RENESANS
LVTTL Fanout Buffer

Low Skew, 1:6 Crystal-to-LVCMOS/

83905
Datasheet

General Description

The 83905 is a low skew, 1-to-6 LVCMOS / LVTTL Fanout Buffer.
The low impedance LVCMOS/LVTTL outputs are designed to
drive 50Q series or parallel terminated transmission lines. The
effective fanout can be increased from 6 to 12 by utilizing the
ability of the outputs to drive two series terminated lines.

The 83905 is characterized at full 3.3V, 2.5V, and 1.8V, mixed
3.3V/2.5V, 3.3V/1.8V and 2.5V/1.8V output operating supply
mode. Guaranteed output and part-to-part skew characteristics
along with the 1.8V output capabilities makes the 83905 ideal for
high performance, single ended applications that also require a
limited output voltage.
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Features

Six LVCMOS / LVTTL outputs

Outputs able to drive 12 series terminated lines
Crystal Oscillator Interface

Crystal input frequency range: 10MHz to 40MHz
Output skew: 80ps (maximum)

RMS phase jitter @ 25MHz, (100Hz — 1MHz): 0.26ps (typical),
VDD = VDDO =25V

Offset Noise Power
100Hz.......c......... -129.7 dBc/Hz
1KHZ .covveieiin -144.4 dBc/Hz
10kHz ................. -147.3 dBc/Hz
100kHz............... -157.3 dBc/Hz

5V tolerant enable inputs
Synchronous output enables

Operating power supply modes:

Full 3.3V, 2.5V, 1.8V

Mixed 3.3V core/2.5V output operating supply
Mixed 3.3V core/1.8V output operating supply
Mixed 2.5V core/1.8V output operating supply

0°C to 70°C ambient operating temperature
Lead-free (RoHS 6) packaging

Block Diagram
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Pin Descriptions and Characteristics

Table 1. Pin Descriptions

Name Type Description
XTAL_OUT Output Crystal oscillator interface. XTAL_OUT is the output.
XTAL_IN Input Crystal oscillator interface. XTAL_IN is the input.
ENABLE1, ENABLE2 Input Clock enable. LVCMOS/LVTTL interface levels. See Table 3.
%(C::LLKKOS BB((:ZILEA-{ BB((::LLKK25 Output Clock outputs. LVCMOS/LVTTL interface levels.
GND Power Power supply ground.
Vpp Power Power supply pin.
Vppo Power Output supply pin.
nc Unused No connect.

Table 2. Pin Characteristics

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
CiN Input Capacitance 4 pF
Power Dissipation Voo = 3.465V 19 PF
Cpp Capacitance Vppo = 2.625V 18 pF
(per output) Voo = 2.0V 16 pF
Vppo = 3.3V £ 5% 7 Q
Rout Output Impedance Vbpo = 2.5V £ 5% 7 Q
Vppo = 1.8V £ 0.2V 10 Q

Function Table

Table 3. Clock Enable Function Table

Control Inputs Outputs
ENABLE 1 ENABLE2 BCLK][0:4] BCLK5
0 0 LOW LOW
0 1 LOW Toggling
1 0 Toggling LOW
1 1 Toggling Toggling

sos | LI LT LT LI
s | L L LT L L L L L L L L

ENABLE2 |

Loy

ENABLE1

Figure 1. Enable Timing Diagram
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Absolute Maximum Ratings

NOTE: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These ratings are

stress specifications only. Functional 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.

Iltem

Rating

Supply Voltage, Vpp

4.6V

Inputs, V,

-0.5V to Vpp + 0.5V

Outputs, Vg

-0.5V to VDDO+ 0.5v

Package Thermal Impedance, 035
16-Lead SOIC package

16-Lead TSSOP package
20-Lead VFQFN package

78.8°C/W (0 mps)
100.3°C/W (0 mps)
57.5°C/W (0 mps)

Storage Temperature, Tgrg

-65°C to 150°C

DC Electrical Characteristics

Table 4A. Power Supply DC Characteristics, Vpp = Vppg = 3.3V £ 5%, T, = 0°C to 70°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vpp Power Supply Voltage 3.135 3.3 3.465 \%
Vppbo Output Supply Voltage 3.135 3.3 3.465 \%
Ibb Power Supply Current ENABLE [1:2] = 00 10 mA
Ibbo Output Supply Current ENABLE [1:2] = 00 5 mA
Table 4B. Power Supply DC Characteristics, Vpp = Vppg = 2.5V £ 5%, T, = 0°C to 70°C
Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vpp Power Supply Voltage 2.375 25 2.625 \Y,
Vppbo Output Supply Voltage 2.375 25 2.625 \%
Ibp Power Supply Current ENABLE [1:2] = 00 8 mA
Ibbo Output Supply Current ENABLE [1:2] = 00 4 mA
Table 4C. Power Supply DC Characteristics, Vpp = Vppo = 1.8V £ 0.2V, Tp = 0°C to 70°C
Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vpp Power Supply Voltage 1.6 1.8 2.0 \Y,
Vppo Output Supply Voltage 1.6 1.8 2.0 \%
Ibb Power Supply Current ENABLE [1:2] = 00 5 mA
Ibbo Output Supply Current ENABLE [1:2] = 00 3 mA
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Table 4D. Power Supply DC Characteristics, Vpp = 3.3V + 5%, Vppg = 2.5V + 5%, Tp = 0°C to 70°C
Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vpp Power Supply Voltage 3.135 3.3 3.465 \%
Vppo Output Supply Voltage 2.375 25 2.625 \%
Iop Power Supply Current ENABLE [1:2] = 00 10 mA
Ibpo Output Supply Current ENABLE [1:2] = 00 4 mA
Table 4E. Power Supply DC Characteristics, 3.3V + 5%, Vppg = 1.8V £ 0.2V, T = 0°C to 70°C
Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vpp Power Supply Voltage 3.135 3.3 3.465 \%
Vbpo Output Supply Voltage 1.6 1.8 2.0 \%
Iop Power Supply Current ENABLE [1:2] = 00 10 mA
Ibpo Output Supply Current ENABLE [1:2] = 00 3 mA
Table 4F. Power Supply DC Characteristics, Vpp = 2.5V + 5%, Vppg = 1.8V £ 0.2V, T, = 0°C to 70°C
Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vpp Power Supply Voltage 2.375 25 2.625 \%
Vbpo Output Supply Voltage 1.6 1.8 2.0 \%
Ibp Power Supply Current ENABLE [1:2] = 00 8 mA
Ibpo Output Supply Current ENABLE [1:2] = 00 3 mA
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Table 4G. LVCMOS/LVTTL DC Characteristics, Tp = 0°C to 70°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vpp = 3.3V 5% 2 Vpp + 0.3 \Y
Input ENABLEL1, _ o
ViH High Voltage | ENABLE2 Vpp = 2.5V £ 5% 1.7 Vpp + 0.3 \Y,
VDD =1.8V +0.2V 0.65* VDD VDD +0.3 Vv
Vpp = 3.3V 5% -0.3 0.8 \Y
Input ENABLEL1, _ 0
Vi Low Voltage | ENABLE2 Vop = 2.5V * 5% 03 0.7 v
Vpp =1.8V 0.2V -0.3 0.35* Vpp \Y,
Vppo = 3.3V £ 5%; NOTE 1 2.6 \Y,
VDDO = 2.5V + 5%; lOH =-1mA 2.0 Vv
VoH Output High Voltage
Vppo = 2.5V + 5%; NOTE 1 1.8 \Y,
Vppo = 1.8V £0.2V; NOTE 1 Vppo - 0.3 \Y,
Vbpo = 3.3V £ 5%; NOTE 1 0.5 \Y,
Vppo = 2.5V £ 5%; Ig. = 1ImA 0.4 \Y,
VoL Output Low Voltage; NOTE 1
Vppo = 2.5V = 5%; NOTE 1 0.45 \Y,
Vppo = 1.8V £0.2V; NOTE 1 0.35 \Y,

NOTE 1: Outputs terminated with 50Q2 to Vppp/2. See Parameter Measurement Information, Output Load Test Circuit diagrams.

Table 5. Crystal Characteristics

Parameter Test Conditions Minimum Typical Maximum Units
Mode of Oscillation Fundamental

Frequency 10 40 MHz
Equivalent Series Resistance (ESR) 50 Q
Shunt Capacitance 7 pF
Drive Level 1 mw
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AC Electrical Characteristics
Table 6A. AC Characteristics, Vpp = Vppg = 3.3V £ 5%, Tp = 0°C to 70°C

Symbol | Parameter Test Conditions Minimum Typical Maximum | Units
Using External Crystal 10 40 MHz
f Output Frequenc i
MAX p q y gzg]r%eEﬁt(e)r_lr_\gll(llock DC 100 MHz
tsk(o) Output Skew; NOTE 2, 3 80 ps
fit(@) | RMS Phase Jitter (Random); NOTE 4 25MHib'(;‘|:ezgiaf&’$ange: 0.13 ps
tr/ tp Output Rise/Fall Time 20% to 80% 200 800 ps
odc Output Duty Cycle 48 52 %
ten Qutput Enable ENABLE1 4 cycles
Time; NOTE 5 ENABLE2 4 cycles
o -([?'Utpl-Jt Disable ENABLE1 4 cycles
ime; NOTE 5 ENABLE2 4 cycles

NOTE: Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the
device is mounted in a test socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after
thermal equilibrium has been reached under these conditions.

All parameters measured at f < fyax using a crystal input unless noted otherwise.

Terminated at 50Q to Vppo/2.

NOTE 1: XTAL_IN can be overdriven by a single-ended LVCMOS signal. Please refer to Application Information section.
NOTE 2: Defined as skew between outputs at the same supply voltage and with equal load conditions. Measured at Vppo/2.
NOTE 3: This parameter is defined in accordance with JEDEC Standard 65.

NOTE 4: See phase noise plot.

NOTE 5: These parameters are guaranteed by characterization. Not tested in production.

Table 6B. AC Characteristics, Vpp = Vppg = 2.5V + 5%, Tp = 0°C to 70°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Using External Crystal 10 40 MHz
f Output Frequenc i
MAX p q y gzg]r%eEﬁt(e)r_lr_\gll(llock DC 100 MHz
tsk(o) Output Skew; NOTE 2, 3 80 ps
it RMS Phase Jitter (Random); NOTE 4 25MHib'(;‘|:ezgiafm§ange: 0.26 ps
tr/ tp Output Rise/Fall Time 20% to 80% 200 800 ps
odc Output Duty Cycle 47 53 %
ten Qutput Enable ENABLE1 4 cycles
Time; NOTE 5 ENABLE2 4 cycles
o -([?'Utpl-Jt Disable ENABLE1 4 cycles
ime; NOTE 5 ENABLE2 4 cycles

NOTE: Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the
device is mounted in a test socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after
thermal equilibrium has been reached under these conditions.

All parameters measured at f < fyyax uUsing a crystal input unless noted otherwise.

Terminated at 50Q to Vppo/2.

NOTE 1: XTAL_IN can be overdriven by a single-ended LVCMOS signal. Please refer to Application Information section.
NOTE 2: Defined as skew between outputs at the same supply voltage and with equal load conditions. Measured at Vppo/2.
NOTE 3: This parameter is defined in accordance with JEDEC Standard 65.

NOTE 4: See phase noise plot.

NOTE 5: These parameters are guaranteed by characterization. Not tested in production.
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Table 6C. AC Characteristics, Vpp = Vpppo = 1.8V £ 0.2V, T = 0°C to 70°C

Symbol | Parameter Test Conditions Minimum Typical Maximum | Units
Using External Crystal 10 40 MHz
f Output Frequenc i
MAX p q y gsll;]r?:eE;tgr_Péllclock DC 100 MHz
tsk(o) Output Skew; NOTE 2, 3 80 ps
tjit(D) RMS Phase Jitter (Random) ZSMHibg‘;igiaf&T_gange: 0.27 ps
tr/ e Output Rise/Fall Time 20% to 80% 200 900 ps
odc Output Duty Cycle a7 53 %
ten Qutput Enable ENABLE1 4 cycles
Time; NOTE 4 ENABLE2 4 cycles
tors _?.Utpl-ﬂ Disable ENABLE1 4 cycles
ime; NOTE 4 ENABLE2 4 cycles

NOTE: Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the
device is mounted in a test socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after
thermal equilibrium has been reached under these conditions.

All parameters measured at f < fyyax uUsing a crystal input unless noted otherwise.

Terminated at 50Q2 to Vppo/2.

NOTE 1: XTAL_IN can be overdriven by a single-ended LVCMOS signal. Please refer to Application Information section.

NOTE 2: Defined as skew between outputs at the same supply voltage and with equal load conditions. Measured at Vppo/2.

NOTE 3: This parameter is defined in accordance with JEDEC Standard 65.

NOTE 4: These parameters are guaranteed by characterization. Not tested in production.

Table 6D. AC Characteristics, Vpp = 3.3V = 5%, Vppo = 2.5V + 5%, Tp = 0°C to 70°C

Symbol | Parameter Test Conditions Minimum Typical Maximum | Units
Using External Crystal 10 40 MHz
f Output Frequenc i
MAX p q y LngllTr%eE;tgr_?EllCIock DC 100 MHz
tsk(o) Output Skew; NOTE 2, 3 80 ps
tjit RMS Phase Jitter (Random) 25MHibI(;1|:ezgia;i&r|l_|l;\’ange: 0.14 ps
tr/ tp Output Rise/Fall Time 20% to 80% 200 800 ps
odc Output Duty Cycle 48 52 %
ten Qutput Enable ENABLE1 4 cycles
Time; NOTE 4 ENABLE2 4 cycles
tors _(r).utp%n Disable ENABLE1 4 cycles
ime; NOTE 4 ENABLE2 4 cycles

NOTE: Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the
device is mounted in a test socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after
thermal equilibrium has been reached under these conditions.

All parameters measured at f < fy;ax USing a crystal input unless noted otherwise.

Terminated at 50Q2 to Vppo/2.

NOTE 1: XTAL_IN can be overdriven by a single-ended LVCMOS signal. Please refer to Application Information section.

NOTE 2: Defined as skew between outputs at the same supply voltage and with equal load conditions. Measured at Vppo/2.

NOTE 3: This parameter is defined in accordance with JEDEC Standard 65.

NOTE 4: These parameters are guaranteed by characterization. Not tested in production.
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Table 6E. AC Characteristics, Vpp = 3.3V + 5%, Vppg = 1.8V £ 0.2V, T, = 0°C to 70°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Using External Crystal 10 40 MHz
f Output Frequenc i
MAX p q y gg:wr%eEatgqr_lgllclock DC 100 MHz
tsk(o) Output Skew; NOTE 2, 3 80 ps
tjit RMS Phase Jitter (Random) ZSMHingig:af&T_Eange; 0.18 ps
tr/te Output Rise/Fall Time 20% to 80% 200 900 ps
odc Output Duty Cycle 48 52 %
ten Qutput Enable ENABLE1 4 cycles
Time; NOTE 4 ENABLE2 4 cycles
tors _(I?_utpl.Jt Disable ENABLE1 4 cycles
ime; NOTE 4 ENABLE2 4 cycles

NOTE: Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the
device is mounted in a test socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after
thermal equilibrium has been reached under these conditions.

All parameters measured at f < fyyax uUsing a crystal input unless noted otherwise.

Terminated at 50Q2 to Vppo/2.

NOTE 1: XTAL_IN can be overdriven by a single-ended LVCMOS signal. Please refer to Application Information section.

NOTE 2: Defined as skew between outputs at the same supply voltage and with equal load conditions. Measured at Vppo/2.

NOTE 3: This parameter is defined in accordance with JEDEC Standard 65.

NOTE 4: These parameters are guaranteed by characterization. Not tested in production.

Table 6F. AC Characteristics, Vpp = 2.5V + 5%, Vppo = 1.8V £ 0.2V, T = 0°C to 70°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Using External Crystal 10 40 MHz
f Output Frequenc i
MAX p q y gz:Tr?;eEﬁg$E|1C|OCk DC 100 MHz
tsk(o) Output Skew; NOTE 2, 3 80 ps
tjit RMS Phase Jitter (Random) 25MHibI(;1|E|eZgiaii,<\)/lr|l_§ange: 0.19 ps
tr/ tp Output Rise/Fall Time 20% to 80% 200 900 ps
odc Output Duty Cycle 47 53 %
ten Qutput Enable ENABLE1 4 cycles
Time; NOTE 4 ENABLE2 4 cycles
tors _(r).utp%,t Disable ENABLE1 4 cycles
ime; NOTE 4 ENABLE2 4 cycles

NOTE: Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the
device is mounted in a test socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after
thermal equilibrium has been reached under these conditions.

All parameters measured at f < fy;ax USing a crystal input unless noted otherwise.

Terminated at 50Q2 to Vppo/2.

NOTE 1: XTAL_IN can be overdriven by a single-ended LVCMOS signal. Please refer to Application Information section.

NOTE 2: Defined as skew between outputs at the same supply voltage and with equal load conditions. Measured at Vppo/2.

NOTE 3: This parameter is defined in accordance with JEDEC Standard 65.

NOTE 4: These parameters are guaranteed by characterization. Not tested in production.
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Typical Phase Noise at 25MHz (2.5V Core/2.5V Output)
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Parameter Measurement Information

1.65V+5%

SCOPE

%SOQ

-1.65V+5%

1.25V+5%

SCOPE

%SOQ

-1.25+5%

3.3V Core/3.3V LVCMOS Output Load AC Test Circuit

2.5V Core/2.5V LVCMOS Output Load AC Test Circuit

0.9v+0.1V

SCOPE

%SOQ

-0.9v+0.1V

2.05V+5%

1.25V+5%

SCOPE

%SOQ

-1.25+5%

1.8V Core/1.8V LVCMOS Output Load AC Test Circuit

3.3V Core/2.5V LVCMOS Output Load AC Test Circuit

2.4V+0.9V

0.9v+0.1V

SCOPE

%SOQ

-0.9v+0.1V

1.6V+0.025%

0.9v+0.1V

SCOPE

%50(2

-0.9v+0.1V

3.3V Core/1.8V LVCMOS Output Load AC Test Circuit

2.5V Core/1.8V LVCMOS Output Load AC Test Circuit
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Parameter Measurement Information, continued
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Application Information

Crystal Input Interface

Figure 2 shows an example of 83905 crystal interface with a
parallel resonant crystal. The frequency accuracy can be fine
tuned by adjusting the C1 and C2 values. For a parallel crystal with
loading capacitance CL = 18pF, to start with, we suggest C1 =
15pF and C2 = 15pF. These values may be slightly fine tuned
further to optimize the frequency accuracy for different board

layouts. Slightly increasing the C1 and C2 values will slightly
reduce the frequency. Slightly decreasing the C1 and C2 values
will slightly increase the frequency. For the oscillator circuit below,
R1 can be used, but is not required. For new designs, it is
recommended that R1 not be used.

XTAL_IN

X1
18pF Parallel Crystal ~ |

Cc2
15p

R1 (optional)

XTAL_OUT

Figure 2. Crystal Input Interface

LVCMOS to 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. By overdriving the crystal oscillator, the
device will be functional, but note, the device performance is
guaranteed by using a quartz crystal.

VoD VDD
R1
Ro Rs 50Q 0.1uf
AN }— XTAL_IN
Zo=Ro +Rs R2

XTAL_OUT

Figure 3. General Diagram for LVCMOS Driver to XTAL Input Interface
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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. Itis 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, please refer to the Application Note on the
Surface Mount Assembly of Amkor’s Thermally/Electrically
Enhance Leadframe Base Package, Amkor Technology.

PIN SOLDER

EXPOSED HEAT SLUG

SOLDER PIN

’

; ?'/////,j 7'/////:4 ///////."////////////////////////:I//////////a
2 k4 Z)
\ “ “ \ A
PIN PAD GROUND PLANE \ / / LAND PATTERN PIN PAD
THERMAL VIA (GROUND PAD)

Figure 4. P.C. Assembly for Exposed Pad Thermal Release Path — Side View (drawing not to scale)

Recommendations for Unused Input and Output Pins

Inputs:

LVCMOS Control Pins

All control pins have internal pull-ups or pull-downs; additional
resistance is not required but can be added for additional
protection. A 1kQ resistor can be used.

Outputs:

LVCMOS Outputs

All unused LVCMOS output can be left floating. There should be no
trace attached.

© 2019 Renesas Electronics Corporation
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Layout Guideline

Figure 5 shows an example of 83905 application schematic. The
schematic example focuses on functional connections and is not
configuration specific. In this example, the device is operated at
Vpp = 3.3V and Vppg = 1.8V. The crystal inputs are loaded with an
18pf load resonant quartz crystal. The tuning capacitors (C1, C2)
are fairly accurate, but minor adjustments might be required. Refer
to the pin description and functional tables in the datasheet to
ensure the logic control inputs are properly set. For the LVCMOS
output drivers, two termination examples are shown in the
schematic. For additional termination examples are shown in the
LVCMOS Termination Application Note.

As with 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 83905
provides separate Vpp and Vppo power supplies to isolate any
high switching noise from coupling into the internal oscillator. In
order to achieve the best possible filtering, it is highly

recommended that the 0.1uF capacitors on the device side of the
ferrite beads be placed on the device side of the PCB as close to
the power pins as possible. This is represented by the placement
of these capacitors in the schematic. If space is limited, the ferrite
beads, 10uF and 0.1uF capacitor connected to the board supplies
can be placed on the opposite side of the PCB. If space permits,
place all filter components on the device side of the board.

Power supply filter recommendations are a general guideline to be
used for reducing external noise from coupling into the devices.
The filter performance is designed for a wide range of noise
frequencies. This low-pass filter starts to attenuate noise at
approximately OkHz. If a specific frequency noise component is
known, such as switching power supplies frequencies, it is
recommended that component values be adjusted and if required,
additional filtering be added. Additionally, good general design
practices for power plane voltage stability suggests adding bulk
capacitance in the local area of all devices.

Logic Control Input Examples

m= oetLogic | .- Set Logic
T T Input toD

Input o™

FTAL N : =T Ei=k
ENAELE ) pr————————
T S
BGLIC 3
500 fr————
GNID = BT
e B
__l_ —

Cptional Termination

Unsed cutputs can be left floating. There should be
no trace attached to unus ed cutputs . Device
characterized and specification limits 5 et with all
outputs terminated.

Figure 5. Schematic of Recommended Layout
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Power Considerations

This section provides information on power dissipation and junction temperature for the 83905.
Equations and example calculations are also provided.

1. Power Dissipation.

The total power dissipation for the 83905 is the sum of the core power plus the analog power plus the power dissipated due to the load.
The following is the power dissipation for Vpp = 3.3V + 5% = 3.465V, which gives worst case results.

. Power (COI’e)MAX = VDD_MAX * (IDD + IDDO) = 3.465V *(10mA + 5mA) =51.9mW

e Output Impedance Rgyt Power Dissipation due to Loading 50Q2 to Vpp/2
Output Current lOUT = VDD_MAX / [2 * (SOQ + ROUT)] =3.465V/ [2 * (SOQ + 7Q)] =30.4mA

*  Power Dissipation on the Ryt per LVCMOS output
Power (Rout) = Rout * (lout)? = 7Q * (30.4mA)? = 6.5mW per output

«  Total Power Dissipation on the Royt
Total Power (RgyT) = 6.5mW * 6 = 39mW
Dynamic Power Dissipation at 25MHz
Power (25MHz) = Cpp * Frequency * (VDD)2 = 19pF * 25MHz * (3.465V)2 =5.70mW per output
Total Power (25MHz) = 5.70mW * 6 = 34.2mW
Total Power Dissipation

e  Total Power
= Power (core)yax + Total Power (RgyT) + Total Power (25MHz)
=51.98mW + 39mW + 34.2mW
=125.1mw
2. Junction Temperature.

Junction temperature, Tj, is the temperature at the junction of the bond wire and bond pad and directly affects the reliability of the device.
The maximum recommended junction temperature is 125°C.

The equation for Tj is as follows: Tj = 035 * Pd_total + Tp

Tj = Junction Temperature

0;a = Junction-to-Ambient Thermal Resistance

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

T = Ambient Temperature

In order to calculate junction temperature, the appropriate junction-to-ambient thermal resistance 0;, must be used. Assuming no air flow
and a multi-layer board, the appropriate value is 100.3°C/W per Table 7 below.

Therefore, Tj for an ambient temperature of 70°C with all outputs switching is:
70°C + 0.125W *100.3°C/W = 82.5°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 (multi-layer).

Table 7. Thermal Resistance 03, for 16-Lead TSSOP, Forced Convection
034 by Velocity

Meters per Second 0 1 25
Multi-Layer PCB, JEDEC Standard Test Boards 100.3°C/W 96.0°C/W 93.9°C/W

© 2019 Renesas Electronics Corporation 15 Revision D September 27, 2016



RRENESAS

Reliability Information

Table 8A. 03, vs. Air Flow Table for a 16-Lead TSSOP

034 Vvs. Air Flow

Meters per Second 0 1 25
Multi-Layer PCB, JEDEC Standard Test Boards 100.3°C/W 96.0°C/W 93.9°C/W
Table 8B. 03, vs. Air Flow Table for a 16-Lead SOIC
03a Vvs. Air Flow
Meters per Second 0 1 25
Multi-Layer PCB, JEDEC Standard Test Boards 78.8°C/W 71.1°C/W 66.2°C/W
Table 8C. 03, vs. Air Flow Table for a 20-Lead VFQFN
03 Vs. Air Flow
Meters per Second 0 1 25
Multi-Layer PCB, JEDEC Standard Test Boards 57.5°C/W 50.3°C/W 45.1°C/W
Transistor Count
The transistor count for 83905: 339
© 2019 Renesas Electronics Corporation 16 Revision D September 27, 2016
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Package Outline and Package Dimensions
Package Outline - G Suffix for 16-Lead TSSOP
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Table 9A. Package Dimensions for 16-Lead TSSOP
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Package Outline - M Suffix for 16-Lead SOIC
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Table 9B. Package Dimensions for 16-Lead SOIC

Reference Document: JEDEC Publication 95, MO-153

All Dimensions in Millimeters All Dimensions in Millimeters
Symbol Minimum Maximum Symbol Minimum Maximum
N 16 N 16
A 1.20 A 1.35 1.75
Al 0.05 0.15 Al 0.10 0.25
A2 0.80 1.05 B 0.33 0.51
b 0.19 0.30 C 0.19 0.25
c 0.09 0.20 D 9.80 10.00
D 4.90 5.10 E 3.80 4.00
E 6.40 Basic e 1.27 Basic
El 4.30 4.50 H 5.80 6.20
0.65 Basic h 0.25 0.50
0.45 0.75 L 0.40 1.27
o 0° 8° o 0° 8°
aaa 0.10 Reference Document: JEDEC Publication 95, MS-012
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Package Outline and Package Dimensions

Package Outline - K Suffix for 20-Lead VFQFN
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Table 10. Package Dimensions NOTE:
All Dimensions in Millimeters The drawing and dimension data originate from IDT package
Symbol Minimum Nominal Maximum outline drawing PSC-4170, rev03.
N 20 1. Dimensions and tolerances conform to ASME Y14.5M-1994
A 0.80 1.00 2. All dimensions are in millimeters. All angles are in degrees.
Al 0 0.05 . .
3. N is the total number of terminals.
A3 0.2 Ref.
b 0.20 ‘ 0.25 ‘ 0.30 4. All specifications comply with JEDEC MO-220.
Np & Ng 5
D&E 4.00 Basic
D2 & E2 1.95 | | 2.25
e 0.50 Basic
L 045 | 055 | 065
Reference Document: JEDEC Publication 95, MO-220
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Ordering Information

Table 11. Ordering Information

Part/Order Number Marking Package Shipping Packaging Temperature
83905AMLF 83905AML “Lead-Free” 16-Lead SOIC Tube 0°C to 70°C
83905AMLFT 83905AML “Lead-Free” 16-Lead SOIC Tape & Reel 0°Cto 70°C
83905AGLF 83905AGL “Lead-Free” 16-Lead TSSOP Tube 0°C to 70°C
83905AGLFT 83905AGL “Lead-Free” 16-Lead TSSOP Tape & Reel 0°C to 70°C
83905AKLF 3905AL “Lead-Free” 20-Lead VFQFN Tray 0°C to 70°C
83905AKLFT 3905AL “Lead-Free” 20-Lead VFQFN Tape & Reel 0°C to 70°C
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Reel.
C 1 Pin Assignment: Corrected 20-Lead illustration cut-off text 2127/14
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Notice

10.

1.
12.

(Note1)

(Note2)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The intended applications for
each Renesas Electronics product depends on the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, "General Notes for
Handling and Using Semiconductor Devices" in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

"Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
"Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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