1405 1305 V Note 5

Note 1: The circuit is designed to meet the DC specifications shown in the above table after thermal equilibrium
has been established.
2: Due to the internal termination (see Input Buffer Structure), the input current depends on the applied volt-
ages at IN, /IN, and V inputs. Do not apply a combination of voltages that causes the input current to
exceed the maximum limit. Performance might be impacted if the differential inputs are driven sin-

gle-ended.

3: See Timing Diagram for V| definition. V|5 (maximum) is specified when V| is floating.

»

See Definition of Single-Ended and Differential Swing section for Vpgg definition.

5: Operating using Vrer.ac is limited to AC-coupled PECL or CML applications only. Connect directly to the

V pin.

LVPECL (100KEP) DC ELECTRICAL CHARACTERISTICS
Electrical Characteristics: V¢ = 3.3V £10% or 2.5V #5%; T, = —40°C to +85°C, R = 50Q to V¢ — 2V, unless

otherwise stated. Note 1

Parameter Symbol Min. Typ. Max. Units Condition
Output High Voltage Von Vec—1.145 | Ve —1.020 \6%09; Vo=
Output Low Voltage Vo | Vec-1945 | Vec-1.820 | Yo | v |
Output Voltage Swing Vout 550 800 1050 mvV |—
eci)flftzrggﬂsav'vﬁ;tp“t VbIFF_ouT 1.10 1.60 2.10 Vo|—

Note 1: The circuit is designed to meet the DC specifications shown in the LVPECL (100KEP) Electrical Charac-
teristics table after thermal equilibrium has been established.

DS20006108B-page 4
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SY89874U

LVTTL/CMOS DC ELECTRICAL CHARACTERISTICS
Electrical Characteristics: Vo = 3.3V £10% or 2.5V #5%; Tp = —40°C to +85°C, unless otherwise stated. Note 1

Parameter Symbol Min. Typ. Max. Units Condition
Input High Voltage ViH 2.0 — — \Y —
Input Low Voltage Vi — — 0.8 \ —
Input High Current IH -125 — 20 MA | —
Input Low Current e -300 — — MA [ —

Note 1:

table after thermal equilibrium has been established.

AC ELECTRICAL CHARACTERISTICS

Electrical Characteristics: V¢ = 3.3V £10% or 2.5V +5%; Tp = —40°C to +85°C, R = 50Q to V¢ — 2V, unless
otherwise stated. Note 1, Note 2

The circuit is designed to meet the DC specifications shown in the LVTTL/CMOS Electrical Characteristics

Parameter Symbol Min. Typ. Max. | Units Condition
Maximum Output Toggle 2.5 — — Output swing =400 mV
Frequency fMAX GHz
Maximum Input Frequency 3.2 — — Divide by 2, 4, 8, 16
Differential Propagation ¢ 540 650 790 os Input swing <400 mV
Delay IN-to-Q PD 480 | 600 | 730 Input swing =400 mV
Within Device Skew . 7 15
(Differential) Q0 - Q1 ; Note 3

S ote
Part-to-Part Skew SKEW . . 250 P
(Differential)
Reset Recovery Time trRr 600 — — ps |Note 4
Cycle-to-Cycle Jitter — — 1 pPsrms | Note 5
Total Jitter — — 10 pspp |Note 6
LITTER Integration Range: 12 kHz to
Additive Phase Jitter — 81 — fsrms |20 MHz, Carrier: 622.08 MHz,
Tp=+425°C
Rise/Fall Time (20% to
80%) o/t 70 150 250 ps |—

Note 1:
stated.

Specification for packaged product only.

Skew is measured between outputs under identical transitions.
See the Timing Diagram section.
Cycle-to-cycle jitter definition: The variation in period between adjacent cycles over a random sample of

Measured with 400 mV signal, 50% duty cycle, all outputs loaded with 50Q to V¢ — 2V, unless otherwise

adjacent cycle pairs. trrer_cc = th — th+1, Where “t" is the time between rising edges of the output signal.

6: Total jitter definition: With an ideal clock input, of frequency <fyyax (device), no more than one output edge
in 1012 output edges will deviate by more than the specified peak-to-peak jitter value.

© 2018 Microchip Technology Inc.
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SY89874U

TEMPERATURE SPECIFICATIONS

Parameters ‘ Sym. | Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Operating Ambient Temperature Range Ta —40 — +85 °C |—
Lead Temperature — — — +260 °C | Soldering, 20 sec.
Storage Temperature Range Ts -65 — +150 °C |—
Package Thermal Resistances
0Ja — 60 — °C/W | Still-air
Thermal Resistance, 3x3 QFN-16Ld 0Ja — 54 — °C/W |500 Ipfm
Vs — 32 — °C/W | Junction-to-board, Note 1

Note 1: Junction-to-board resistance assumes exposed pad is soldered (or equivalent) to the device’s most

negative potential on the PCB.

Timing Diagram

/RESET Veer
tRR
IN
“ X X X A
/IN
V,y SWING tep
Q
Q

Vour SWING
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SY89874U

2.0 TYPICAL PERFORMANCE CURVES

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Vee = 3.3V, V) =400 mV, Ty = +25°C, unless otherwise stated.
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SY89874U

3.0 ADDITIVE PHASE NOISE PLOT
Additive jitter is defined as the RMS Jitter of the device added to the input signal and is calculated in Equation 3-1.

EQUATION 3-1:

DeviceAdditiveJitter = A/Ouz‘putRMSJitterz—InputRMSJitter2

pPhase Moise 10,0008, Ref -20.00dBcfHz

Cartier 622,079933 MHzT  0.6800 dBm

-20.00 p

1 100 Hz =111, 0998 dec/Hz
2 1 kHz -126.69%41 dec/Hz
20,00 3 10 kHz -140.0497 deC/Hz
4 100 kHz -141.8047 dec/Hz
5: 1 MHz -145.3169 dec/Hz
40,00 G 5 MHz =145.85259 dBc/Hz
7 10 mHz | -145.8477 dec/Hz
8: 20 mMHz  -145.8922 dBc/Hz
-50.00 O30 MHZ -145.8995 dBc/Hz
=10: 40 MHz -145.8778 dBc/Hz
=1 start 12 kHz
-60,00 Stop 20 MHz
Center 10,006 MHZ
Span 19,988 MHz
-70.00 === Noisg ===
analysis Rrange =: Band marker
analysis Range ¥ Band Marker
-80.00 Tntg Hoise: -72.6398 dEc / 19.65 MHZ
RME Moise: 330,008 prad
18. 2081 mdeg
-50.00 RMS Jitter: B84.43 fsec
Residual FM: 3.63481 kHz
-100.0
-110.0 'II I ﬁ
|
” il
-120.0 |'H l - |
! il
-130.0 [ "Il |'J|-j"'- |
‘ “j“ |r‘*
h 1] rL |
-140.0 L ’ 1
T{" 'F“. i ”""W"'l"w""‘"?f E'%
B ; i AT A
-150.0 5 3 2
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-160.0 5 : | L
i} il
] 7
-170.0
18004 Fi ey 185K i) = A
FIGURE 3-1: Integrated Phase Noise Plot of SY89874U (Device) and the Source (Input Signal).

From the plot shown in Figure 3-1, the device additive jitter can be calculated as follows.

EQUATION 3-2:

CalculatedAdditiveJitter = A/84.43° —23.07° = 81.21fs

DS20006108B-page 8
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SY89874U

4.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 4-1.

TABLE 4-1: PIN FUNCTION TABLE
Pin Number Symbol Description
Differential input. Internal 50Q termination resistors to V1 input. Flexible
12,9 IN, /IN input accepts any differential input. See the Input Interface Applications
section.
Differential buffered LVPECL Outputs. Divided by 1, 2, 4, 8, or 16. See Truth
1,2, QO0, /Q0 . . . ;
Table. Unused PECL outputs may be left floating with no impact on jitter
3,4 Q1, /Q1
performance.
Select pins. See Truth Table. LVTTL/CMOS logic levels. Internal 25 kQ
16, 15,5 S0, S1, 82 pull-up resistor. Logic high if left unconnected (divided by 16 mode). Input
threshold is Vc/2.
6 NC No connect.
LVTTL/CMOS logic levels. Internal 25 kQ pull-up resistor. Logic high if left
/RESET unconnected. Apply low to reset the divider (divided by 2, 4, 8, or 16 mode).
8 /DISABLE Also acts as a synchronous disable/enable function. The reset and disable
function occurs on the next high-to-low clock input transition. Input threshold
is Vcc/z.
Reference voltage. Equal to V¢ — 1.4V (approximately). Used for
10 VREF-AC AC-coupled applications only. Decouple the Vrgg_ac pin with a 0.01 pF
capacitor. See the Input Interface Applications section.
11 V Termination center tap. For CML or LVDS inputs, leave this floating.
T Otherwise, see the figures within the Input Interface Applications section.
7,14 Vee Positive power supply. Bypass with 0.1 uF//0.01 puF low-ESR capacitor.
13 GND, Ground. Exposed pad must be connected to a ground plane that is the

Exposed Pad

same potential as the ground pin.

© 2018 Microchip Technology Inc.
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SY89874U

5.0 DEFINITION OF SINGLE-ENDED AND DIFFERENTIAL SWING

Single-ended swing is defined as the amplitude of the signal when driven differentially. Differential swing is defined as

IN=/IN (or Q - /Q).

IN, Q

VIN, VOUT

800mV
(TYPICAL)

IN, Q

VDIFF_IN! VDIFF_OUT
1600mV (TYPICAL)

FIGURE 5-1: Single-Ended Swing.

6.0 INPUT BUFFER STRUCTURE

VCC

1.86k0 3 21.86k0
| [
1.86kQS ﬁ 1.86kQ
IN o
2500
Vi g q,
$ 500 GND
/IN
FIGURE 6-1: Simplified Differential Input
Stage.

FIGURE 5-2: Differential Swing.
VCC
25kQ 2 2R
S0
oy O )
IRESET )
2R
GND
FIGURE 6-2: Simplified LVTTL/CMOS
Input Stage.

DS20006108B-page 10
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SY89874U

7.0 INPUT INTERFACE APPLICATIONS

VCC VCC
Vee Vee 0 T
IN
IN
/IN
/IN
SY89874U
SY89874U
V
GND  NCo—{V; A4 Veo !
GND GND ?—| Vegrac
NC O— Vrerac 0.01pF
*NOTE: 33V:Rpq=1000  ~°

2.5V: R4 =500

FIGURE 7-1: DC-Coupled CML Input FIGURE 7-4: AC-Coupled PECL Input
Interface. Interface.
Vee Vee Vee Vee
|— IN IN
LVDS
/N /IN
SY89874U SY89874U
GND Ve V; GND NCp— V;
VRer-ac NC O— Vrer-ac
0.01pF
FIGURE 7-2: AC-Coupled CML Input FIGURE 7-5: LVDS Input Interface.
Interface.
Vee Vee Vee Vee
T ; T
IN
IN
O /IN
< SY89874U O /IN
GND Vo2V vr SY89874U
0.01uF R** Y
. I 1 NC o Vrer.ac GND Vr
VCC NC 00— VREF-AC
*: BYPASS_WITH 0.01pF TO V¢
R GND
FIGURE 7-3: DC-Coupled PECL Input FIGURE 7-6: HSTL Input Interface.

Interface.

© 2018 Microchip Technology Inc. DS20006108B-page 11
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8.0 LVPECL OUTPUT TERMINATION RECOMMENDATIONS

+3.3V

R1 R1

+3.3V Zo =500 1300 21300 +:,.\3V

Zo =500 J,‘?
)]
= R2 < < ;2\ =
820 % ?820 V=Vee - 2V

FIGURE 8-1: Parallel Termination
Thevenin Equivalent.

For Figure 8-1, note that for +2.5V systems: R1 =
2500, R2 = 62.5Q.

+3.3V Z =500 ’\1-3.3V

) >
Z =500
)

- 500 2 3500 -

“SOURCE” “DESTINATION’
* (OPTIONAL)
500 in % c1
= = 0.01F
FIGURE 8-2: Three-Resistor “Y

Termination”.

For Figure 8-2, note that this is a power-saving
alternative to Thevenin termination. Place termination
resistors as close to destination inputs as possible. The
Ry, resistor sets the DC bias voltage, equal to V. For
+3.3V systems Ry, = 46Q to 50Q. For +2.5V systems,
Ry = 39Q. C1 is an optional bypass capacitor intended
to compensate for any t/t; mismatches.

+3.3V +3.3V

: ‘
V+=Vee — 1.3V
+3. > 0 F1kQ +3.
Q 13009 NG
Zo =500 /
> r
<TNR AN 'R Jij

- Vr=Vge - 2V e R0 -
: R2 R2
=_=820 =820 1
FIGURE 8-3: Terminating Unused I/0.

For Figure 8-3, note that the unused output (/Q) must
be terminated to balance the output. For +2.5V
systems: R1 = 250Q, R2 = 62.5Q, R3 = 1.25kQ, R4 =
1.2 kQ.

DS20006108B-page 12
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9.0 PACKAGING INFORMATION

9.1 Package Marking Information

16-Lead QFN* Example
oMM - oMM -

XXXX 847U

WNNN 1288

Legend: XX...X Product code or customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Ww Week code (week of January 1 is week ‘01)
NNN Alphanumeric traceability code
Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

e, A, V Pin one index is identified by a dot, delta up, or delta down (triangle
mark).

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information. Package may or may not include
the corporate logo.

Underbar (_) and/or Overbar (7) symbol may not be to scale.

© 2018 Microchip Technology Inc. DS20006108B-page 13



SY89874U

16-Lead 3 mm x 3 mm QFN Package Outline and Recommended Land Pattern

TITLE
16 LEAD QFN 3x3mm PACKAGE OUTLINE & RECOMMENDED LAND PATTERN

DRAWING # | QFN33-16LD-PL-1 [ UNIT | MM
PIN #1 IDENTIFICATION
PIN 1 DOT ~—3.0000£0.050 —= 55000050 CHAMFER 0.300 X 45°
BY MARKING \ Exp.DAP ‘
\. J U U U]/ o]4000=0.050
]
* D)  G—
2 0.5000 BSC:) -,
1,.5500%0,050
3,0000%0,050 f S — Exp.DAP
i:) _— ‘
02300200503 | (1 (1 (1
1.5000
Ref.
T0P VIEW BOTTOM VIEW

NOTE' 1, 2, 3 NOTEr 1, 2, 3

— 0.850+0.050
tl oooo—+t
0.000-0.050 J 0.20301040253—
SIDE VIEW

NOTE: 1, 2, 3

NOTE:

1. MAX PACKAGE WARPAGE IS 0.05 MM

2. MAX ALLOWABLE BURR IS 0076 MM IN ALL DIRECTIONS

3. PIN #1 IS ON TOP WILL BE LASER MARKED

4. RED CIRCLE IN LAND PATTERN INDICATE THERMAL VIA. SIZE SHOULD BE 0.30-0.35 MM
IN DIAMETER AND SHOULD BE CONNECTED TO GND FOR MAX THERMAL PERFORMANCE

S. GREEN RECTANGLES (SHADED AREA) indicate SOLDER STENCIL OPENING ON EXPOSED
PAD AREA. SIZE SHOULD BE 0.60x0.60 MM IN SIZE, 0.20 MM SPACING.

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging.

Note: Package meets Level 2 moisture sensitivity classification and is shipped in dry-pack. Exposed pads must
be soldered to a ground for proper thermal management.

DS20006108B-page 14 © 2018 Microchip Technology Inc.
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RECOMMENDED LAND PATTERN

POD-Land Pattern drawing # QFN33-16LD-PL-1

http://www.microchip.com/packaging.

NOTE: 4, 5
[ ]
I ]
e
I ]
[ ]
STACKED-UP
0.80+0.02 0.70£0.02
0.48%002 | | 040002 | | ’ | 010002
[pojpe NICE T
1 [ T | R 745 R
Y8 S L S S
. ] (I =g =g p= o ] S| o
=I0N B ’q} Hi#E o i e
sl + 3|3 < alqlS
™ — | ™ Sl ™
af L] — o | | H
o o o
o ~
gl OO0 | il 1s
o 1.60£0.02 1.40+0.02
0 2.24%0.02 2.24+0.02
3.20%0.02 I 3.04+0.02
[ [
EXPOSED METAL TRACE SOLDER STENCIL OPENING
Note: For the most current package drawings, please see the Microchip Packaging Specification located at

© 2018 Microchip Technology Inc.
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NOTES:
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APPENDIX A: REVISION HISTORY

Revision A (October 2018)
» Converted Micrel document SY89874U to Micro-
chip data sheet template DS20006108A.

* Minor text changes throughout.

« Added information about Additive Phase Jitter in
AC Electrical Characteristics table and Additive
Phase Noise Plot section.

Revision B (November 2018)

» Corrected units of measurement for Additive
Phase Jitter in AC Electrical Characteristics from

PSrms 1o fspus-

© 2018 Microchip Technology Inc.
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NOTES:
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SY89874U

PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, contact your local Microchip representative or sales office.

Examples:
PART NO. X X X -XX
T T T 1 a) SY89874UMG: SY89874, 2.5V/3.3V Input
Device Input Package Temperature Tape Voltage, 3 mm x 3 mm 16-Lead
Voltage Range and Reel QFN, —40°C to +85°C

Temperature Range, 100/Tube

b) SY89874UMG-TR: SY89874, 2.5V/3.3V Input
Voltage, 3 mm x 3 mm 16-Lead

SY89874: 2.5GHz, Any Differential In-to-LVPECL,
Device: Programmable Clock Divider/Fanout Buffer

with Internal Termination QFN, —40°C to +85°C
Temperature Range,
1,000/Reel
Input Voltage: U = 2.5V/3.3V

Note 1:  Tape and Reel identifier only appears in the
catalog part number description. This
Package: M = 3mmx3mm QFN-16 identifier is used for ordering purposes and
is not printed on the device package. Check
with your Microchip Sales Office for package

;emperature G = —40°C to 85°C (NiPdAu Lead-Free) availability with the Tape and Reel option.
ange:

Special <blank>=  100/Tube

Processing: TR = 1,000/Reel

© 2018 Microchip Technology Inc. DS20006108B-page 19
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
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