RENESAS

FemtoClock® NG Crystal-to-Differential
HCSL/LVCMOS Frequency Synthesizer

84452416
Data Sheet

GENERAL DESCRIPTION

The 844S2416 is a 17 output, dual-PLL frequency synthesizer
optimized to generate a variety of clocks for Ethernet, USB and
other interfaces. Using a 25MHz 18pF parallel resonant crystal, the
device will generate 24MHz, 25MHz, 100MHz and 200MHz clocks
withmixed HCSL and LVCMOS/LVTTL levels.

The 84452416 is packaged in a 56-pin VFQFN package
that is optimum for applications with space limitations.

FEATURES

Two LVCMOS/LVTTL single-ended outputs at 24MHz
Twelve LVCMOS/LVTTL single-ended outputs at 25MHz
Two differential HCSL output pairs at 100MHz

One differential HCSL output pair at 100MHz or 200MHz

Crystal oscillator interface: 25MHz
PLL1 -VCO: 2.4GHz

PLL2 — VCO range: 1.8GHz - 2.2GHz
+10% frequency margining in 1.25% steps
Selectable spread spectrum — downspread at -0.5%

I*C control interface with address configuration pin and with default
loading on release of active low reset

3.3V supply voltage
-40°C to 85°C ambient operating temperature

Available in lead-free (RoHS 6) package
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TasLE 1. PIN DESCRIPTIONS

Number Name Type Description
1,9, 14,29 A/ Power Core supply pins.
2,3 Q16, nQ16 Output Differential clock outputs. HCSL interface levels.
4,5 Q15, nQ15 Output Differential clock outputs. HCSL interface levels.
6,17, 21, 25,
32, 35, 36,
40, 46, 50, GND Power Power supply ground.
54
7, XTAL_IN, Inout Crystal oscillator interface. XTAL_IN is the input.
8 XTAL_OUT P XTAL_OUT is the output.
nRESET signal resets all the output dividers, default setting of PLL1 and
10 nRESET Input Pullup |I*C registers. nRESET signal also puts Q0:Q11 outputs in the Hi-Z state
for power sequencing. LVCMOS/LVTTL interface levels.
11 ADDR Input | Pulldown |Serial address select pin. LVCMOS/ LVTTL interface levels.
12 SDA 1/0 Pullup |I*C serial data input. LVCMOS/ LVTTL interface levels.
13 SCL Input | Pulldown |I’C serial clock input. LVCMOS/ LVTTL interface levels.
15, 19, 23,
27, 28, 38, .
42, 43 44, 550, OHOS Power Output supply pins for LVCMOS/LVTTL outputs.
48, 52, 56
;i i? %?,4Qg,0 0013 Output Single-ended non-inverted clock outputs.
45, 49, 53 Q4 LVCMOS/LVTTL interface levels.
18, 22, Q7, Q9, Q11,
26, 39, Q13, Q1, Q3, Single-ended inverted clock outputs. LVCMOS/LVTTL interface levels.
47,51, 55 Q5
30, 31 Q12,nQ12 | Output Differential clock outputs. HCSL interface levels.
HCSL current reference resistor output. An external fixed precision
33 IREE resistor (475Q) from this output to ground provides a reference current
used for differential current mode outputs Q12/nQ12, Q15/nQ15 and Q16/
nQ16.
34 o Power Analog supply pin for PLL2.
37 o Power Analog supply pin for PLL1.

NOTE: Pullup and Pulldown refer to internal input resistors. See Table 5, Pin Characteristics, for typical values.

TaBLE 2. PIN CHARACTERISTICS

Symbol |Parameter Test Conditions Minimum | Typical | Maximum | Units
C, Input Capacitance 2 pF
.- Input Pullup Resistor 51 kQ
R, oom  |INPUt Pulldown Resistor 51 kQ
Qo:Q11,
R, Output Impedance | J-~" " 21 Q
© 2019 Renesas Electronics Corporation 3 Revision A April 29, 2016
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The 84452416 uses an industry standard I°C interface to control the output divider clock source selection. The I°C control registers and
programming of the output enables of every output, the feedback default settings are shown below:
divider value for PLL2, spread spectrum enabling for PLL2, and

Output Enable Control Bits: Q0:Q11, Q13:Q14, Q15:Q16/nQ15:nQ16 outputs are enabled,
Q12/nQ12 is disabled

PLL2 M Divider Value: 80

SSC: Off

BYPASS: Output divider clock source is the PLL
Q12 Frequency (f): 200MHz

I°C REGISTER SUMMARY

Data Byte 0
Control Bit Q16_EN | Q15_EN | Q14_EN | Q13_EN QE1§— Q11_EN [ Q10_EN | Q9_EN
Power-up Default Value 1 1 1 1 0 1 1 1
Data Byte 1
Control Bit Q8 _EN [ Q7_EN | Q6_EN | Q5_EN | Q4_EN | Q3_EN | Q2_EN | Q1_EN
Power-up Default Value 1 1 1 1 1 1 1 1
Data Byte 2
Control Bit QO_EN M4 M3 M2 M1 MO SSC BYPASS
Power-up Default Value 1 0 1 0 0 0 0 0
Data Byte 3
Control Bit f(Q12) Revision | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved
Power-up Default Value 0 1 X X X X X X
FuncTioN TABLES

TasLE 3A. Output STATES FuNcTION TABLE

Outputs Output Levels Disable State

Qo:Q11 LVCMOS Hi-Z
Q12/nQ12 HCSL Hi-Z
Q13:Q14 LVCMOS Hi-Z
Q15/nQ15 HCSL Hi-Z
Q16/nQ16 HCSL Hi-Z

© 2019 Renesas Electronics Corporation 4 Revision A April 29, 2016
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TasLE 3B. PLL2 Feepsack Diviber FuncTion TaBLE (Q12/nQ12, =10 MopE)

VCO Frequency (MHz) | Q12/nQ12 Frequency (MHz) | Feedback Divide M4 M3 M2 M1 MO
1800 90 72 0 0 0 0 0
1825 91.25 73 0 0 0 0 1
1850 92.5 74 0 0 0 1 0
1875 93.75 75 0 0 0 1 1
1900 95 76 0 0 1 0 0
1925 96.25 77 0 0 1 0 1
1950 97.5 78 0 0 1 1 0
1975 98.75 79 0 0 1 1 1
2000 100 80 (default) 0 1 0 0 0
2025 101.25 81 0 1 0 0 1
2050 102.5 82 0 1 0 1 0
2075 103.75 83 0 1 0 1 1
2100 105 84 0 1 1 0 0
2125 106.25 85 0 1 1 0 1
2150 107.5 86 0 1 1 1 0
2175 108.75 87 0 1 1 1 1
2200 110 88 1 0 0 0 0

1 0 0 0 1
Not Used Not Used Not Used LRI
1 1| 1 ] 1

TaBLE 3C. PLL2, SSC Mobpe FuncTioN TABLE

Register Bit

SSC

SS Mode

0
1

TasLE 3E. Q12 FrReQUENCY SELECTION TABLE

Register Bit

Q12 Frequency

Output Frequency

0 (default)
1

200MHz
100MHz

TasLE 3D. Bypass CLock SELECTION TABLE

Register Bit

Bypass

Clock Source

0 (default)
1

TasLE 3F. RevisioN DescRripTION TABLE

Register Bit
Revision Part Revision
0 Revision B
1 Revision C
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I°C ADDRESSING

The 844S2416 can be set to decode one of two addresses
tominimizethe chance ofaddress conflictonthe I°Cbus.The addressthat

ADDR =0

ADDR = 0 Default
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1
1 0 0 1 1 0 0

Bit 0
R/W

I>’C INTERFACE - PROTOCOL

The 84452416 is a slave-only device and uses the standard I’C
protocol as shown in the below diagrams. The maximum SCL

SCL

|
|
|
|
|
|
|
|
SDA I
|

is decoded is controlled by the setting of the ADDR pin as shown below.

ADDR =1
ADDR =1
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
1 0 0 1 1 1 0 R/W

frequency is greater than 10MHz which is more than sufficient for
standard I°C clock speeds.

Valid Data

Acknowledge

START (ST) — defined as high-to-low transition on SDA while holding SCL HIGH.

DATA - Between START and STOP cycles, SDA is synchronous with SCL.
Data may change only when SCL is LOW and must be stable when SCL is HIGH.

ACKNOWLEDGE (AK) — SDA is driven LOW before the SCL rising edge and held LOW until the SCL falling edge.

STOP (SP) — defined as low-to-high transition on SDA while holding SCL HIGH.

I°C INTERFACE - A WRITE EXAMPLE

A serial transfer to the 84452416 always consists of an address
cycle followed by 4 data bytes. Once the 4 data bytes are loaded
and the master generates a stop condition, the values in the serial

control register are latched into the M divider and control bits, and
the device will move to the new frequency and any changes to the
state of the control bits will take effect.

ST Slave Address: 7 Bits R/W AK
1 Bit Refgr to I°C Addressing section for address choices based on ADDR pin 1 Bit 1 Bit
setting
Data Byte 0: 8 Bits AK
Q16 EN | Q15 EN | Q14 EN | Q13 EN | Q12 EN | Q11 EN | Q10 EN | Q9 EN | 1Bit
Data Byte 1: 8 Bits AK
Q8 EN | Q7EN | a6 EN | Q5 EN | Q4 EN | Q3 EN | @2 EN | Q1 EN | 1Bit
Data Byte 2: 8 Bits AK
QEN| M4 | wm3 [ wm2 | M | Mo [ ssc [ Bypass | 1Bit
Data Byte 3: 8 Bits AK SP
f (Q12)| Revision | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | 1 Bit 1 Bit

Data Byte values latched into control registers here.

© 2019 Renesas Electronics Corporation
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ABsoLuTE Maxivum RATINGS

Supply Voltage, V.
Inputs, \/I

Outputs, V_(LVCMOS & HCSL)

Package Thermal Impedance, eJA
Storage Temperature, T

TaBLE 4A. Power SuppLy DC CHARACTERISTICS, V= V

4.6V
-0.5VtoV_+0.5V

-0.5V toV

DDO_LVCMOS

+ 0.5V

31.4°C/W (0 mps)
-65°C to 150°C

DD DDO_LVCMOS

= 3.3V+5%, Ta = -40°C 10 85°C

NOTE: Stresses beyond those listed under Absolute
Maximum Ratings may cause permanent damage to the
device. These ratings are stress specifications only. Function-
al operation of product at these conditions or any conditions
beyond those listed in the DC Characteristics or AC Characteristics
is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect product reliability.

Symbol Parameter Test Conditions Minimum | Typical | Maximum | Units
\/ Core Supply Voltage 3.135 3.3 3.465 Vv
VDDA‘,VDDAZ Analog Supply Voltage VDD -0.31 3.3 VDD \%
Voo womos Output Supply Voltage 3.135 3.3 3.465 Vv
o Power Supply Current No Load 170 mA
loons PLL1 Analog Supply Current 9 mA
oo PLL2 Analog Supply Current 22 mA
No Load
500 tonos Output Supply Current Q[0:11] at 25MHz, 16 mA
Q13, Q14 at 24MHz
TasLE 4B. LVCMOS / LVTTL DC CHARACTERISTICS, Vo= Vo voos= 3-3V£5%, Ta = -40°C 10 85°C
Symbol |Parameter Test Conditions Minimum | Typical | Maximum | Units
\A Input High Voltage 2 vV +03 \Y
\A Input Low Voltage -0.3 0.8 \Y
. ADDR, SCL V =V =3.465V 150 pA
| Input High Current 0N
" SDA, nRESET V=V, =3465V 10 pA
ADDR, SCL V =3.465V,V =0V -10 pA
| Input Low Current = .
" SDA, nRESET V _=3.465V,V =0V -150 pA
. Output High Voltage l,, =-12mA 2.6 Vv
Output Low Voltage | =12mA 0.5 \
OL OL
TaBLE 5. CRYSTAL CHARACTERISTICS
Parameter Test Conditions Minimum | Typical | Maximum Units
Mode of Oscillation Fundamental
Frequency 25 MHz
Equivalent Series Resistance (ESR) 50 Q
Shunt Capacitance 7 pF
Drive Level 100 W
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TasLE 6. AC CHARACTERISTICS, V=V

DDO_LVCMOS

= 3.3V+5%, Ta = -40°C 10 85°C

Symbol |Parameter Test Conditions Minimum | Typical | Maximum | Units
QO0:Q11 25 MHz
Q12/nQ12 100 MHz
Output Frequency
out Q13, Q14 24 MHz
Q15:Q16/nQ15:nQ16 100 MHz
. . Q12/nQ12 BER = 10E-12, 100MHz 70 ps
tiit(per) ﬁggﬁi;’_'gg;k Q13, Q14 BER = 10E-12, 24MHz 95 ps
Q15:Q16/nQ15:nQ16 BER = 10E-12, 100MHz 70 ps
Qo0:Q11 25MHz 30 ps
. Cycle-to-Cycle Q12/nQ12 100MHz 80 ps
titeo) | yitter; NOTE 1, 2 Q13, Q14 24MHz 90 ps
Q15:Q16/nQ15:nQ16 100MHz 70 ps
. Minimum Reset Time for nRESET 1.6 ns
s, | s
t PLL Lock Time 50 ms
F Crystal Input Range; NOTE 1 25 MHz
F SSC Modulation Frequency; NOTE 3 29 33.33 kHz
- SSC Modulation Factor; NOTE 3 -0.4 -0.5 %
SSC_ [Spectral Reduction; NOTE 3 4 6 dB
tSTABLE ’F\’lcg)vyreEr Zp 5to Stable Clock Output, 500 ps
VMAX Qté)s_l?llzug,l\gaxmum Output Voltage; HCSL Levels 1150 mv
» Qté)s_l?llzuée g/llnlmum Output Voltage; HCSL Levels -300 mv
vV, Ringback Voltage; NOTE 4, 5 HCSL Levels -100 100 mV
. QgSTOI'E”g’: gc,r‘:(s)s'”g Voltage; HCSL Levels 250 550 | mv
Avwm Total Variation of V_____ NOTE 6, 9, 11 HCSL Levels 140 mV
t / t g;gl;ta” Time Q[o:11], Q13, Q14 20% - 80% 150 350 ps
Rise/Fall Edge Rate; NOTE 4, 12 0.6 5 V/ns
Q[0:11] 42 58 %
odc Output Duty Q13, Q14 49 51 %
Cycle; NOTE 4 Q12/nQi2, 4 o o
Q15/nQ15, Q16/nQ16

NOTE 1: This parameter is defined in accordance with JEDEC Standard 65.
NOTE 2: Only valid within the VCO operating range.
NOTE 3: Spread Spectrum clocking enabled.

NOTE 4: Measurement taken from differential waveform.

NOTE 5: TSTABLE is the time the differential clock must maintain a minimum +150mV differential voltage after rising/falling edges

before it is allowed to droop back into the V

NOTE 6: Measurement taken from single-eﬁ%ed waveform.
NOTES continued on next page.

+100mV differential range. See Parameter Measurement Information Section.
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NOTE 7: Defined as the maximum instantaneous voltage including overshoot. See Parameter Measurement Information
Section.

NOTE 8: Defined as the minimum instantaneous voltage including undershoot. See Parameter Measurement Information
Section.

NOTE 9: Measured at crossing point where the instantaneous voltage value of the rising edge of Qx equals the falling edge of
nQx. See Parameter Measurement Information Section.

NOTE 10: Refers to the total variation from the lowest crossing point to the highest, regardless of which edge is crossing.
Refers to all crossing points for this measurement. See Parameter Measurement Information Section.

NOTE 11: Defined as the total variation of all crossing voltage of Rising Qx and Falling nQx. This is the maximum allowed

variance in the VCR0 for any particular system. See Parameter Measurement Information Section.

NOTE 12: Measured from -150mV to +150mV on the differential waveform (derived from Qx minus nQx). The signal must
be monotonic through the measurement region for rise and fall time. The 300mV measurement window is centered on the
differential zero crossing. See Parameter Measurement Information Section.

© 2019 Renesas Electronics Corporation 9 Revision A April 29, 2016
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PARAMETER MEASUREMENT INFORMATION

3.3V+5%

3.3V+5%
3.3V+5%

1.65V+5%
1.65V+5%
1.65V+5%

100 SCOPE

%509

Measurement
50Q Point

5 ==

'y
49.9Q 2pFi ‘

VDD‘
Vuno LVCMOS,

Voou Z =50Q

A\
Measurement —

= 50Q f
Pomt\
49.9Q ZPFi

-1.65V+5%

3.3V Core/3.3V LVCMOS Output Loap AC Test Circuit 3.3V Core/3.3V HCSL Output Loabp AC Test Circuit

3.3V+5%

SCOPE

50Q2 Y
. — VYOoL

16 contains 68.26% of all measurements

20 contains 95.4% of all measurements

3o contains 99.73% of all measurements

40 contains 99.99366% of all measurements

60 contains (100-1.973x107)% of all measurements
500 Reference Point Histogram
Mean Period

(Trigger Edge)
(First edge after trigger)

ov oV

This load condition is used for|_, 1 | and tjit measurements.
DD DDA1 DDA2

PErioD JITTER

HCSL Ourtput Loap AC Test CircuiT

Qo:Q11,

ao:Qii, Q13, Q14

Q13,014

<«—— fcyclen teycle n+1
tiit(cc) = |tcyc|e n — fcycle n+1 |
1000 Cycles

t
PV x100%

ode =
UpeRioD

LVCMOS Output Duty CycLe/PuLse WipTH/PERIOD LVCMOS CycLE-To-CYCLE JITTER
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PARAMETER MEASUREMENT INFORMATION, CONTINUED

nQ12,
nQ15:nQ16 |
XXX
Q12 :
Q15:Q16 L\
teycle n | teycle n+1 —— : 20%
I
fiit(ce) = | teycle n — teycle n+1| el
1000 Cycles
HCSL CycLe-To-CycLE JITTER
, TsTABLE | ‘ ‘
Rise Edge Rate Fall Edge Rate i VRB i i
e - 3 3 3
1 1 1 1 Jodsomy / N\yv/ N\ I L
| ‘ ‘ | gpe=+100mV_____ ) 1 [
+150mv. S/ NS N “oov. /T . U
. Vegg=-100mV__/ ! _______ N
-150mV ! 150mv_/-___ [N (A NS 4 ) \——
Q-nQ : | | : Q-nQ | | | |
| | | VRB
| | i S
TsTaBLE
DirrerenTIAL HCSL MeasureMENT PoinTs FoR Rise/FALL EbGe
RaTe DirrerenTIAL MEASUREMENT PoINTS FOR RINGBACK

~———Clock Period (Differential)}——————

L_Positive Duty_—_» <« Negative Duty_>i
Cycle (Differential) Cycle (Differential)

SINGLE-ENDED MEASUREMENT PoINTS FOR ABSOLUTE Cross PoINT/SwiNG
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APPLICATION INFORMATION

PoweRr SuppLY FILTERING TECHNIQUES
As in any high speed analog circuitry, the power supply pins
are vulnerable to random noise. To achieve optimum jitter §
performance, power supply isolation is required. The 84452416 Vop
provides separate power supplies to isolate any high switching
noise from the outputs to the internal PLL. V_, V__ and
bo0 wanos Should be individually connected to the power supply Vopat
plane through vias, and 0.01pF bypass capacitors should be
used for each pin. Figure 1 illustrates this for a generic V__ pin
and also shows that V__requires that an additional10Q resistor Vooaz
along with a 10pF bypass capacitor be connected to the V__ pin.

Ficure 1. PoweRr SuppLy FILTERING

RecommeENDATIONS FOR UNUSED INPUT AND OuTPUT PINS

INPUTS: OutpuTs:

LVCMOS ControL Pins LVCMOS Ourtruts

All control pins have internal pull-ups or pull-downs; additional Allunused LVCMOS output can be left floating. We recommend that
resistance is not required but can be added for additional protection. there is no trace attached.

A 1kQ resistor can be used.
DiFFerReNTIAL OuTPUTS
All unused differential outputs can be left floating. We recommend
that there is no trace attached. Both sides of the differential output
pair should either be left floating or terminated.

© 2019 Renesas Electronics Corporation 12 Revision A April 29, 2016
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CRysTAL INPUT INTERFACE

The 844S2416 has been characterized with 18pF parallel
resonant crystals. The capacitor values shown in Figure 2 below
were determined using a 25MHz, 18pF parallel resonant crystal and

were chosen to minimize the ppm error. The value can be varied for
different board layouts.

X1 =
18pF Parallel Crystal

XTAL_IN
C1
12p

XTAL_OUT
c2
12p

Ficure 2. CrysTAL INPUt INTERFACE

LVCMOS T10 XTAL INTERFACE

The XTAL_IN input can accept a single-ended LVCMOS signal
through an AC coupling capacitor. A general interface diagram is
shown in Figure 3. The XTAL_OUT pin can be left floating. The
input edge rate can be as slow as 10ns. For LVCMOS inputs, it
is recommended that the amplitude be reduced from full swing to
half swing in order to prevent signal interference with the power
rail and to reduce noise. This configuration requires that the output

impedance of the driver (Ro) plus 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, R1 and R2 in parallel should equal the
transmission line impedance. For most 50Q applications, R1 and
R2 can be 100Q. This can also be accomplished by removing R1
and making R2 50Q.

<
O

Py
o

Rs

EW

VDD

XTAL_IN

XTAL_OUT

Ficure 3. GENERAL Diacram For LVCMOS Driver 1o XTAL INPuT INTERFACE

© 2019 Renesas Electronics Corporation
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VFQFN EPAD THermAL RELEASE PATH

In order to maximize both the removal of heat from the package and
the electrical performance, a land pattern must be incorporated on
the Printed Circuit Board (PCB) within the footprint of the package
corresponding to the exposed metal pad or exposed heat slug on
the package, as shown in Figure 4. The solderable area on the PCB,
as defined by the solder mask, should be at least the same size/
shape as the exposed pad/slug area on the package to maximize
the thermal/electrical performance. Sufficient clearance should be
designed on the PCB between the outer edges of the land pattern
and the inner edges of pad pattern for the leads to avoid any shorts.

While the land pattern on the PCB provides a means of heat transfer
and electrical grounding from the package to the board through a
solder joint, thermal vias are necessary to effectively conduct from
the surface of the PCB to the ground plane(s). The land pattern
must be connected to ground through these vias. The vias act as
“heat pipes”. The number of vias (i.e. “heat pipes”) are application

specific and dependent upon the package power dissipation as well
as electrical conductivity requirements. Thus, thermal and electrical
analysis and/or testing are recommended to determine the minimum
number needed. Maximum thermal and electrical performance is
achieved when an array of vias is incorporated in the land pattern.
It is recommended to use as many vias connected to ground as
possible. It is also recommended that the via diameter should be 12
to 13mils (0.30 to 0.33mm) with 10z copper via barrel plating. This
is desirable to avoid any solder wicking inside the via during the
soldering process which may result in voids in solder between the
exposed pad/slug and the thermal land. Precautions should be taken
to eliminate any solder voids between the exposed heat slug and
the land pattern. Note: These recommendations are to be used as a
guideline only. For further information, refer to the Application Note
on the Surface Mount Assembly of Amkor’s Thermally/Electrically
Enhance Leadfame Base Package, Amkor Technology.

SOLDER SOLDER
PIN EXPOSED HEAT SLUG PIN
AN
[ \ ]
I \ 1
[ \ \ ]
\ L 1L L1 LA L4 L \
PIN PAD GROUND PLANE \ / / LAND PATTERN PIN PAD
THERMAL VIA (GROUND PAD)

Ficure 4. P.C.AssemBLY FOR Exrosep PAp THERMAL ReELEASE PATH —SipE VIEw (DRAWING NOT TO SCALE)

© 2019 Renesas Electronics Corporation
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RecomMENDED TERMINATION

Figure 5A is the recommended termination for applications which
require the receiver and driver to be on a separate PCB. All traces
should be 50Q impedance.

BCI EXPEESS
ADD-IN CARD

BCI EXPEESES
CLOCE DRIVER

0.5" Max g-0.2"

_______________ 22- 33 £ 3% - I EFEXDRESECS IR
0-0.2"(13 CONNECTOR
T 40 002 + 5%,
< L

Ficure 5A. REcOMMENDED TERMINATION

Figure 5B is the recommended termination for applications which receiver on the same PCB. All traces should all be 50Q impedance.
require a point to point connection and contain the driver and

BCI EXPRESS
CLOCE DERIVER

Ficure 5B. REcCOMMENDED TERMINATION

© 2019 Renesas Electronics Corporation 15 Revision A April 29, 2016
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Power CONSIDERATIONS

This section provides information on power dissipation and junction temperature for the 84452416.
Equations and example calculations are also provided.
1. Power Dissipation.

The total power dissipation for the 84452416 is the sum of the core power plus the analog power plus the power dissipated in the
load(s). The following is the power dissipation for V= 3.3V + 5% = 3.465V, which gives worst case results.

Core and HCSL Output Power Dissipation
e Power (core) =V (1, 1) =3.465V " (170 + 9mA + 22mA) = 696.5mW

MAX DD_MAX DDA1

e Power (HCSL) = 44.5mW/Loaded Output Pair
If all outputs are loaded, the total power is 3 * 44.5mW = 133.5mW

LVCMOS Output Power Dissipation

e Output Impedance R Power Dissipation due to Loading 50QtoV_ /2
Output Current || =V /[2*(50Q + R )] = 3.465V /[2 * (50Q2 + 21Q)] = 24.4mA

T DDO_MAX

e Power Dissipation on the R_ per LVCMOS output
Power (R )=R_ (I ) =21Q* (24.4mA)* = 12.5mW per output

e Total Power Dissipation on the R_
Total Power (R_ ) =12.5mW * 14 = 175mW

e  Dynamic Power Dissipation at 24MHz and 25MHz
Power Dynamic =V " = 3.465V * 16mA = 55.44mW

DDO_LVCMOS_MAX DDO_LVCMOS
Total Power Dissipation

e Total Power

= Power (core) + Power (HCSL) + Total Power (ROUT) + Total Power (Rom) + Total Power (Dynamic)
=696.5mW + 133.5mW + 175mW + 55.44mW

=1060.4mW

© 2019 Renesas Electronics Corporation 16 Revision A April 29, 2016
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2. Junction Temperature.

Junction temperature at the junction of the bond wire and bond pad directly affects the reliability of the device. The maximum
recommended junction temperature is 125°C. Limiting the internal transistor junction temperature, Tj, to 125°C ensures that the bond
wire and bond pad temperature remains below 125°C.

The equation for Tj is as follows: Tj = 0. * Pd_total + Ta

Tj = Junction Temperature

0. = Junction-to-Ambient Thermal Resistance

Pd_total = Total Device Power Dissipation (example calculation is in section 1 above)
Ta = Ambient Temperature

In order to calculate junction temperature, the appropriate junction-to-ambient thermal resistance 6..must be used. Assuming air flow of
1 meter per second and a multi-layer board, the appropriate value is 27.5°C/W per Table 7.

Therefore, Tj for an ambient temperature of 85°C with all outputs switching is:
85°C + 1.06W * 27.5°C/W = 114.2°C. This is below the limit of 125°C.

This calculation is only an example. Tj will obviously vary depending on the number of loaded outputs, supply voltage, air flow, and the
type of board.

TABLE 7. THERMAL RESISTANCE 0.1 FOR 56-LEAD VFQFN, FOrRcED CONVECTION

0. vs. Air Flow (Meters per Second)

0 1 2.5
Multi-Layer PCB, JEDEC Standard Test Boards 31.4°C/W 27.5°C/W 24.6°C/W

© 2019 Renesas Electronics Corporation 17 Revision A April 29, 2016
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3. Calculations and Equations.
The purpose of this section is to calculate power dissipation on the IC per HCSL output pair.

HCSL output driver circuit and termination are shown in Figure 6.

Voo

IOUT =17mA

@

Vout

RReF =
475Q) + 1%

Ficure 6. HCSL Driver CircuiT AND TERMINATION

HCSL is a current steering output which sources a maximum of 17mA of current per output. To calculate worst case on-chip power
dissipation, use the following equations which assume a 502 load to ground.

The highest power dissipation occurs when Vo, is HIGH.
Power = (Voonen — Vour) * lour since Vo = oy * Re

= (Voo.on = lour™ Ru) * lour

=(3.465V — 17mA * 50Q) * 17mA

Total Power Dissipation per output pair = 44.5mW

© 2019 Renesas Electronics Corporation 18 Revision A April 29, 2016
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RELIABILITY INFORMATION

TaBLE 8. OJAvs. AR FLow TaBLE For 56 LEap VFQFN

0. by Velocity (Meters per second)

0

1

Multi-Layer PCB, JEDEC Standard Test Boards 31.4°C/W 27.5°C/W

2.5
24.6°C/W

TrANsISTOR COUNT
The transistor count for 84452416 is: 13,890

© 2019 Renesas Electronics Corporation
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Package OuTLINE - K Surrix For 56 LEab VFQFN

; (Ref.)
Seating PlanejA (No-1)x[8] N& N,
> Re) Even
IndexArea A<
N > oAz g b &[N ¥ [e] yp)
//7 [T 1] A ] 0 U |fNi&Ni
nvi A 1 | are Even
ﬂg‘ 7 — Singulation | - A ) S 2¢
B Sor Loy = N Ni-1 X[l
awn ; E2 | . (Ref)
. . 2 jj 7
TopView Singulation §—* =i I N Y v
AR L] T b
WL Ao @ f)e «— Therma
—> er.
Oad
Chamfer 4x —008]| C <« D2 —p
0.6 x 0.6 max
OPTIONAL

NOTE: The following package mechanical drawing is a generic device. The pin count and pinout are shown on the front page. The
drawing that applies to any pin count VFQFN package. This drawing package dimensions are in Table 8 below.
is not intended to convey the actual pin count or pin layout of this

TaBLE 9. PackaGE DIMENSIONS

JEDEC VARIATION
ALL DIMENSIONS IN MILLIMETERS
SYMBOL MINIMUM MAXIMUM

N 56

A 0.80 1.0
A1l 0 0.05
A3 0.25 Reference

b 0.18 0.30
e 0.50 BASIC

N, 14

N, 14

D 8.0

D2 4.35 4.65
E 8.0

E2 5.05 5.35
L 0.3 0.55

Reference Document: JEDEC Publication 95, MO-220
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TasLE 10. ORDERING INFORMATION

Part/Order Number Marking Package Shipping Packaging Temperature
84452416CKILF ICS44S2416CIL | 56 lead “Lead Free” VFQFN tray -40°C to 85°C
844S2416CKILFT ICS44S2416CIL | 56 lead “Lead Free” VFQFN | tape & reel, Pin 1 orientation (EIA-481-C) | -40°C to 85°C
844S2416CKILF/W [ 1ICS44S2416CIL | 56 lead “Lead Free” VFQFN |tape & reel, Pin 1 orientation, (EIA-481-D) | -40°C to 85°C

TasLE 11. PiN 1 ORriENTATION IN TAPE AND REEL PACKAGING

Part Number Suffix

Pin 1 Orientation

Illlustration

Comct PN 1 ORENTATION
‘|| CARRER TAPE TOPSOE Rioaund S0 oCibt HOME)

{fpocooodoo000000000 Ok
2 3
T Quadrant 1 (EIA-481-C) I <
i
4 p
— — — — —
USER DIRECTION OF FEED
Comect I'I'? 1 OFENTATION P— ";.,..._, PR—
{C000POQORVWO0ODOOOOO0 O\
' I .
W Quadrant 2 (EIA-481-D) £ {
\

/

— — — — —
USER DIRECTION OF FEED
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REVISION HISTORY SHEET
Rev Table Page Description of Change Date

1 General Description - deleted HiperClocks logo. First sentence, deleted HiperClocks

A : . . 12/2/13
17 reference.Power Considerations - updated Junction Temperature sentence.

A T10 21 Ordering Information - Added W part number. 716/15

T11 21 Added Pin 1 orientation table.
A T10 21 Ordering Information - Deleted LF note below table. 4/29/16
Updated data sheet header and footer.
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