MICR=EL

SM803020

Flexible Ultra-Low Jitter Clock Synthesizer

General Description

The SM803020 is a dual-PLL clock generator that
achieves ultra-low, 74.2fs_rms output jitter at 156.25MHz
output frequency. It accepts a crystal input or a reference
input.

Each output channel is individually configurable to a
differential PECL, LVDS, HCSL, or CMOS output logic
level. PECL is selected by default, but can be overridden
through SPIl. It is packaged in a dual-row 84-pin
7mm x 7mm package.

Datasheets and support documentation are available on
Micrel’s web site at: www.micrel.com.

Typical Application
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Features

Generates twelve 156.25MHz outputs
Independently programmable output logic:

— Output logic: LVPECL (default), LVDS, HCSL,
LVCMOS

74.2fs jitter at 156.25MHz (1.875MHz to 20MHz)
Selectable inputs require 39.0625MHz input frequency
— XTAL (default)

— Differential or single-ended reference clock (SP!I
selectable)

2.5V or 3.3V operating power supply
Separate output power supplies:

— Different banks can be at different levels
Industrial temperature range (—40°C to +85°C)
Green, RoHS, and PFOS compliant

Available in 84-pin 7mm x 7mm QFN package

Applications

1/10/40/100 Gigabit Ethernet
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Ordering Information

Part Number Marking Shipping Ambient Temperature Range Package
SM803020UMY 803020 Tray —40°C to +85°C 84-Pin QFN
SM803020UMYR 803020 Tape and Reel —40°C to +85°C 84-Pin QFN
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] —
4 Z
[V
| = w
212 [
EI gl o E g u_‘;
i w z
gjg 222982 2 ¢29|¢
A HEEEREEEEEE A
ElB @@@@@@ B@ussam
VSSAP2 Q QT O L 3T
VDDAP?Z o E. f; £ =238 2 =2 fl E'TIIVM VDDAP1
EIne & & g Ncd &) [roa
act vooos vDDOA 2] oA
act| [ Evssoc vDDOA[7] o
ac2| B mes0c SM803020 vssoalel — | .
acz BEZ vssoA[i] oA
ac3 | [«
acs| @ [z7vopoc AL & |ans
E g oec vssosf] [14] |raB1
QD1
[EVSSOlq o o @ @ FSA[2)
01| 3 22828 .o 82 (3 |t
FSD [bfsc 22 2 § 8 & ¢ © Fsa[u] [2) |oEs
B G ] [2 B
AVODREEEDEDEED@HD A
o = o o = I B |
w O a|a
51888 §8 38888
>
g
84-Pin QFN 7mm x 7mm
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Pin Description

Pin Number Pin Name Pin Type Pin Level Pin Function
A19, A20 QA1, IQA1
A17, A18 QA2, /IQA2
A15, A16 QA3, /QA3
A13, A14 QB1, /QB1
A10, A11 QB2, /QB2
A8, A9 QB3, /QB3 Differential LVPECL (_default), HCSL, or LVD$ Clock
O, (DIF/SE) LVPECL Outputs or Phase-Adjustable Differential or Single-Ended
A36, A37 QC1, /QC1 CMOS Outputs
A38, A39 QC2, /QC2
A40, A41 QC3, /QC3
A42, A43 QD1, /QD1
A1, A2 QD2, /QD2
A3, Ad4 QD3, /QD3
B12 FSEL_A
B11 FSEL_B Frequency Select, 75kQ pull-up
- I, (SE) LVCMOS 1 = Primary Selection
B40 FSEL_C i
- 0 = Secondary Selection
Ad4 FSEL_D
A21, A35 VDD PWR Power Supply
B18 VDDOA1
817 VDDOA2 PWR Power Supply for Outputs QA1-3
VDDOA3
B8 VDDOB1
B9 VDDOB2 PWR Power Supply for Outputs QB1-3
VDDOB3
B33 VDDOCH1
B37 VDDOC2 PWR Power Supply for Outputs QC1-3
VDDOC3
82 VDDOD1
B3 VDDOD2 PWR Power Supply for Outputs QD1-3
vDDOD3
B20 VDDAP1 PWR Power Supply for PLL1
B31 VDDAP2 PWR Power Supply for PLL2
A27, B25 VDDI1 PWR 3.3V only Power Supply for VCXO, Reference1, Feedback 1
A28 VDDI2 PWR Power Supply for XO, Reference2, Feedback 2
B30 VSS Core Power Supply Ground. The exposed pad must be
PWR
B36 (Exposed Pad) connected to the VSS ground plane.
B15 VSSOA1
B16 VSSOA2 PWR Power Supply Ground for Outputs QA1-3
VSSOA3
B10 VSSOB1
B13 VSSOB2 PWR Power Supply Ground for Outputs QB1-3
VSSOB3
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Pin Number Pin Name Pin Type Pin Level Pin Function
B34 VSSOCH1
B35 VSSOC2 PWR Power Supply Ground for Outputs QC1-3
VSSOC3
B4 VSSOD1
B39 VSSOD2 PWR Power Supply Ground for Outputs QD1-3
VSSOD3
A34 VSSAP1 PWR Power Supply Ground for PLL1
A22 VSSAP2 PWR Power Supply Ground for PLL2
A23 VSSI1 PWR Power Supply Ground for VCXO, Reference1, Feedback 1
A31 VSSI2 PWR Power Supply Ground for XO, Reference2, Feedback 2
Output Enable, Outputs Q0-Q3 disable to tri-state,
B14 OEA1/2/3 I, (SE) LVCMOS )
0 = Disabled, 1 = Enabled, 75kQ pull-up
Output Enable, Outputs Q4-Q7 disable to tri-state,
A12 OEB1/2/3 I, (SE) LVCMOS utput Enable, Outputs Q4-Q7 disable to tri-state
0 = Disabled, 1 = Enabled, 75kQ pull-up
Output Enable, Outputs Q4-Q7 disable to tri-state,
B38 OEC1/2/3 I, (SE) LVCMOS diput Enable, Lulputs isable fo fr-state
0 = Disabled, 1 = Enabled, 75kQ pull-up
Output Enable, Outputs Q4—Q7 disable to tri-state,
B1 OED1/2/3 I, (SE) LVCMOS )
0 = Disabled, 1 = Enabled, 75kQ pull-up
A5, A6, A7, . . .
TEST - - Factory Test pins. Do not connect anything to these pins.
B5, B6, B7
LVPECL
A32 REFOUT _P, : LVDS
A33 REFOUT_N |, (Diff/SE) HCSL Reference Clock Output
LVCMOS
LVPECL
B21 LVDS Ref Clock Input 1
REF1_P,REF1_N | I, (Diff/SE) elerence Liock Inpu
B22 HCSL
LVCMOS
LVPECL
B28 LVDS
REF2_P, REF2_N I, (Diff/SE) Reference Clock Input2
B29 HCSL
LVCMOS
LVPECL
B23 LVDS
FB1_P, FB1_N I, (Diff/SE) Feedback Clock Input1
B24 HCSL
LVCMOS
LVPECL
B26 LVDS
FB2_P, FB2_N I, (Diff/SE) Feedback Clock Input2
B27 HCSL
LVCMOS
Crystal Reference Input, no load caps needed
A29 XTAL_IN I, (SE) 12pF crystal i
(See Figure 9.)
A30 XTAL_OUT 0, (SE) 12pF crystal Crystal_ Reference Output, no load caps needed
(See Figure 9.)
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Pin Number Pin Name Pin Type Pin Level Pin Function
B19, B32 NC
A25 VCXO_OuT 0O, SE VCXO output, 8 to 10pF, programmable
A26 VCXO_IN I, SE VCXO input, 8 to 10pF, programmable
A24 VC | Control voltage for VCXO, positive slope
Truth Tables
PLL_BYPASS XTAL_SEL OEA OEB OEC OED Input Output
0 - 1 1 1 1 - PLL
1 - 1 1 1 1 - XTAL/REF_IN
- 0 1 1 1 1 REF_IN -
- 1 1 1 1 1 XTAL -
- - 0 1 1 1 - QA Tri-state
- - 1 0 1 1 - QB Tri-state
- - 1 1 0 1 - QC Tri-state
- - 1 1 1 0 - QD Tri-state
FSEL Output Frequency (MHz)
1 Primary
0 Secondary
Output Logic Programming
Available output logic types are LVPECL (default), LVDS,
HCSL and LVCMOS.
Each output can be programmed individually to any of the
four logic types through SPI.
Unused outputs can be disabled to high impedance.
All logic types are differential except LVCMOS. LVCMOS
signals are single ended coming out of the Qx pins. During
LVCMOS operation the /Qx pins are disabled.
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Absolute Maximum Ratings® Operating Ratings®®

Supply VOltage (VDD, Vooa, Vool VDDO) ........................ +4.6V Supply VOltage (VDD, VDDO) ................... +2.375V to +3.465V
INPUt VOIAGE (VIN) cvvevervrrrrecreeierieeeeienens -0.5V to +4.6V  Ambient Operating Temperature (Tp) ......... —40°C to +85°C
Lead Temperature (soldering, 20S).......cccccceecveeeennen. 260°C  Maximum Allowable Junction Temp ..........ccccvervnnen. 125°C
Storage Temperature (TS).........ccoevevenenee. -65°C to +150°C  Junction Thermal Resistance

ESD Machine Model ..........ccoocuiiiiiiiiiiiieeecee, 200V 84-pin QFN 7mm x 7mm 0y, Still Air ................. 24°C/W
ESD Human Body Model .........cccooieiiiiieiiiiecce, 2000V

Electrical Characteristics

Typical values are Ta = 25°C, min/max across —40°C < Ta < +85°C, unless otherwise noted.

Symbol Parameter Condition Min. Typ. Max. Units
2.5V Operation 2.375 25 2.625

Vbb, Vbbo Supply Voltage v
3.3V Operation 3.135 3.3 3.465

Vobi_1 Analog Supply Voltage Note 3 3.135 3.3 3.465 \Y,

Vbpi_2 Analog Supply Voltage Note 3 2.375 3.465 \Y,

Vopa PLL Core Voltage 2.375 3.465 \Y,

Ippa PLL Core Current Consumption Per active PLL 60 mA

Ibp Current Consumption 8 mA

Ippi_1 Input 1 Supply Current X0 Input(a) 0 mA
Ref Input 2 mA

Ippi_2 Input 2 Supply Current X0 Input(a) 4 mA
Ref Input 2 mA

LVPECL DC Electrical Characteristics
Vbpcore = Vop = Vopo = 3.3V £5% or 2.5V 5%, Ta = —40°C to +85°C, unless otherwise noted. R = 50Q to Vppo — 2V

Symbol Parameter Condition Min. Typ. Max. Units
Von Output High Voltage 50Q to Vppo — 2V Vppo—-1.35 | Vppo—1.01 | Vppo—0.8 \Y,
VoL Output Low Voltage 50Q to Vppo — 2V Vbpo —2 Vbbo—1.78 | Vppo—1.6 \
VswinG Peak-to-Peak Output Voltage Figure 2 0.65 0.77 0.95 \%

LVDS DC Electrical Characteristics
Vbbcore = Vop = Vbpo = 3.3V 5% or 2.5V 5%, Ta = —40°C to +85°C, unless otherwise noted. R. = 100Q between Q and /Q.

Symbol Parameter Condition Min. Typ. Max. Units

Vob Differential Output Voltage Figure 2 245 350 454 mV

Vewm Common Mode Voltage 1.125 1.2 1.375 \%

Vou Output High Voltage 1.248 1.375 1.602 \%

VoL Output Low Voltage 0.898 1.025 1.252 \%
Notes:

1. 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 datasheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

2. The datasheet limits are not guaranteed if the device exceeds the operating ratings.
3. Crystal input is powered from Vpp, » analog supply voltage source.
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HCSL DC Electrical Characteristics

Vbbcore = Vop = Vbpo = 3.3V 5% or 2.5V 5%, Ta = —40°C to +85°C, unless otherwise noted. R. = 50Q to Vss.

Symbol Parameter Condition Min. Typ. Max. Units
Von Output High Voltage 600 700 850 mV
VoL Output Low Voltage -150 0 27 mV
Vcross Crossing Point Voltage 0.350 Vv
REF_IN DC Electrical Characteristics
Vop = 3.3V 5% or 2.5V +5%, Ta = —40°C to +85°C.
Symbol | Parameter Condition Min. Typ. Max. Units
Vemr Input Common Mode Voltage 0.3 Vpop- 0.3 \%
VswinG Input Voltage Swing Peak to Peak, each side of the Diff Input 0.2 Vep
Crystal Characteristics
Parameter Condition Min. Typ. Max. Units
Mode of Oscillation 12pF Load Typical Fundamental, Parallel Resonant
Frequency 39.0625 MHz
Equivalent Series Resistance (ESR) 60 Q
Load Capacitance, C. 12 pF
Shunt Capacitor, CO 2 4 pF
Correlation Drive Level 10 100 W
July 22, 2013 7 Revision 1.0
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AC Electrical Characteristics
Vop = Vopo1z = 3.3V £5% or 2.5V 5%
Vpp = 3.3V 5%, Vbpo12= 3.3V £5% or 2.5V +5%
Ta=-40°C to +85°C
Symbol Parameter Condition Min. Typ. Max. Units
Fin Input Frequency 39.0625 MHz
Fout Output Frequency LVPECL, LVDS, HCSL, LVCMOS 156.25 MHz
LVPECL output 85 135 350 ps
ToTe Output Rise/Fall Time LVDS output 85 140 300 ps
20% — 80% HCSL output 175 340 700 ps
LVCMOS output 100 200 400 ps
oDC Output Duty Cycle 45 50 55 %
ZDB mode -100 100 ps
Tpd Input to Output Propagation Delay
Synthesizer/Bypass mode 4 ns
Tskew Output-to-Output Skew Note 5, same output bank 50 ps
TLock PLL Lock Time 5 20 ms
Ti(@) RMS Phase Jitter® Integration range (12kHz to 20MHz) 180 fs
Notes:

4. Defined as skew between outputs at the same supply voltage and with equal load conditions; measured at the output differential crossing points.
5. Output-to-output skew is only defined for outputs in the same PLL bank [A:B, C:D] with the same output type setting.
6. All phase noise measurements were taken with an Agilent 5052B phase noise system.
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Phase Noise Performance

PPhase Moise 10,00d8/ Ref -20.00dBc/Hz
20,00 Carrierpl 56, 252423 MHz 1 3.0832 dBr
’ ¥1: 100 Hz -102.2367 dic/Hz
2: 1 knz -121.98588 dBc/Hz
-30.00 3: 10 kHz -126.7284 dic/Hz
4: 100 kHz -134.6600 dpc/Hz
5: 1 MHz -141. 7843 diBc/Hz
40,00 51 5 MHz -159. 0125 dic/Hz
7: 10 MHz -161.7526 dBc/Hz
8: 20 MHz -162.1802 dic/Hz
-30.00 Hrostart L.875 MHZ
stop 20 MHZ
Center 10.9373 MHz
-60.00 8.125 MHz
analysis Range x: Band marker
-70.00 analysis Range v: Band Mafker
Intg wodise: —85.7602 deBc § 17.8 MHZ
RM3 Noise: 72,8623 Jrad
-20.00 4.1747 mdeq
RMs Jitter: 74.216 fsec
o000 Residual FM: 591.599 Hz
-100.0
-110.0
-120.0
2
-130.0
3
-140.0 4
-1530.0 2
-160.0
[ h
7
-170.0
By i = B = =
‘IF Gain 30cB Freq Band [99M-1.5GHz Spur LO Opt [<150kHz F2dpts Corre 96

156.25MHz, integration range 1.875MHz to 20MHz: 74.2fs rms

Agilent E5052B Signal Source Analyzer

PPhase Koise 10.00d8/ Ref -20.00dBc/Hz

-20.00

Carrier 156.251760 MHzT 3.9848 dbl | Trigger
2

—106.4123 dec/Hz
-119.2949 chsz Trigger 1o
000 ~128.4438 decy/Hz B Rk
—136.8256 decsnz i hoeso
-143.5154 dBCc/Hz
-40.00 -159. 5687 dBC/HZ
-162. 8691 dBC/Hz
-163.4882 dBc/Hz
50,00 -163. 5058 dBc/Hz
-163.4568 dBc/Hz
kHz c
60,00 MHZ ontinuous
Center 10.00§ MHZ
Span 19. 388 MHzZ
70,00 ARITIE e Restart
Analysis Range x: Band marker
Analysis Range ¥: Band marker Manual
000 Inty Woise: -77.9493 dBc / 10,65 MHz T
RMS Woise: 179,081 prad
o0.00 10,2608 mdeg Source
s RMS Jitter: 182.408 fsec Internal »
residual FM: 518.225 Hz -
100.0 Ext Trig Polarity
Negative
-110.0 4 Ext Trig Output  »
-120.0 Average Trigger
2 OFF
-130.0 Window Couple
-140.0
-150.0
-160.0 7
A
-170.0 9
100,55 D 155 = = =
IF Gain 30dB Freq Band [990-1.5GHz Spur LO Opt [=150kHz F24pts Corre &

Cor|Ctl 2V|Pow 2V ]Atn OdBExtRef 1 |ExtRef2|Stop)Sve | 2012-07-20 1439

B/6

156.25MHz, integration range 12kHz to 20MHz: 182.4fs rms
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Application Information

Input Reference

When operating with a crystal input reference, do not apply
a switching signal to a REF_IN.

Crystal Layout

Keep the layers under the crystal as open as possible and
do not place switching signals or noisy supplies under the
crystal.

Crystal load capacitance is built inside the die so no
external capacitance is needed. See the Selecting a
Quartz Crystal for the Clockworks Flex | Family of
Precision Synthesizers application note for more details.

Contact Micrel's HBW applications group if you need help
selecting a suitable crystal for your application at:
hbwhelp@micrel.com.

Power Supply Filtering Recommendations

0.50 S
VDD PLANE—’\/V\/TfO_O_O‘ B R i
10pi 0.047uF| 0.01uF| 4.7nF
0.50 s
VDDPLANE—'\/\/\/—TfOT)—O\ T [ VoDaer2
10pi 0.047uF| 0.014F| 4.7nF
FB
0.50 — Ve
VDD PLANE—’\/\/\/—_L—‘ oo
L L L L ovooe

10pi 0.047pio.o1pi 4.7ni

Figure 1. Recommended Power Supply Filtering

e Use the power supply filtering shown in Figure 1 for
VDDAP1, VDDAP2, VDDI1 and VDDIZ2.

e Connect the VDDO and VDD pins directly to the VDD

ODC=

Al x100%
T

Qo

-
-

—
-
-

R F

Figure 3. All Outputs Rise/Fall Time

power plane.
e Connect all VSS pins directly to the ground power
plane.
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RMS PHASE NOISE/MJITTER
he
g PHASE NOISE PLOT
(@)
o
w
2]
e / \)ﬂ-IASE NOISE MASK
f1 f2
OFFSET FREQUENCY
RMS JITTER = VAREA UNDER THE MASKED PHASE NOISE PLOT
Figure 4. RMS Phase/Noise Jitter
2V VDDO
VDD, VDDA, VDDO 55611 LoSCOPE OSCILLOSCOPE
Q
Z0 =50Q
Q
50Q 50Q
VSS
~1.3V or —0.5V - - = - -
Figure 5. LVPECL Output Load and Test Circuit Figure 6. HCSL Output Load and Test Circuit
VDD = VDDA = 3.3V +VDDO/2

VDDO = 2.5V or 3.3V

OSCILLOSCOPE

50Q

-VDDO/2

Figure 7. LVDS Output Load and Test Circuit Figure 8. LVCMOS Output Load and Test Circuit
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XTAL_IN

12pF PARALLEL CRYSTAL =

XTAL_OUT

Figure 9. Crystal Input Interface

AC-Coupled Signal Interfacing

PECL LVDS
Vee ZO =50Q
=]
b3 SR1 3500
z,=500 OTF TF LVDS 0-1uF : Any-In
—a——| Jﬁ Z, =500 " (\:/)_;:500
Z,=50Q - 11
= l
! J 0.1uF ‘&
3.3V OUTPUT V, > R3 01WF o3 SR2 3SY9§2TQPUT Ve
R3 =100Q > > - . _
2.5V OUTPUTV,, 2§66L3T()§UTV LVDS: V source = 1.25V
R3 =50Q AV 4 R1 = 680 cc
R2 =220Q
Thevenin Equivalent Conventional Termination Vo
Z,=500 | 0.1pF ==
11
0.1uF Vi
LvDS
Z = 509 I I
PECL 0.1pF VREF-AC
Micrel Any-In Internal Termination
3.3V OUTPUT V,, R1
R1=100Q
2.5V OUTPUT V,, v
R1=50Q
Micrel Any-In Internal Termination
July 22, 2013 12 Revision 1.0
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DC-Coupled Signal Interfacing

PECL LVDS
+3.3V Z,=50Q
PECL 100Q
R1 R1 Z,=50Q %
+3.3V 130Q < $130Q  +3.3V .
Z,=50Q N
Z, =500 Conventional Method
a9 >
R2S S R2
820 82Q
FOR +2.5V SYSTEMS, V.=V, -2V
R1=250Q, R2 =62.5Q V.
Parallel Termination (Thevenin Equivalent) o
Vv

REF-AC

Micrel Any-In Internal Termination

+3.3V - +3.3V
Z=50Q ~
Z=50Q
50Q3 3500
SOURCE ) DESTINATION
e e
> C1
0.01uF
(OPTIONAL)

Notes:

7. Power-saving alternative to Thevenin termination.

8. Place termination resistors as close to destination inputs as possible.
9. Ry resistor set the DC bias voltage, equal to V.

10. For 2.5V systems, R, = 19Q. For 3.3V systems, R, = 50Q.

Parallel Termination (3-Resistor)
“Y-Termination”

July 22, 2013 13 Revision 1.0
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Package Information!'"
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NOTE:

1. MAX PACKAGE WARPAGE IS 0.05mm.

2. MAX ALLOWABLE BURR IS 0.076mm IN ALL DIRECTIONS.

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

4. RED CIRCLE IN LAND PATTERN INDICATES THERMAL VIA. SIZE SHOULD BE 0.30-0.35mm IN DIAMETER AND SHOULD BE CONNECTED TO
GND FOR MAXIMUM THERMAL PERFORMANCE. PITCH IS 0.90mm.

5. GREEN RECTANGLES (SHADED AREA) REPRESENT SOLDER STENCIL OPENING ON EXPOSED PAD AREA. RECOMMENDED SIZE IS 0.70x0.70
mm, PITCH IS 0.90 mm.

84-Pin QFN 7mm x 7mm
Note:

11. Package information is correct as of the publication date. For updates and most current information, go to www.micrel.com.

MICREL, INC. 2180 FORTUNE DRIVE SAN JOSE, CA 95131 USA
TEL +1 (408) 944-0800 FAX +1 (408) 474-1000 WEB http://www.micrel.com

Micrel makes no representations or warranties with respect to the accuracy or completeness of the information furnished in this data sheet. This
information is not intended as a warranty and Micrel does not assume responsibility for its use. Micrel reserves the right to change circuitry,
specifications and descriptions at any time without notice. No license, whether express, implied, arising by estoppel or otherwise, to any intellectual
property rights is granted by this document. Except as provided in Micrel’'s terms and conditions of sale for such products, Micrel assumes no liability
whatsoever, and Micrel disclaims any express or implied warranty relating to the sale and/or use of Micrel products including liability or warranties
relating to fitness for a particular purpose, merchantability, or infringement of any patent, copyright or other intellectual property right.

Micrel Products are not designed or authorized for use as components in life support appliances, devices or systems where malfunction of a product
can reasonably be expected to result in personal injury. Life support devices or systems are devices or systems that (a) are intended for surgical
implant into the body or (b) support or sustain life, and whose failure to perform can be reasonably expected to result in a significant injury to the user. A
Purchaser’s use or sale of Micrel Products for use in life support appliances, devices or systems is a Purchaser’s own risk and Purchaser agrees to fully
indemnify Micrel for any damages resulting from such use or sale.

© 2013 Micrel, Incorporated.
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