SiT92113

HiTime

5 Output Ultra Low Jitter LVCMOS Fan out Buffer

Description

The SiT92113 is a 5 output low-jitter clock, fan-out buffer,
intended to be used in low jitter, high frequency clock/data
distribution. The low impedance LVCMOS outputs are
designed to drive 50 Q series or parallel terminated
transmission lines.

The buffer can choose a clock input from primary,
secondary or crystal source. The primary and secondary
clock sources can be single ended or fully differential. The
selected clock is distributed to 5 LVCMOS output drivers.

The SiT92113 operates from a 3.3 V/2.5 V core supply and
3.3 V/2.5 V output supply. The core supply and output
supply are independent of each other and no supply
sequencing is required.

Applications

e Carrier Ethernet
¢ 5G Wireless Infrastructure, Small Cells

Nomenclature:

SiT92113: 24 pin, 4 mm x 4 mm, QFN

Features

Additive jitter performance of 50 fs RMS.

Typical output skew between clock outputs is 30 ps
Level translation with core supply voltage of 3.3 V/2.5
V and 3.3 V/2.5 V / 1.8 V/ 1.5V output supply for
LVCMOS output drivers.

The device inputs consists of primary, secondary and
crystal inputs.

The inputs are selected by programming input select
pins of SiT92113. The input clock receiver in
SiT92113 can accept LVPECL, LVDS, LVCMOS,
SSTL, HCSL and OSC waveforms.

Crystal frequencies from 8 MHz to 50 MHz are
supported.

Crystal input can be over driven with frequency up to
250 MHz in crystal bypass mode

SiT92113 buffer is available in a 24-pin, 4 mm x 4 mm
QFN package.
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Figure 1. SiT92113 Block Diagram
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Ordering Information

SiT92113 Al -

L

Part Family
“SiT9213’

Packaging
“T” : 3ku Tape & Reel

Revision Letter
“A” is the revision of silicon

Temperature Range
“I” : Industrial-40°C to 105°C
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Electrical Characteristics

Table 1 Absolute Maximum Ratings

Core Supply Voltage Voo -0.5 3.6 \%
Output Supply Voltage Vboo -0.5 3.6 \%
Input voltage, All Inputs, VN -0.3 VDD+0.3 \%
except OSC_IN

OSC_IN Vin -0.3 15 \%

Storage temperature Tste -55 150 °Cc
Junction Temperature T, 125 °C

Moisuture Saturation Level MSL 3

Notes:

1. Exceeding maximum ratings may shorten the useful life of the device.

2. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or at any other conditions beyond those indicated under the DC Electrical Characteristics is not implied. Exposure to Absolute-
Maximum-Rated conditions for extended periods may affect device reliability or cause permanent device damage.

Table 2 Recommended Operating Supply Temperatures

Ambient Temperature Ta -40 27 105 °C
3.135 3.3 3.465 \Y,
Core Supply Voltage Voo
2.375 25 2.625 \%
3.135 3.3 3.465 \%
2.375 25 2.625 \%
Output Supply Voltage Voo
1.6 1.8 2 \%
1.35 1.5 1.65 \%
Notes:
1. Junction temperature should be less than 125 °C
Table 3 ESD Ratings
Electrostatic Discharge Human Body Model 2000 \%
Charged Body Model 500 \%
Table 4 Thermal Characteristics
Junction to ambient o 434 C/W

thermal resistance

Rev 0.5

Page 5 of 37

www.sitime.com



HiTime

SiT92113 5 Output Ultra Low Jitter LVCMOS Fan out Buffer

Table 5 DC Electrical Characteristics

Unless otherwise specified: Vpp = 3.3V + 5%, 2.5V + 5%, Vppo =
3.3V +5%,25V +£5%, 1.8V +10%, 1.5V + 10%,

-40 °C < TA £ 85 °C, CLKO/1 driven differentially, input slew

rate = 2 V/ns. Typical values represent most likely parametric
norms at Vpp = 3.3 V, Vppo = 3.3V, TA=25°C.

Current Consumption
Static current taken by core Vpp =3.3V, Vppo =3.3V,
supply when no toggling Fn=0 IcoresTaTic 16 198 mA
Static current taken by _ _
output driver supply when no Voo =3.3 I\:/ YDSO =33V, loDR,STATIC 35 4.2 mA
toggling N
Current taken by core Voo =3.3V, Vppo =3.3V, lcore,sTaTIC.O
supply, if OSC is enabled Fosc = 25 MHz sc) 115 14 mA
Power Dissipation Vpp = 3.3V, Vppo =3.3V,
Capacitance per output Fin =200 MHz Ceow 4 52 PF
Dynamic current taken by Vpp =3.3V, Vppo =3.3V,
core supply Fin = 100 MHz lcore.om 13 1.56 mA
Input Control Pin Characteristics
High level input voltage Vg 0.7*Vpp Vop \%
Low level input voltage Vi GND 0.3*Vpp \%
High level input current Viy=Vpp =3.3V I 30 50 uA
Low level input current m -20 0.1 UA
Pull down resistance RpuLLoown 200 KQ
Input capacitance Cin 2 pF
Notes:
1. Specification is guaranteed by Characterization and not tested in production
Table 6 Digital Inputs (OE, SEL)
Input Low Voltage Vi GND 0.3*VDD \%
Vin 0.7*vDD VDD \Y
Input High Voltage
High Level Input Current Viu=Vpp =33V I 30 50 uA
Low Level Input Current I -20 0.1 UA
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Table 7 Input Clock Characteristics

Unless otherwise specified: Vpp = 3.3 V + 5%, 2.5V + 5%, Vppo =

3.3V +5%,25V +5%, 1.8V +10%, 1.5V + 10%,
-40 °C < TA £ 85 °C, CLKO/1 driven differentially, input slew

rate = 2 V/ns. Typical values represent most likely parametric
norms at Vpp = 3.3 V, Vppo = 3.3V, TA=25°C.

DC Characteristics of universal input clock pins
High level input current Viu= Vpp = 3.465 V I 650 UuA
Low level input current I -650 uA
Pull up or pull down RpuLLup_PuLLDOWN 7.5 KQ
resistor on CLKO/1
Differential Input Voltage Vipirr 0.15 1.3 \%
Swing (peak to peak)®
Differential Input Common Vipire = 150 mV Viem 0.25 Vop— 0.85 \%
Mode Voltage®
Single Ended Input High Inverting differential input ViHse 2 Vppt+0.3 \Y
Voltage® held at VDD/2, Vpp = 3.3V
Inverting differential input 1.6 Vpp+0.3 \%
held at VDD/2, Vpp = 2.5V
Single Ended Input Low Inverting differential input Viise -0.3 1.3 \%
Voltage® held at VDD/2, Vpp = 3.3V
Inverting differential input -0.3 0.9 \Y
held at VDD/2, Vpp = 2.5V
AC Characteristics of universal input clock pins
Input slew rate 20% to 80% AVIIAT 2 V/ns
Input Capacitance Single ended Cin — 700 — fF
Input Frequency Range® LVDS and LVPECL fin — — 250 MHz
outputs
HCSL outputs — — 250 MHz
LVCMOS outputs — — 250 MHz
Input duty cycle, such that | The pass condition for the Ioc 40 60 %
output duty cycle is equal measurement is that
to input duty cycle® output duty cycle is within
+5% of input duty cycle.
The input clock amplitude
is same as LVPECL
standard.
Crystal Characteristics
Equivalent series ESR 35 60 Q
resistance
load capacitance CL 6 8 10 pF

Rev 0.5
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Shunt Capacitance Co 2 3 pF
Drive level 100 200 uw
Mode of oscillation fundamental
Supported crystal Frequency 50 MHz
frequency range®
Maximum swing level on Bypass mode Vmax 15 \%
OSC_IN/ OSC_OUT pins
Fosc= 8 MHz Settling time required for tsettie 14 ms
output in crystal mode
Fosc = 25, 50 MHz 8 ms
XO bypass AC coupled Vppo =3.3V tit 100 fs
mode additive jitter®
Slew Rate > 2 V/ns
F|N =48 MHz
Vppo =2.5V 115 fs
Slew Rate > 2 V/ns
Fin = 48 MHz
Vopo = 1.8V 230 fs
Slew Rate > 2 V/ns
Fin= 48 MHz
Additive jitter® RMS, integration BW it 155 fs
12 KHz to 5 MHz,
Ferysta = 25 MHz. Crystal
input select
Measured at
Vop = Vppo = 2.5V

Notes:

1. Inverting differential input clock pin biased at VDD/2
2. Input common mode defined as VIH.

3. Specification is guaranteed by characterization and is not tested in production
4. If the input clock is initially absent when the chip is just powered up, it will take at least 2 falling edge of clock cycles for the output to appear. Therefore, the

buffer level translates DC only after it sees two consecutive falling edge of input clock

5. Output duty cycle equals input duty cycle. ATE measurement done with 80% on time and 20% off time waveform to make sure that output duty cycle is equal
to input duty cycle even with skewed input duty cycle.

Table 8 Output Clock Characteristics - LVCMOS

Page 8 of 37

Universal clock input 250 MHz
Maximum output frequency Fout

oscw 50 MHz

For Fiy < 200 MHz 45 55

Output duty cycle Odc %
For 40 60
200 MHz < Fjn< 250 MHz
Rev 0.5
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= 0,
Vbpo=3.3 + 5%, 12 mA pull 26 v
down current
= 0,
Vppo = 2.5 + 5%, 8 mA pull 18 v
down current
Output high level voltage Vou
Vopo = 1.8V £200 mV, 12 v
2 mA pull down current ’
Vopo = 1.5V 150 mV,
2 mA pull down current 0.95 v
Vopo = 3.3 5%, 12 mA 05 v
pull up current
Vppo = 2.5 + 5%, 8 mA pull 0.5 v
up current
Output low level voltage VoL
Vopo = 1.8V £ 200 mV,
2 mA pull up current 04 v
Vobo=15V + 150 mV,
2mA pull up current 0.35 v
Vppo =3.3V 15 Q
Effective output Vopo = 2.5V 18 Q
impedance, for maximum Rout
slice strength Vopo = 1.8V 23 0
Vppo =15V 28 Q
VDDO = 3465 \Y 40 pS
Vppo = 2.5V 35 ps
Output skew @ tsk
VDDO = 162 \Y 31 ps
Vppo =1.35V 36 ps
Time for output enable or t 4 cvele
disable ® en 4
Vppo = 3.465 V, PCB trace
of 5 inch, 10 pF capacitor 1.4 ns
AC coupled 50 Q load
Vppo = 2.5V, PCB trace of
5 inch, 10 pF capacitor AC 15 ns
coupled 50 Q load
Input to clock edge to t
output clock edge delay d
Voo = 1.62 V, PCB trace
of 5inch, 10 pF capacitor 2 ns
AC coupled 50 Q load
Voo = 1.35V, PCB trace
of 5inch, 10 pF capacitor 2.5 ns
AC coupled 50 Q load
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Additive jitter @

VDDO =3.465V
Slew rate
(SiT92113) 22 Vins

VDDO =25V
Slew rate
(SiT92113) 22 Vins

VDDO =1.62V
Slew rate
(SiT92113) 22 VIns

21

fs

it

37

fs

87

fs

VDDO =135V
Slew rate (SiT92113)
22 Vins

233

fs

Rise time®

Output rise time 20% to 80
%
Load cap 5 pF,
Vopo = 3.3V, AC coupled
50 Q load

Output rise time 20% to 80
%
Load cap 5 pF,
Vopo = 2.5V, AC coupled
50 Q load

Output rise time 20% to 80
%
Load cap 5 pF,
Vppo = 1.62 V, AC coupled
50 Q load

Output rise time 20% to 80
%
Load cap 5 pF,
Vppo = 1.35V, AC coupled
50 Q load

605

ps

605

ps

tr

605

ps

605

ps

Fall time®

Output fall time 20% to 80
%
Load cap 5 pF,
VDDO =33V

Output fall time 20% to 80
%
Load cap 5 pF,
VDDO =25V

Output fall time 20% to 80
%
Load cap 5 pF,
VDDO =1.62V

Output fall time 20% to 80
%
Load cap 5 pF,
VDDO =135V

605

ps

605

ps

te

605

ps

605

ps

Notes: Specification is guaranteed by Characterization and is not tested in production

Rev 0.5

Page 10 of 37

www.sitime.com



SiT92113 5 Output Ultra Low Jitter LVCMOS Fan out Buffer

HiTime

GND

Vbpo

CLKout0

GND

CLKoutl

Vbpo

g S < o
-
Z
6 £ B T T &
24 23 22 21 20 19
18
17
16
DAP
15
14
13
7 8 9 10 11 12
o) a z 5 a o
z £ 9 3 z z
[ 8 g © ©
o

Figure 2. SiT92113 Top View
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Table 9. Detailed Pin Description

DAP — DAP The DAP should be grounded
Vobo Power 2,6 Power Supply for Bank A (CLKout0 and CLKourl) CLKoyt pins
CLKouro Output 3 LVCMOS Output
GND GND 1'4'176?115'; 12, Ground
CLKout1 Output 5 LVCMOS Output
Vb Power 8,23 Supply for operating core and input buffer
OSCi Input 9 Input for Crystal
OSCour Output 10 Output for Crystal
CLKour2 Output 13 LVCMOS Output
Vbbo Power 14,18 Power Supply for Bank B (CLKout2 to CLKoyt4) CLKout pins
CLKours Output 15 LVCMOS Output
CLKoura Output 17 LVCMOS Output
CLK = Input 20 Complementary Input pin
CLKin Input 21 Input Pin
SEL Input 22 Input Clock Selection. This pin has an internal pulldown resistor®
OE Input 24 Output Enable. This pin has an internal pulldown resistor®

Rev 0.5 Page 12 of 37 www.sitime.com
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Functional Description

Functional Block Diagram

Vbp Vobo  Vbpo
Bank A
CLKout0
0SCin I o D Ko o
0SCourt _4‘ |’> CLKourl
4
Universal Input = Bank B
(Differential/ g 5 LVCMOS
single Ended) I~ CLKour2 OUTPUTS
T I/ ]
SEL l|> CLKour3
’\ CLKOUT4
| 4
Figure 3 Functional Block Diagram
The SiT9211.3. is ? 5-output differential clock fan out buffer Table 10 Input Clock Selection
with low additive jitter that can operate up to 250 MHz. It
features a 2:1 input multiplexer with either a
differential/single ended input clock or crystal oscillator 0 CLK

input and five LVCMOS outputs. The input selection and 1
output buffer modes are controlled via pin strapping. The
device is offered in a 24-pin QFN package.

Crystal Or Crystal bypass AC coupled mode

Clock States (Input vs Output States)

VDD and VDDO Power Supplies Table 11 Input vs Output Stages

The SiT92113 has separate 3.3 V/2.5 V core (VDD) and 3.3
V/2.5 V/1.8 V/1.5 V output power supply (VDDO). Output
supply operation at 2.5 V/1.8 V/1.5 V enables lower power

. o . Inputs are floatin Logic Low
consumption and output-level compatibility with 2.5 V/1.8 P 9 9
V/1.5 V receiver dew_ces. The 'output levels LVCMOS Inputs are logic low Logic Low
(VOH) is referenced to its respective VDDO supply.

Inputs are logic high Logic High

Clock Inputs

The input clock can be selected from primary universal
clock input, secondary universal clock input, or Xin. Clock

input selection is controlled using the SEL[0] inputs as Output Enable
shown in Table 10 Pulling OE to LOW, forces the outputs to the high-

impedance state after the four falling edge of the input
signal. The outputs remain in the high-impedance state as
long as OE is LOW. The OE signal is internally
synchronized to the selected input clock. This allows
disabling the output clock at the falling edge of input clock
in a glitch free manner.

Rev 0.5 Page 13 of 37 www.sitime.com
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When OE goes from low to high, the output clock is enabled Table 12 OE Functionality

within a time delay td, where td is given by the following

equation.

tarefouten = 0.5m+ 4 x Ty, . Tin is the time period of the 0 Disabled (HIZ)
input clock. 1 Enabled

oemputcos X X 1 X X X X X X X X XX

SE input clock m
OF (output enable) —\\

E Cutput Is HIZ
owt /S N\L_/ N/ ./ ./ I
It1 2
Figure 4 OE: Output Disable (SiT92113)
DE input clock }( }{ J: }{ }{ }{ }{ }{ }{ }{

... O
=
e

SE Input clock mm

Output is HIZ

|

-
-k
—_-—————
%]

Figure 5 OE: Output Enable
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Application Information

Driving the Clock Inputs

The SiT92113 has two universal clock inputs (CLKO/nCLKO
and CLK1/nCLK1) SiT92113 can accept 3.3V/25V
LVPECL, LVDS, CML, SSTL, and other differential and
single-ended signals that meet input common mode, slew
rate and swing requirements specified in the Electrical
Characteristics. The SiT92113 supports a wide common
mode voltage range and input signal swing

To achieve the best possible phase noise and jitter
performance, it is mandatory for the input to have high slew
rate of 2 V/ns (differential) or higher. Driving the input with
a lower slew rate will degrade the noise floor and jitter.

It is recommended to drive the input signal differentially for
better slew rate and jitter. The user can also drive a single
ended clock. If the user is driving the single ended clock
signal on say CLKO, then nCLKO pin need to be connected
to a 0.1 uF capacitor on the PCB.

Driving Clock Inputs with LVCMOS Driver (AC
coupled)

Figure 6 shows how a differential input can be wired to
accept LVCMOS single ended levels in AC coupled mode.
The bypass capacitor (C1) is used to help filter noise on the
DC bias on the inverting pin of the clock input. This bypass
should be located as close to the input pin as possible. Two

resistors Rt1 and Rtz set the common mode voltage at the
output of the LVCMOS driver to VDD/2. This prevents
average DC leakage current from the LVCMOS driver and
avoids unnecessary power dissipation.

For example, if the input clock is driven from a single-ended
2.5 V LVCMOS driver and the DC offset (or swing center)
of this signal is 1.25 V, the Rr1 and Rr2 values should be
adjusted to set the V1 at 1.25 V. This configuration requires
that the sum of the output impedance of the driver (Ro) and
the series resistance (Rs) equals the transmission line
impedance. In addition, matched termination at the input
will attenuate the signal in half. This can be done in the
following way. First, Rt1 and Rtz in parallel should equal the
transmission line impedance. For most 50 Q applications,
Rr1 and Rtz can be 100 Q.

Z,=R,+ R, =500

VDD xRy, VDD
Rry +Rpy 2

VDD
Zo=Ro +Rs =50Q Rr1 = 100Q
Ro — Il
W~ VVVV - V1 1|
Rs 50Q Traces C2=0.1uf |siT92113
CMOS
Driver Rz = 100Q

C;=0.1uf

Figure 6 AC coupling LVCMOS clock to SiT92113

The inverting differential input can be connected to a 0.1 uF
bypass capacitor. This pin is biased internally to a voltage
close to VDD/2.

Another variant of the AC coupling of LVCMOS input clock
is shown in Figure 7. We use single termination resistor of

50 Q to ground. A 0.1 uF AC coupling capacitor is
connected in series with the LVCMOS clock source to
prevent DC leakage current.

Z,=R,+R;=500Q

Rev 0.5 Page 15 of 37
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Zo=Rop+Rs=50Q

Rs C;=0.1uf
CMOS
Driver

50Q Traces

C2=0.1uf | 5792113

Ry =50Q

C;=0.1uf

Figure 7 AC coupling of LVCMOS clock with single 50 Q resistor termination to ground

Driving Clock Inputs with LVCMOS Driver (DC coupled)

Figure 8 shows how a differential input can be wired to
accept LVCMOS single ended clock signals in DC coupled
mode. The reference voltage V1 = VDD/2 is generated by
the bias resistors Rs1 and Rsz2. The bypass capacitor (C1)
is used to help filter noise on the DC bias. This bias circuit
should be located as close to the input pin as possible. The
ratio of Rs1 and Rsz might need to be adjusted to position
the bias voltage V2 in the center of the input voltage swing.
Typical values of bias circuit resistance are Rs1 = 1 KQ and
Rs2=1KQ

Z,=R,+R,=500Q

VDD Ry, VDD

Ry +Ry, 2
R+ xR

T1 T2 ZSOQ
RT1+RT2

VDD xRy, VDD
Rry +Rpy 2

VDD
VDD
Zo=Ro+Rs =50Q Rr1 = 100Q
Vpp
Ro v1
1
MWW~ AAAA% I 4
Rs 50Q Traces SiT92113
CMOS
Driver Rz = 100Q
VDD 0.5Vpp
| V2
AAAAY

Rs1=1KQ J—’ C1=0.1uF

R52 =1KQ

Figure 8 DC coupling of LVCMOS clock to SiT92113 - configuration 1

For example, if the input clock is driven from a single-ended
2.5V LVCMOS driver and the DC offset (or swing center)
of this signal is 1.25 V, the Rs1 and Rs2 values should be
adjusted to set the V2 at 1.25 V. The values below are for

when both the single ended swing and VDD are at the same
voltage.

This configuration requires that the sum of the output
impedance of the driver (Ro) and the series resistance (Rs)
equals the transmission line impedance. In addition,
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matched termination at the input will attenuate the signal in Z,=R,+ R, =500

half. This can be done in one of two ways. First, Rt1 and R2

in parallel should equal the transmission line impedance. VDD xR, Vpp

For most 50 Q applications, Rr1 and Rtz can be 100 Q. The R + R = N

values of the resistors can be increased to reduce the st 52

loading for slower and weaker LVCMOS driver. The LVCMOS single ended clock input with series RC
Figure 9 shows a second input clock configuration where termination near the buffer is shown in Figure 10. There is
Rr1, Rr2 are removed and replaced with a 50 Q termination a single termination resistor RT which is connected to
resistor RT to ground. It is possible that LVCMOS driver (or ground through a capacitor Cac. The value of series
clock source) may not be able to drive 50 Q load in DC capacitor is given by a formula.

coupled mode. The user can use series RC termination to
overcome this limitation. The design equations for the input

3T, . T
. . L e Csc = =2 Tois the transmission line delay
clock configuration shown in Figure 9 is given below. 500

VDD
Zo=Ro+Rs=50Q
Vi Ver
1
NN 1 I ‘Z
Rs 50Q Traces .
CMOS Rr=50Q SIT92113
Driver
VDD
0.5V,
—[ V2 b PP
R51 =3KQ

L
Rep= 1KQ l C1=0.1uF

Figure 9 DC coupled LVCMOS input clock configuration — configuration 2

Zo=Ro + Rs =50Q

Vi Vee
| —— |
NV 1 I Z
Rs 50Q Traces "
CMOs Ry=500 $iT92113
Driver
Cac = 60pF ==
VDD 0.5Vpp
T S
NV
Rs1=1KQ 4|¢ C1=0.1uF
R52 =1KQ

Figure 10 DC coupled LVCMOS input clock with series RC termination — configuration 3
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For low frequencies we can direct couple the LVCMOS clock to SiT92113 input clock pin as shown in Figure 11

LVCMOS
Signal Ro+ Rs=50Q
Ro
MWW~ AAAAY
Rs
SiT92113
vee |
—AAMW
RB1 = 1K
RBZ =1K CBYP =0.1 uF

v

Figure 11: Direct coupling of LVCMOS clock to SiT92113

Driving OSC_IN with LVCMOS Driver (AC coupled)

The crystal input OSC_IN can be overdriven with single
ended clock (LVCMOS driver or one side of a differential
driver). The peak swing at OSC_IN should be limited to
1.5V. The OSC_OUT pin, in this case can be floating. The
SEL should be 1. The maximum voltage at OSC_IN should
not exceedl1.5 V and minimum voltage should not go below
-0.3 V. The slew rate at OSC_IN should be greater than
0.2 V/ns.

For 3.3 V LVCMOS inputs, the amplitude must be reduced
from full swing to at least half the swing in order to prevent
signal interference with the power rail and to reduce internal
noise. Figure 12 shows an example of the interface diagram
for a high speed 3.3 V LVCMOS driver. This configuration
requires that the sum of the output impedance of the driver
(Ro) and the series resistance (Rs) equals the transmission
line impedance. In addition, matched termination at the
crystal input will attenuate the signal in half. This can be

done in one of two ways. First, Rt1 and Rtz in parallel should
equal the transmission line impedance. For most 50 Q
applications, Rt1 and Rtz can be 100 Q.

Zo=R,+ R; =500hm

Ry1 *R
T 50 0hm
Rrq + Ry

VDD * Ry, VDD

Rri + Ry o2
For both the AC coupled configurations, the maximum peak
to peak swing before the ac coupling capacitor is 1.65 V.
The maximum DC bias voltage of OSC_IN is 0.675V.
Therefore the maximum swing at the OSC_IN pin is given
by the equation given below.

szing,pk,XTALJN = 0675 + 05 * 165 = 15V
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VDD
Zo=Rp+Rs=50Q Rr1 = 100Q
R
e ANV { } — I OSC_IN
Rs 50Q Traces Cy=0.1uf
CMOs SiT92113
Driver Rz = 100Q
O—0SsC_ouT

Figure 12 Single ended LVCMOS input — configuration 1, AC coupling to crystal input

Figure 13 shows a second input clock configuration where Rr1, Rr2 are removed and replaced with a 50 Q termination resistor
RT to ground. A 0.1 uF is in series with the CMOS driver to prevent any DC leakage current.

Zo=Ro+Rs=50Q

W AMA | — — I OSC_IN
Rs C;=0.1uf 50Q Traces C1=0.1uf
CMOs SiT92113
Driver R12=50Q
O—0sC_ouT

Figure 13 Single ended LVCMOS input — configuration 2, AC coupling to crystal input

LVDS (DC coupled)
Terminate with a differential 100 Q as close to the receiver as possible. This is shown in Figure 14

RN

LVDS 100Q Trace SiT92113
Driver (differentially) 1o |

pry

py

—0

Figure 14 Termination scheme for DC coupled LVDS
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HCSL (DC coupled)

Termination resistor is 50 Q to ground, close to the output driver. A series resistance Rs is sometimes used to limit the overshoot
during fast transients. The termination scheme is shown in Figure 15

JAN

§ 50Q

™ A { |
HCSL Rs _
Driver 50Q Traces SiT92113
NNV { ———d
Rs

50Q

Figure 15 Termination scheme for DC coupled HCSL

LVPECL (DC coupled)

For DC coupled operation, the 50 Q termination resistors This termination scheme is shown in Figure 16.
are placed close to the receiver. The termination resistors Alternatively, the user can also implement a Thevenin
are biased with a voltage source VTT. equivalent of VTT using a resistor divider. This scheme and
Vir = Vppo — 2V. the values of the resistors in the resistor divider are given in

Figure 17.
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VvDDO - 2V

50Q

LVPECL
Driver

100Q Trace

(differentially) 5iT92113

0

50Q

VvDDO - 2V

Figure 16 Termination scheme for DC coupled LVPECL

VDDO

% RPU RPD
I 1
% RPU

LVPECL 100Q Trace SiT92113
Driver (differentially)
| 1
1 J
RPD
VDDO
3.3V 1200 820 ~13V
25V 250 Q 62.5Q 05V

Figure 17 Termination scheme for DC coupled LVPECL, Thevenin equivalent
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The design equations for the LVPECL Thevenin equivalent termination are given below.

Rpp * R
_PD " PU _ 5o0
Rpp + Rpy
Rpp *VDDO
—=VDDO -2V
Rpp + Rpy
SSTL (DC coupled)
The SSTL input clock configuration is shown in Figure 18. VDDO to ground for biasing the clock input pins. The
The transmission line impedance is 60 Q in the application effective termination impedance in this case is 60 Q.
example given. Therefore, we use two 120 Q resistors from
VDDO
RPU = 120Q % RPD = 120Q
d 1
L J
Output - 00
Zy=60Q
d L
L ]
RPU = 120Q % RPD = 120Q
VDDO
Figure 18 Example of input clock termination for SSTL clock.
LVDS (AC coupled)
The load termination resistor should be placed before the the AC coupling capacitors should be placed close to the
AC coupling capacitors. The load termination resistor and receiver. The termination scheme is shown in Figure 19.
J
1 J
LVDS 100Q Trace 0.1 uf 79211
Driver (differentially) 1000 ST92113
|
0.1 uf

Figure 19 Termination scheme for AC coupled LVDS
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LVPECL (AC coupled)

The LVPECL should have a DC path to ground. So, the user
must place a resistance R, close to the output driver. The

LVPECL AC coupling and Thevenin equivalent VTT
termination scheme is shown in Figure 20.

Rpy = 82 Q for Vee = 3.3V
RpD =120 Q for Vcc =3.3V

LVPECL
Driver

| -}
|

RPU RPD vDD

100Q Trace
| (differentially)
 —
|

SiT92113

S ——

RPU RPD

RT = 150Q for V¢c = 3.3V

Figure 20 Termination scheme for AC coupled LVPECL, Thevenin Equivalent

The pull up resistance Reu and pull down resistance Rep
sets the input common mode voltage for SiT92113.

The value of the input common mode voltage can be
estimated by the equation given below

VDD *Rpp _ 3.3 %120

= = = 1.961V
M Reysrpp 120 +82

The differential input common mode specification of
SiT92113 (from data sheet) is VDD -1.1 = 2.2 V, therefore
the input common mode set by LVPECL AC coupled

termination meets the SiT92113 input common mode
specification.

The LVPECL driver chip has resistance RT providing DC
path for the output driver current in the LVPECL driver.
The effective load impedance at the input side of SiT92113
(receiver side) is formed by parallel combination of Rpuy,
Rpp.

The effective termination resistor value is given by the
equation below

R _RPU*RPD_120*82_487!2
termination — RPU + RPD - 120 + 82 - .

Termination of Output Driver of SiT92113 for Various Load Configurations

SiT92113 Output ODR Termination for AC Coupled mode

AC coupling of SiT92113 LVCMOS output driver is shown
in Figure 21. We use single termination resistor of 50 Qs to
ground. A 0.1 uF AC coupling capacitor is connected in
series with the LVCMOS clock source to prevent DC
leakage current. The receiver side is terminated with a
single 50 Q resistance to ground. The clock signal is then

AC coupled to the receiver, in this example. C1 is a bypass
capacitor that is used to suppress noise on the inverting
differential input of the receiver.

Zo=R,+R;=500Q
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Zo=Ro +Rs=50Q

Wy ] e V1 ]
Rs C3=0.1uf 50Q Traces C,=0.1uf |Receiver
SiT92113 50Q Il

I
C1= 0.1 uf

v
Figure 21 AC coupling of LVCMOS clock with single 50 Q resistor termination to ground

SiT92113 Output ODR Termination for DC Coupled mode

Figure 22 shows how SiT92113 LVCMOS output drive can

be terminated to send clock signals in DC coupled mode.

The reference voltage V1= VDD/2 is generated by the bias

resistors Rs1 and Rsz2. The bypass capacitor (C1) is used to Ryq * Ry

help filter noise on the DC bias. This bias circuit should be Rt R =500hm,

located as close to the input pin as possible. The ratio of LT T2

Rs1 and Rs2 might need to be adjusted to position the bias

voltage V2 in the center of the input voltage swing. Typical value of Rry = Ry, = 100Q
Zo=R,+R;=500Q

Typical value of R;; = Ry, = 1KQ

VDD * Ry, VDD

VDD xRy, VDD Rri+ Rrz 2
Rsl + Rsz B 2 '
VDD
Zo=Ro +Rs =50Q Rr1=1000Q
Ro 14
W~ A AAA% I
Rs 50Q Traces Receiver
SiT92113 Rr2 = 1000
VDD 0.5Vpp

T p
AAAAY T
Rs1=1KQ J—’ C1=0.1uF

Rsz =1KQ

Figure 22 DC coupling of LVCMOS output clock termination — configuration 1
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For example, if the SiT92113 supply is 2.5 V then the DC
offset (or swing center) of this signal is 1.25 V, the Rs1 and
Rs2 values should be adjusted to set the V2 at 1.25 V. The
values below are for when both the single ended swing and
VDD are at the same voltage.

This configuration requires that the sum of the output
impedance of the driver (Ro) and the series resistance (RS)
equals the transmission line impedance. In addition,
matched termination at the input will attenuate the signal in
half. This can be done in one of two ways. First, Rt1 and Rtz
in parallel should equal the transmission line impedance.
For most 50 Q applications, Rr1 and Rtz can be 100 Q. The
values of the resistors can be increased to reduce the
loading for slower and weaker LVCMOS driver.

Figure 23 shows a second input clock configuration
where RT1, RT2 are removed and replaced with a 50 Q
termination resistor RT to ground. There will be DC
leakage current from SiT92113, for the output termination
shown in Figure 23

The user can use series RC termination to overcome this
limitation. The design equations for the input clock
configuration shown in Figure 23

Z, =R, + R, = 50 Ohm

VDD xRy, Vpp VDD
Ry +R, 2 4

Typical value of Ry; = 3KQ, Ry, = 1KQ

The SiT92113 LVCMOS output driver termination with
series RC termination near the buffer is shown in Figure 24.
There is a single termination resistor RT which is connected
to ground through a capacitor CAC. The value of series
capacitor is given by a formula.

3T . . .
Cyc 2 ﬁ Tp is the transmission line delay

Typical value for Cac is 60 pF, assuming delay of
To =200 ps/inch and 5 inch input clock route length.

VDD
Zo=Rp + Rs =50Q
R Vi Ve
0
1
W~ NN < F Z
Rs 50Q Traces .
Ry = 500 Receiver
SiT92113
VDD
—I: 0.5V,
V2 PP

R51 =3KQ

Rsz =1KQ

J¢
l C;=0.1uF

Figure 23 DC coupled LVCMOS output clock configuration — configuration 2
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VDD
VDD
Zo=Ro+Rs = 50Q Rr: = 1000 v
PP
Ro —"') 174
MW~ NV I
Rs 50Q Traces Receiver
5iT92113 Rr=1000
Cac = 60pF ==
vee 0.5Vpp
T Vo l
NNV
Rs1=1KQ 4|¢ C1=0.1uF

R52 =1KQ

Figure 24 DC coupled LVCMOS output clock with series RC termination — configuration 3

The typical value of Rs1 and Rsz in this case is 1 KQ and that of Cac is 60 pF.

CMOS (Capacitive load)
The capacitive load can be driven as shown in Figure 25. Rs = 33 Q for VDDO = 3.3 V.

Zo=Rp + Rs =50Q

Ro — SE
W~ AAAA% | Receiver
Rs 50Q Traces
SiT92113 =
Cioap = 10pF

Figure 25 Typical application load

Power Considerations

The following power consideration refers to the device- Power required to charge any output load. The output load
consumed power consumption only. The device power can be capacitive-only or capacitive and resistive. Use the
consumption is the sum of static power and dynamic power. following formula to calculate the power consumption of the
The dynamic power usage consists of two components: device:

Power used by the device as it switches states
Ppev = Psraric + Poynamic + Peroap

Psraric = Icore_sraric * VDD + lppg,_sraric * VDDO

Fin (units in MHz)

Ppynamic = Icore_pynamic_1oomuz * VDD * 100 + Cpp * 5 * Fyy x VDDO?

Peroap = Croap * 5 * Fiy ¥ VDDO?
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Let us calculate typical power dissipation for CLoap of 2 pF at input clock of 100 MHZ. Assume that VDD = VDDO = 3.3 V.

PSTATIC = 16mA = 3.3V + 3.5mA * 3.3V = 64.35mW

100
Ppynamic = 1.5mA * 100 * 3.3V 4+ 4.0pF * 5 * 100MHz * 3.3V * 3.3V = 26.73 mW

Peroap = 2pF * 5 100MHz * 3.3V * 3.3V = 10.89mW

PDEV =102m

Core Current in XO Mode

The crystal mode standalone block current is measured in
ATE. We can calculate total VDD core current in crystal
mode, in typical condition using the below equation. The
worst case VDD core current will be 14 mA, in crystal mode.

Icare,crystal =85+ Ixafstandalane = 11.5mA, typiCal

Parameter Measurement Information

Differential Input Level
The parameter definitions related to differential input level is shown in Figure 26.

VDD oo e e e e
VIDIFF
A A
oE inputelock —-Y.---—--- ><><>< ....... ><><>< ....... >< ....... >< .......
: v ;
' VCM ' VICM
GND e 2T A

Figure 26 Parameters related to differential input level
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Skew and Input to Output Delay
The parameter definitions related to propagation delay and skew are shown in Figure 27

D G G (1D G G G G G |

"-thn* -
SE input clock W

Output_QO

Output_Q1

t---»: <o

Figure 27 Parameter definitions of propagation delay and skew

Rise and Fall Times
The parameter definitions related to propagation rise and fall times are shown in Figure 28.

Output

Figure 28 Parameter definitions related to rise and fall times
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Hot Swap Recommendations

Introduction

Hot-swap is a term used to refer to the insertion and
removal of a daughter card from a backplane without
powering down the system power. With today's high speed
data and redundancy requirements, many systems are
required to run continuously without being powered down.
If special considerations are not taken, the device can be
damaged.

VvDDO

e

LVPECL Driver

Typical Differential Input Clock

For example, Figure 29 shows a typical LVPECL driver and
differential input. If the power of the driver (VDDO) is turned
on before the input supply (VDDI), there is a possibility that
the input current could exceed the limit and damage diode
D1.

r—-—-=-"=—=-======-== A

1 1

1 1

| VDDI I

! T !

1 1

1 D1 D31

Y a

P PECL |np|ht :
//

7———8 :

N PECL Input |

// 1 1

7/ | 1

I D2 D41

1 1

1 1

1 1

1 1

1 1

1 1

1 1

L J

siT92113 Clock Input Pin Diodes
(Pull Up/Pull Down Resistor. Input Termination not shown)

Figure 29 Typical input differential clock

To ensure the input current does not exceed its limit and
damage the device, a current limiting resistor can be used.
Below are examples of the most common termination
topologies using a series current limiting resistor. Though
it's not necessary, but if board space allows, some of the
examples have an optional 100pf capacitor which assists
with the integrity of the rise time. It is also recommended
that the current limiting resistor be as close to the receiver
as possible
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Input Clock Termination with Hot Swap Protection

LVPECL Termination Example

VDD
Optional
r——-=-=-=-=-- A
L
Ry =1330 § R;=133Q| C;=100pF |
b l || !
1 | 1
(U A o
AVANV +
Rs =200 - 470 Q SiT92113
R¢ =200 - 470 Q
AW
[ ol A
1 ” 1
- I I
Ri=825Q . _409 bF |
1 1
oo o
Optional
Optional
r—-=-=-=-=-- A
| C1=100pF |
1 Il !
1 | 1
(U A J
J// AWV I
7=50Q R4=200-470Q SiT92113
Rs=200-470Q
——_O— w
Z=50Q el ittt b
: o at
R;=50Q = ! !
1 Re=30Q | ¢,-100pF
I I
L J
LVPECL Input Clock Termination .
Optional
R3=50Q

Figure 30 LVPECL termination with hot swap protection
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LVDS Input Clock Termination Example

Optional

/4/ AV‘wVAV +
Ry =100Q R,=200-470 Q SiT92113

R3=200-470Q
// AAAA

7/ VVVv
Z=50Q F-----1 B

——

LVDS Input Clock Termination | S, J
Optional

Z=50Q

AAA
VWyv

o
~
n
=
o
o
o
-

Figure 31 LVDS termination with hot swap protection

HCSL Input Clock Termination Example

Optional

/. "
Z=50Q R4=200-470Q
Rs=200-470Q
// AMA

7/ VVVv

Z=50Q F----- ey

Ry1=50Q : _”_ :

Re=50Q | ¢ - 100pF |

SiT92113

VVVv

——AAAA
r-
|-

HCSL Input Clock Termination

Optional

Figure 32 HCSL termination with hot swap protection
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LVCMOS Input Clock Termination with Hot Swap Protection

Optional

— O o =

Z=50Q R3=200-470Q SiT92113

R1=100Q

Rz= 100 Q % = (C;=0.1uF

R;=100 Q

LVCMOS Driver

Z=500 Rs =200-470Q $iT92113

LVCMOS Driver
R3=100 Q

Rs=100 Q ﬁ C;=0.1uF

0 O—F MW .
Z=50Q R4=200-470 Q siT92113
R1=50Q

R2=100Q

R3=100 Q C1=0.1uF

R>=100 Q

— O é w =

LVCMOS Driver

Cac = 60 pF

Figure 33 LVCMOS Input Clock Termination with Hot Swap Protection
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LVCMOS Output Clock Termination with Hot Swap Protection

Optional
r=—=—=-=---- bl
: C1 =100 pF :
1 | 1
1 1l 1
{ S - J
- O— w ¥
Z=500Q R1=200-470Q
SiT92113
LVCMOS Receiver
Rs= 100 Q
—O— O—F MW n
Z=50Q R3=200-470Q
R,=100 Q —
SiT92113
LVCMOS Receiver
-0 O— v ¥
Z=50Q Rs =200 - 470 Q
Ri=50Q -
SiT92113

CAC =60 pF

v

LVCMOS Receiver

Figure 34 Different types of LVCMOS output clock termination with hot swap protection
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LVCMOS Input Clock and Power Supply Sequencing

Figure 35 shows LVCMOS applications driving the input clock of SiT92113 without a 50 Q load termination, which present a
purely capacitive load to the LVCMOS driver.

Optional
r--~-~-=-°-= Bl
| C1=100pF
i
| W J
7F MWW
R3=200-470Q SiT92113
Ry= 100 Q
LVCMOS Driver
R;= 100 Q == C=0.1uF
Figure 35 LVCMOS Input Clock without 50 Q Load Termination
For the applications shown in Figure 35, LVCMOS input supply ramp. Figure 36 shows the timing requirement of
clock to the SiT92113 buffer should come after the power Input Clock start versus VDD ramp.
VDD
0.9 x VDD
0
INPUT CLOCK

Figure 36 LVCOMS Input clock to VDD ramp timing requirement for SiT92113
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Operation in Multiple Vooo Supply Domains

The Vbpo pins, 2 and 6 on the left side are shorted internally. These two supply domains are totally independent of each
These pins along with ODR CLKout0 to CLKoutl belong to other. Pin 2, 6 can be connected to say 3.3 V while pin 18,
a single supply domain. The Vppo pins, 18 and 14 on the 14 can be connected to 1.8 V. In this example, CLKoutO to
left side are shorted internally. These pins along with ODR CLKoutl will be 3.3V LVCMOS driver. CLKout2 to
CLKout2 to CLKout4 belong to a single supply domain. CLKout4 will be 1.8 V LVCMOS driver.
Supply Domain 1 Supply Domain 2
r- - ~-—=-T=-=-=-======" A r--—-~—=-—========== B
1 1 | |
: 3.3V : : 1.8V :
! T ano 10 | 18 Voo T
I 1 1 I
I 1 1 I
I Vbpo C 2 1 1 17 D CLKout4 1
1 1 | 1
I | 1 1
! ClKour0 (0 3 1 1 16 [J GND I
1 1 1 1
1 1 1 1
: oD ( 4 0 1 15 [J ClKour3 :
I I !
1 1 1 1
: ClKourl (0 5 ! 1 14 O Vppo :
| 1
| I | |
: Vioo 6 | 113 D ClKour2 :
| |
I | | [
I I | |
e e e e e e e e e e == - J b e e e e e e e - __ J

Figure 37 Example of multi supply operation of SiT92113

Note:
1. Supply Domain 1 and Supply Domain 2 are independent of each other.
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Package Information

D2
D h
5 T U U0 U
1 — i =
2z ] ! ]2z
e — 7w o E--—r—-—-3 O
[ | ]
) i ]
_— | |
= /'; | =
p Py
A0 00 T
EXPOSED THERMAL / -.ﬁ.J H._I_Lj
PAD ZONE Nd
BOTTOM VIEW
-
S nn0n0oo0 !
ET
Figure 38 SiT92113 24 Pin QFN Package Information
A 0.70 0.75 0.80
Al - 0.02 0.05
b 0.18 0.25 0.30
c 0.18 0.20 0.25
D 3.90 4.00 4.10
D2 2.40 2.50 2.60
e 0.50 BSC
Ne 2.50 BSC
Nd 2.50 BSC
E 3.90 4.00 4.10
E2 2.40 2.50 2.60
L 0.35 0.40 0.45
K 0.27 0.35 0.43
0.30 0.35 0.40
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