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Differential-to-LVVDS/0.7V Differential
PCIl Express™ Jitter Attenuator

87410041
Data Sheet

General Description

The 87410041 is a high performance Differential-to-LVDS/0.7V
Differential Jitter Attenuator designed for use in PCI Express™
systems. In some PCI Express systems, such as those found in
desktop PCs, the PCI Express clocks are generated from a low
bandwidth, high phase noise PLL frequency synthesizer. In these
systems, a jitter attenuator may be required to attenuate high
frequency random and deterministic jitter components from the PLL
synthesizer and from the system board. The 87410041 has 3 PLL
bandwidth modes: 200kHz, 600kHz and 2MHz. The 200kHz mode
will provide maximum jitter attenuation, but with higher PLL tracking
skew and spread spectrum modulation from the motherboard
synthesizer may be attenuated. The 600kHz provides an
intermediate bandwidth that can easily track triangular spread
profiles, while providing good jitter attenuation. The 2MHz bandwidth
provides the best tracking skew and will pass most spread profiles,
but the jitter attenuation will not be as good as the lower bandwidth
modes. Because some 2.5Gb serdes have x20 multipliers while
others have x25 multipliers, the 8741004 can be set for 1:1 mode or
5/4 multiplication mode (i.e. 100MHz input/125MHz output) using the
F_SEL pins.

The 87410041 uses IDT’s 3" Generation FemtoClock™

PLL technology to achieve the lowest possible phase noise.

The device is packaged in a 24 Lead TSSOP package, making it
ideal for use in space constrained applications such as PCI Express
add-in cards.

PLL Bandwidth

BW_SEL

0 = PLL Bandwidth: ~200kHz

Float = PLL Bandwidth: ~600kHz (default)
1 = PLL Bandwidth: ~2MHz

Features

* Two LVDS and two 0.7V differential output pairs
Bank A has two LVDS output pairs and
Bank B has two 0.7V differential output pairs

® One differential clock input pair

® CLK, nCLK pair can accept the following differential
input levels: LVPECL, LVDS, LVHSTL, SSTL, HCSL

¢ Output frequency range: 98MHz - 160MHz
¢ Input frequency range: 98MHz - 128MHz
® VCO range: 490MHz - 640MHz

® Cycle-to-cycle jitter: 35ps (maximum)

® Full 3.3V operating supply

® Three bandwidth modes allow the system designer to make jitter
attenuation/tracking skew design trade-offs

® -40°C to 85°C ambient operating temperature
* Available in lead-free packages

Pin Assignment

nQA1 1 24 [ nQB1
QA1 02 2311 QB1
Vboo 3 221 Vopo
QAo 4 21[J QB0
nQAO0 15 20 [ nQBO
MR [}6 191 IREF
BW_SEL 7 18] F_SELB
nc 18 17 [ OEB
Vopa []9 16 [ GND
F_SELA[}10 15[ GND
Voo (11 14 [0 nCLK
OEA 12 130 CLK

24-Lead TSSOP, E-Pad
4.40mm x 7.8mm x 0.925mm
package body
G Package
Top View
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Block Diagram

OEA Pullup

F SELA Pulldown

BW_SEL Float QA0
0 = ~200kHz F_SELA
Float = ~400kHz 0 +5 (default)
1 = ~800kHz 1 =4 | nQAO0
N QA1
CLK Pulldown
Phase VCO AT
nCLK Pullup Detector 490 - 640 MHz
QBO
F_SELB
0 +5 (default) nQBO
1 4
M = =5 (fixed)
QB1
P nQB1
F_SELB _Pulldown
MR _Pulldown
IREF
OEB Pullup
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Table 1. Pin Descriptions

Number Name Type Description
1,2 nQA1, QA1 Output Differential output pair. LVDS interface levels.
3,22 Vbpbo Power Qutput supply pins.
4,5 QAO, nQAO Output Differential output pair. LVDS interface levels.
Active High Master Reset. When logic HIGH, the internal dividers are reset
6 MR et Puldown e 60 HIGH. When logtc LOW, the interal dviders and the utpus
are enabled. LVCMOS/LVTTL interface levels.
7 BW_SEL Input Pzﬁgzs\{n PLL Bandwidth input. LVCMOS/LVTTL interface levels. See Table 3B.
nc Unused No connect.
Vopa Power Analog supply pin.
o RSEA | m | Pl | [ e e O ON
" Vbp Power Core supply pin.
Output enable for QAXx pins. When HIGH, QAX/nQAXx outputs are enabled.
12 OEA Input Pullup When LOW, the QAX/nQAX outputs are in a high impedance state.
LVCMOS/LVTTL interface levels. See Table 3A.
13 CLK Input Pulldown | Non-inverting differential clock input.
14 nCLK Input Pullup Inverting differential clock input.
15, 16 GND Power Power supply ground.
Output enable for QBx pins. When HIGH, QBx/nQBx outputs are enabled.
17 OEB Input Pullup When LOW, the QBx/nQBx outputs are in a high impedance state.
LVCMOS/LVTTL interface levels. See Table 3A.
18 FSELS | imput | Puldown | [ erace lovels. So6 Table 4C.
19 IREF Input A fixed precision resistor (RBEF = _4759) from this pin to ground provides a
reference current used for differential current-mode QB0/nQBO clock outputs.
20, 21 nQBO0, QBO Output Differential output pair. HCSL interface levels.
23,24 QB1, nQB1 Output Differential output pair. HCSL interface levels.

NOTE: Pullup and Pulldown refer to internal input resistors. See Table 2, Pin Characteristics, for typical values.

Table 2. Pin Characteristics

Symbol Parameter Test Conditions Minimum | Typical Maximum Units
Cin Input Capacitance 4 pF
RpuLLup Input Pullup Resistor 51 kQ
RpuLLpown | Input Pulldown Resistor 51 kQ
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Function Tables

Table 3A. Output Enable Function Table Table 3B. PLL Bandwidth Function Table
Inputs Outputs Input
OEA | OEB | QA[0:1)/nQA[0:1] | QB[0:1)/nQB[0:1] BW_SEL PLL Bandwidth
0 0 Hi-Z Hi-Z 0 ~200kHz
1 1 Enabled Enabled Float ~600kHz (default)
1 ~2MHz
Table 3C. Frequency Select Table
Inputs
F_SEL[A, B] Divider
0 +5 (default)
1 +4

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.

Item Rating

Supply Voltage, Vpp 4.6V

Inputs, V, -0.5V to Vpp + 0.5V
Outputs, Vo -0.5V to Vppp + 0.5V
Package Thermal Impedance, 0, 32.1°C/W (0 mps)
Storage Temperature, Tgrg -65°C to 150°C

DC Electrical Characteristics
Table 4A. Power Supply DC Characteristics, Vpp = Vppo = 3.3V = 5%, T, = -40°C to 85°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vbop Positive Supply Voltage 3.135 3.3 3.465 \
Vbpa Analog Supply Voltage Vpp —0.12 3.3 Vpp \
Vbpbo Output Supply Voltage 3.135 3.3 3.465 \Y
Ibp Power Supply Current 45 mA
Ibpa Analog Supply Current 12 mA
Ibbo Output Supply Current 80 mA
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Table 4B. LVCMOS/LVTTL DC Characteristics, Vpp = Vppg = 3.3V + 5%, T, = -40°C to 85°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
OEA, OEB, MR
’ ’ ’ 2 Vpp + 0.3 \Y
ViH Input High Voltage F_SELA, F_SELB bb
BW_SEL Vpp - 0.3 Vpp + 0.3 \
OEA, OEB, MR
. e -0.3 0.8 \'
Vi Input Low Voltage | F-SELA, F_SELB
BW_SEL -0.3 +0.3
Vim Input Mid Voltage | BW_SEL Vpp/2 - 0.1 Vpp/2 + 0.1 \Y
F_SELA, F_SELB
- i ’ VDD = V|N = 3.465V 150 UA
A Input High Current MR, BW_SEL
OEA, OEB Vpp = V| = 3.465V 5 pA
MR, Vpp = 3.465V, V| =0V -5 pA
i Input Low Current | F-SELA, F_SELB, P N
OEA, OEB, BW_SEL Vpp = 3.465V, V| = 0V -150 pA
Table 4C. Differential DC Characteristics, Vpp = Vppo = 3.3V %= 5%, T, =-40°C to 85°C
Symbol Parameter Test Conditions Minimum Typical Maximum Units
CLK Vpp = VN = 3.465V 150 pA
A Input High Current eo” TN
nCLK VDD = V|N = 3.465V 5 IJA
CLK Vpp = 3.465V, 5 uA
Vin =0V
I Input Low Current v 3,465V
= 3.465
DD ; i
nCLK Vi = OV 150 pA
Vpp Peak-to-Peak Voltage; NOTE 1 0.15 1.3 \
Common Mode Input Voltage; B
Vemr NOTE 1, NOTE 2 GND + 0.5 Vpp — 0.85 \Y
NOTE 1: V|_ should not be less than -0.3V.
NOTE 2: Common mode input voltage is defined as V.
Table 4D. LVDS DC Characteristics, Vpp = Vppo = 3.3V = 5%, T, = -40°C to 85°C
Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vob Differential Output Voltage 290 390 490 mV
AVop Vop Magnitude Change 50 mV
Vos Offset Voltage 1.2 1.35 1.5 \%
AVos Vog Magnitude Change 50 mV
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AC Electrical Characteristics
Table 5. 0.7V Differential AC Characteristics, Vpp = Vppo = 3.3V = 5%, T, = -40°C to 85°C

Parameter | Symbol Test Conditions Minimum | Typical Maximum Units
fMAX Output Frequency 98 160 MHz
fiit(cc) Cycle-to-Cycle Jitter; NOTE 1 35 ps
tsk(b) Bank Skew, NOTE 2 30 ps
VuigH Output Voltage High QBx/nQBx 530 870 mV
Viow Output Voltage Low QBx/nQBx -150 mV
Vovs Max. Voltage, Overshoot QBx/nQBx Vuigy+ 0.35 \
Vups Min. Voltage, Undershoot | QBx/nQBx -0.3 Vv
Vip Ringback Voltage QBx/nQBx 0.2 \
VcRross Absolute Crossing Voltage | QBx/nQBx @ 0.7V Swing 250 550 mV

Total Variation of Vcross

AVcRoss over all edges QBx/nQBx @ 0.7V Swing 140 mV
measured between

tr/tr Output Rise/Fall Time QBx/nQBx 0.175V to 0.525V 17 700 Pe

QAXx/nQAX 20% to 80% 250 600 ps

Aty / Atg Rise/Fall Time Variation QBx/nQBx 125 ps

trREM Rise/Fall Matching QBx/nQBx 20 %

odc Output Duty Cycle 48 52 %

NOTE 1: This parameter is defined in accordance with JEDEC Standard 65.
NOTE 2: Defined as skew within a bank of outputs at the same voltage and with equal load conditions.
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Parameter Measurement Information

3.3V+5%
3.3V+5%
10Q
500 Measuregéaim

S

49.9Q 2pF
— Measurement —

49.9Q opF

SCOPE
v Qx
3.3V £5% , 1
POWER SUPPLY| | VYDDO 50Q 2
+ Float GND — VDDA
= Z=50Q o, 500 3=

3.3V HCSL Output Load AC Test Circuit

3.3V LVDS Output Load AC Test Circuit

Vbb — — —
nCLK
A .
—VOD— — — Cross Points — _ = —
CLK y
\%
os
GND @ — — Y- - - - - - - —

nQX1

Qx1

X
1<€— tsk(b)

Where X is either Bank A or Bank B

—»!

Differential Input Level Bank Skew
nQA[0:1], nQA[0:1],
nQBJ[0:1] nQBJ[0:1]
QA[0:1], >< >< QA[0:1], :>
QB[0:1] QB[0:1] « t,, —>
| tecycle n teycle n+1 < tPERIOD N
tiit(cc) = |tcyc|e n — fcycle n+1 |
1000 Cycles t
odc=—""_ x100%
toeRion

Cycle-to-Cycle Jitter

LVDS Output Duty Cycle/Pulse Width/Period
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Parameter Measurement Information, continued

VDD
]
80% 80% T out
V,
: . ob DC Input| LVDS 50Q _
Clock 20% go%l 50Q
Outputs o by
< > tR tF +: > out w
LVDS Output Rise/Fall Time Offset Voltage Setup
Voo . Tsmele
>
Vrg
out | '
H50mV o NNS o N
LVDS 1000 oy N
DC Input < on/A Vop, —-100mV
e
out Q-nQ |
s
TsTaBLE

Differential Output Voltage Setup

Differential Measurement Points for Ringback

<————— Clock Period (Differential) ————————>1

! Positive Duty !
! Cycle (Differential) !

Negative Duty
Cycle (Differential) !

Rise Edge Rate Fall Edge Rate
~~— >

+150mV L
0OV 1IN [
A50mV . _1 | | !

SRCC - SRCT

Differential Measurement Points for Duty Cycle/Period

HCSL Differential Measurement Points for Rise/Fall
Time
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Parameter Measurement Information, continued

i«———— Clock Period (Differential) ————————>!

! Positive Duty } Negative Duty
nQ ! Cycle (Differential) ! Cycle (Differential)

f

AVCROSS

f

Q

Single-ended Measurement Points for Delta Cross Differential Measurement Points for Duty Cycle/Period
Point

nQ nQ tFALL  tRISE

VCROSS_MEDIAN +75mV
VCROSS_MEDIAN VCROSS_MEDIAN

VCROSS_MEDIAN -75mV

Q Q

Differential Measurement Points for Rise/Fall Matching
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Application Information

Power Supply Filtering Technique

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 8741004l
provides separate power supplies to isolate any high switching
noise from the outputs to the internal PLL. Vpp Vppa and Vppo
should be individually connected to the power supply plane
through vias, and 0.01pF bypass capacitors should be used for
each pin. Figure 1 illustrates this for a generic Vpp pin and also
shows that Vppp requires that an additional 10Q resistor along with
a 10uF bypass capacitor be connected to the Vppa pin.

3.3V

10Q

O1yF  =10pF

I

L

Figure 1. Power Supply Filtering

Wiring the Differential Input to Accept Single Ended Levels

Figure 2 shows how the differential input can be wired to accept
single ended levels. The reference voltage V_REF = Vpp/2 is
generated by the bias resistors R1, R2 and C1. This bias circuit
should be located as close as possible to the input pin. The ratio of

Vop
R1
1K
Single Ended Clock Input
CLK
V_REF
nCLK
ct |
0.1u — T~ R2
1K

Figure 2. Single-Ended Signal Driving Differential Input

R1 and R2 might need to be adjusted to position the V_REF in the
center of the input voltage swing. For example, if the input clock
swing is only 2.5V and Vpp = 3.3V, V_REF should be 1.25V and
R2/R1 = 0.609.

© 2019 Renesas Electronics Corporation
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Differential Clock Input Interface

The CLK /nCLK accepts LVDS, LVPECL, LVHSTL, SSTL, HCSL component to confirm the driver termination requirements. For
and other differential signals. Both Vg ng @and Vo must meet the example, in Figure 3A, the input termination applies for IDT
Vpp and Vg input requirements. Figures 3A to 3F show interface HiPerClockS open emitter LVHSTL drivers. If you are using an
examples for the HiPerClockS CLK/nCLK input driven by the most LVHSTL driver from another vendor, use their termination
common driver types. The input interfaces suggested here are recommendation.

examples only. Please consult with the vendor of the driver

3.3v
33V 3.3V T
1.8V T
Zo =50Q
Zo = 50Q CLK
CLK
Zo =50Q
nCLK
nCLK LVPECL Differential
LVHSTL Differential L R OR nput
L Rt Ro Input - 50Q 50Q 1;
= RhsTL oriver s0e > 500 =
R2
— — 50Q
Figure 3A. HiPerClockS CLK/nCLK Input Figure 3B. HiPerClockS CLK/nCLK Input
Driven by an IDT Open Emitter Driven by a 3.3V LVPECL Driver
HiPerClockS LVHSTL Driver
3.3V
3.3V
3.3V R Ra a3 3.3V
1250 »125Q 70 = 500
Zo =50Q
CLK
nCLK
Differential
jLVPECL o . Input Receiver
= 84Q 840 = — L
Figure 3C. HiPerClockS CLK/nCLK Input Figure 3D. HiPerClockS CLK/nCLK Input
Driven by a 3.3V LVPECL Driver Driven by a 3.3V LVDS Driver
3.3V 3.3V 2.5V
3.3V
25v R3 R4
Z0 = 500 120Q 120Q
Zo = 60Q
Zo = 60Q
o nCLK nCLK
Differential SSTL :::ffj'rential
Egn ?gsz Input = 1R21052 ?2209 — ’
—  *Optional - R3 and R4 can be 0Q ? N
Figure 3E. HiPerClockS CLK/nCLK Input Figure 3F. HiPerClockS CLK/nCLK Input
Driven by a 3.3V HCSL Driver Driven by a 2.5V SSTL Driver
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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.

LVDS Driver Termination

A general LVDS interface is shown in Figure 4. In a 100Q
differential transmission line environment, LVDS drivers require a

matched load termination of 100Q across near the receiver input.

Outputs:
Differential 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.

LVDS Outputs

All unused LVDS output pairs can be either left floating or
terminated with 100Q across. If they are left floating, we
recommend that there is no trace attached.

For a multiple LVDS outputs buffer, if only partial outputs are used,
it is recommended to terminate the unused outputs.

50Q

—

R1
100Q

LVDS Driver

50Q

0

10022 Differential Transmission Line

Figure 4. Typical LVDS Driver Termination

© 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 50U impedance.

PCI EXPRESS
ADD-TN CARD

PCI EXPRESS
CLOCKE DRIVER

0.5" Max 0-0.

PCI EXPRESS
a-0.271al 13 CONNECTOR

Figure 5A. Recommended Termination

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

42 QC + 59

Figure 5B. Recommended Termination
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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 6. 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
PIN EXPOSED HEAT SLUG SOLDER ]]]]Il]][[[ SOLDER
: V1 N\ ‘\ 1
< Vi A4 7 v
[ 5 Z z I
PIN PAD GROUND PLANE \ / pd LAND PATTERN PIN PAD
THERMAL VIA (GROUND PAD)

Figure 6. Assembly for Exposed Pad Thermal Release Path - Side View (drawing not to scale)

© 2019 Renesas Electronics Corporation
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Schematic Example

Figure 7 shows an example of 87410041 application schematic. In terminations are shown in this schematic. The input is driven by a
this example, the device is operated at Vpp = Vppo = 3.3V. Two 3.3V LVPECL driver. The decoupling capacitors should be located
examples of LVDS terminations and two examples of HCSL as close as possible to the power pin.
Zo =50 Ohm
QAL
togic-ControtHnput-Examptes: [ I ‘ ‘
R1
oo Set Logic oo Set Logic 100
Input to Input to Z0=50 Ohm *
1 0 QAL
RUL RU2
1K Not Install
[ ]
To Logic To Logic
Input Input [ ]
pins pins [ ]
RD1 RD2
Not Install 1K
L L Alternate
20=50 Ohm LVDS
Termination
QA0
VDD =3.3V
1QAQ —
U
20=50 OhmT
VBpo —— Qa1 IQBL <3 /QQBBf
~ S T 15—
10 c2 c3 Q0 QA0 QBO 1080
100F 0.01u MR 10 /o0
BW SEL F SEB
1 %8| BUSEL e =) s VDD=3.3V
B o Vo003V
T e e
Cc4 1=
0.1u =
I 1CS8741004 R6 33
T4
Zo =50 Ohm R7 33
CLK Z0 = 50
&)
Zo =50 Ohm
nCLK R8 R9
50 50 Recommended for
L L PCl Express Add-In
LVPECL Driver 2010 5011 = = ° Card
®  HCSL Termination
°
R12
(UL:3)vDDO (U1:22) 750 o0 Y_‘Oﬁ> N
C5 C6 - /QBO "~ \
1uf duf Z0 = 50
N R13 R14
50 50
Recommended for PCI
= = Express Point-to-Point
Connection
Figure 7. 87410041 Schematic Example
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Power Considerations

This section provides information on power dissipation and junction temperature for the 8741004I.
Equations and example calculations are also provided.

1. Power Dissipation.

The total power dissipation for the 7410041 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 Vpp = 3.3V + 5% = 3.465V, which gives worst case results.

NOTE: Please refer to Section 3 for details on calculating power dissipated in the load.
*  Power (core)yax = Vpp_max * (Ipp_max + Ippa_max) = 3.465V * (45mA + 12mA) = 197.5mW
»  Power (LVDS_output)yax = Vbpo_max * Ipbo_max = 3.465V * 80mA = 277.2mW
e  Power (HCSL_output)yax = 44.5mW * 2 = 89mW

Total Power_pax = (3.465V, with all outputs switching) = 197.5mW + 277.2mW + 89mW = 563.7mW

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 for HiPerClockS devices is 125°C.

The equation for Tj is as follows: Tj = 65 * 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)

Tp = Ambient Temperature

In order to calculate junction temperature, the appropriate junction-to-ambient thermal resistance 6, must be used. Assuming no air flow
and a multi-layer board, the appropriate value is 32.1°C/W per Table 6 below.

Therefore, Tj for an ambient temperature of 85°C with all outputs switching is:
85°C + 0.564W * 32.1°C/W = 103.1°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 (single layer or multi-layer).

Table 6. Thermal Resistance 0, for 24 Lead TSSOP, E-Pad, Forced Convection
6, Vs. Air Flow

Meters per Second 0 1 25
Multi-Layer PCB, JEDEC Standard Test Boards 32.1°C/W 25.5°C/W 24.0°C/W

3. Calculations and Equations.
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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 8.

Voo

IOUT =17mA

@

Vout

Rrer=
475Q £ 1%

Figure 8. 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 50Q load to ground.

The highest power dissipation occurs when Vpp_max-
Power = (Vpp_max — Vout) * lout since Vout — lout * RL
= (Vpp_max — lout * RL) " lout

= (3.465V — 17mA * 50Q) * 17mA

Total Power Dissipation per output pair = 44.5mW
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Reliability Information

Table 7. 0, vs. Air Flow Table for a 24 Lead TSSOP, E-Pad
6,4 vs. Air Flow

Meters per Second 0 1 25
Multi-Layer PCB, JEDEC Standard Test Boards 32.1°C/W 25.5°C/W 24.0°C/W

Transistor Count
The transistor count for 87410041 is: 1318
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Package Outline and Package Dimension

Package Outline - G Suffix for 24 Lead TSSOP, E-Pad

Table 8. Package Dimensions

All Dimensions in Millimeters
Symbol Minimum | Nominal Maximum
A N 24
“ H 1o 100 DIA. A 1.10
a3k 1 A1 0.05 0.15
NN | A2 0.85 0.90 0.95
A~ 1 £z b 0.19 0.30
) N | b1 0.19 0.22 0.25
El c 0.09 0.20
( Elllsﬁ ci 0.09 0.127 0.16
”””””””” D 7.70 7.90
i E 6.40 Basic
2x N/2 TIPS m E1 4.30 4.40 4.50
J YA e 0.65 Basic
I0P_ VIEW L 0.50 0.60 0.70
P 5.0 55
P1 3.0 3.2
- —b o 0 8
Az R a0 0.076
|
é ,l 1 9 | I? bbb 0.10
éa oo |C éﬁ
IE‘_‘I L_A A \—EEATING
D

A

P

[ RTRIR

N——"—

(

TTTTIITT

[

EXPOSED PAD VIEW

[

f—— bl ——

WITH PLATING \

-

BASE METAL

SECTION “B-B”
SCALE! 120/1
(SEE NOTE 10>
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Ordering Information
Table 9. Ordering Information

Part/Order Number Marking Package Shipping Packaging Temperature

8741004BGILF ICS8741004BIL “Lead-Free” 24 Lead TSSOP, E-Pad Tray -40°C to 85°C

8741004BGILFT ICS8741004BIL “Lead-Free” 24 Lead TSSOP, E-Pad Tape & Reel -40°C to 85°C
© 2019 Renesas Electronics Corporation 20
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Revision History Sheet

Rev Table Page Description of Change Date
T3C 4 Added F_SEL Function Table.

A 16 & 17 | Power Considerations - updated Power Dissipation section to coincide with updates 5/29/08
to the Calculations & Equations section on page 17.

A T9 20 Removed leaded parts from Ordering Information table 11/15/12
Removed ICS from part numbers where needed.

1 General Description - Deleted ICS chip.

A T9 11 Ordering Information - Deleted quantity from tape and reel. Deleted LF note below 1/27/16

table.

Updated header and footer.
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These resources are intended for developers skilled in the art designing with Renesas products. You are solely responsible
for (1) selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only for
development of an application that uses Renesas products. Other reproduction or use of these resources is strictly
prohibited. No license is granted to any other Renesas intellectual property or to any third party intellectual property.
Renesas disclaims responsibility for, and you will fully indemnify Renesas and its representatives against, any claims,
damages, costs, losses, or liabilities arising out of your use of these resources. Renesas' products are provided only subject
to Renesas' Terms and Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources
expands or otherwise alters any applicable warranties or warranty disclaimers for these products.

Corporate Headquarters

TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
Www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas
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trademarks are the property of their respective owners.
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