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HD3SS3212-Q1 2チチャャネネルル、、差差動動2:1/1:2、、USB3.2ママルルチチププレレククササ/デデママルル
チチププレレククササ

1

1 特特長長
1• 車載アプリケーション向けに AEC-Q100 認証済み

– 温度グレード 2：-40℃～+105℃、TA

• USB 3.2 Gen 1 および Gen 2 データ速度で、USB
Type-C™ エコシステム用のマルチプレクサ/デマ
ルチプレクサ・ソリューションを提供

• MIPI DSI/CSI、FPD-Link III、LVDS、PCIe Gen
II、III と互換

• 最高10Gbpsで動作
• 8GHzを超える広い-3dB差動帯域幅
• 優れた動的特性 (5GHz 時)

– クロストーク = -28dB
– オフ絶縁 = –19dB
– 挿入損失 = –2dB
– 反射損失 = –8dB

• 双方向「マルチプレクサ/デマルチプレクサ」差動
スイッチ

• 0V～2V の同相電圧をサポート
• VCC = 3.3V の単一電源
• 車載機器向けの QFN パッケージで供給

(2.5mm x 4.5mm、0.5mm ピッチ)

2 アアププリリケケーーシショョンン
• USB Type-C™ エコシステム
• 車載メディア・インターフェイス
• ヘッド・ユニット
• 後部座席用エンターテインメント
• FPD-Link II および FPD-Link III スイッチング
• MIPI DSI/CSI-2 スイッチング

3 概概要要
HD3SS3212-Q1は、マルチプレクサまたはデマルチプレ

クサ構成の高速、双方向パッシブ・スイッチです。USB
3.2 Gen 1およびGen 2データレートをサポートするUSB
Type-C™アプリケーションに適しています。SEL制御ピン

により、ポートBまたはポートCとポートAとの間の差動チャ

ネルでスイッチングを行います。

製製品品情情報報(1)

型型番番 パパッッケケーージジ 本本体体ササイイズズ（（公公称称））

HD3SS3212-Q1 VQFN (20)
2.50mm×4.50mm×
0.5mmピッチ

(1) 利用可能なすべてのパッケージについては、このデータシートの末
尾にある注文情報を参照してください。

スペース

概概略略回回路路図図

http://www-s.ti.com/sc/techlit/SLASEQ6.pdf
http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.tij.co.jp/product/jp/HD3SS3212-Q1?dcmp=dsproject&hqs=pf
http://www.tij.co.jp/product/jp/HD3SS3212-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.tij.co.jp/product/jp/HD3SS3212-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.tij.co.jp/product/jp/HD3SS3212-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.tij.co.jp/product/jp/HD3SS3212-Q1?dcmp=dsproject&hqs=support&#community
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5 概概要要（（続続きき））
HD3SS3212-Q1は、汎用のアナログ差動パッシブ・スイッチです。0V～2Vの同相電圧範囲と、最大1800mVppの差動振

幅の差動信号を必要とする、あらゆる高速インターフェイス・アプリケーションで動作します。適応型トラッキングにより、同相

電圧範囲の全体にわたってチャネルが変更されないようにしています。

デバイスの動的特性が非常に優れているため、高速スイッチングが可能であり、信号アイ・ダイアグラムへの減衰が最小限

で、ジッタがわずかしか発生しません。動作中の消費電力は1.65mW未満です。OEnピンにはシャットダウン・モードがあ

り、消費電力が0.02µW未満に低下します。

http://www.ti.com/product/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.ti.com
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(1) The high-speed data ports incorporate 20-kΩ pulldown resistors that are switched in when a port is not selected and switched out when
the port is selected.

6 Pin Configuration and Functions

RKS Package
20-Pin VQFN

Top View

Pin Functions
PIN

TYPE (1) DESCRIPTION
NAME NO.

VCC 6 P 3.3-V power

OEn 2 I
Active-low chip enable
L: Normal operation
H: Shutdown

A0p 3 I/O Port A, channel 0, high-speed positive signal
A0n 4 I/O Port A, channel 0, high-speed negative signal
GND 5, 11, 20 G Ground
A1p 7 I/O Port A, channel 1, high-speed positive signal
A1n 8 I/O Port A, channel 1, high-speed negative signal

SEL 9 I
Port select pin.
L: Port A to Port B
H: Port A to Port C

C1n 12 I/O Port C, channel 1, high-speed negative signal (connector side)
C1p 13 I/O Port C, channel 1, high-speed positive signal (connector side)
C0n 14 I/O Port C, channel 0, high-speed negative signal (connector side)
C0p 15 I/O Port C, channel 0, high-speed positive signal (connector side)
B1n 16 I/O Port B, channel 1, high-speed negative signal (connector side)
B1p 17 I/O Port B, channel 1, high-speed positive signal (connector side)
B0n 18 I/O Port B, channel 0, high-speed negative signal (connector side)
B0p 19 I/O Port B, channel 0, high-speed positive signal (connector side)
NC1 1 NA

Can be left not connected or can be fed to VCC or tied to GND.
NC2 10 NA

http://www.ti.com/product/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.ti.com
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(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. Theseare stress ratings
only, which do not imply functional operation of the device at these or anyother conditions beyond those indicated under Recommended
OperatingConditions. Exposure to absolute-maximum-rated conditions for extended periods mayaffect device reliability.

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT

VCC Supply voltage –0.5 4 V

Voltage
Differential I/O –0.5 2.5

V
Control pins –0.5 VCC+ 0.5

Tstg Storage temperature –65 150 °C

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

7.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge

Human-body model (HBM), per AEC Q100-002 (1)

HBM ESD Classification Level 2 ±2000
V

Charged-device model (CDM), per AEC Q100- 011
CDM ESD Classification Level C6 ±500

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT

VCC Supply voltage 2.7 3.6 V

Vih Input high voltage (SEL, OEn pins) 1.7 VCC V

Vil Input low voltage (SEL, OEn pins) –0.1 0.8 V

Vdiff High-speed signal pins differential voltage 0 1.8 Vpp

Vcm High speed signal pins common mode voltage 0 2 V

TA Operating free-air/ambient temperature HD3SS3212-Q1 -40 105 °C

(1) For more information about traditional and new thermalmetrics, see the Semiconductor and IC Package ThermalMetrics application
report.

7.4 Thermal Information

THERMAL METRIC (1)

HD3SS3212-Q1

UNITRKS (VQFN)

20 PINS

RθJA Junction-to-ambient thermal resistance 58.6 °C/W

RθJC(top) Junction-to-case (top) thermal resistance 59.9 °C/W

RθJB Junction-to-board thermal resistance 32.1 °C/W

ψJT Junction-to-top characterization parameter 5.9 °C/W

ψJB Junction-to-board characterization parameter 32 °C/W

RθJC(bot) Junction-to-case (bottom) thermal resistance 16.7 °C/W

http://www.ti.com/product/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.ti.com
http://www.ti.com/lit/pdf/spra953
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(1) There is a 20-kΩ pull-down in non-selected port.

7.5 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

ICC Device active current VCC = 3.3 V, OEn = 0 0.5 0.8 mA

ISTDN Device shutdown current VCC = 3.3 V, OEn = VCC 0.005 1 µA

CON Output ON capacitance to GND 0.6 pF

COFF Output OFF capacitance to GND 0.8 pF

RON Output ON resistance VCC = 3.3 V; VCM = 0 to 2 V;
IO = –8 mA 5 8 Ω

ΔRON
On-resistance match between pairs of the same
channel

VCC = 3.3 V; –0.35 V ≤ VIN ≤ 2.35 V; IO =
–8 mA 0.7 Ω

RFLAT_ON On-resistance flatness RON(MAX) – RON(MIN) VCC = 3.3 V; –0.35 V ≤ VIN ≤ 2.35 V 1 Ω

IIH,CTRL Input high current, control pins (SEL, OEn) 1 µA

IIL,CTRL Input low current, control pins (SEL, OEn) 1 µA

IIH,HS Input high current, high-speed pins [Ax/Bx/Cx][p/n]
VIN = 2 V for selected port, A and B with
SEL = 0, and A and C with
SEL = VCC

1 µA

IIH,HS Input high current, high-speed pins [Ax/Bx/Cx][p/n]
VIN = 2 V for non-selected port, C with
SEL = 0, and B with
SEL = VCC

(1)
100 140 µA

IIL,HS Input low current, high-speed pins [Ax/Bx/Cx][p/n] 1 µA

7.6 High-Speed Performance Parameters
PARAMETER TEST CONDITION MIN TYP MAX UNIT

IL Differential insertion loss

ƒ = 0.3 MHz -0.4

dB

ƒ = 0.625 MHz -0.4

ƒ = 2.5 GHz -1

ƒ = 4 GHz -1.8

ƒ = 5 GHz -2.0

BW –3-dB bandwidth 9 GHz

RL Differential return loss

ƒ = 0.3 MHz -25

dB
ƒ = 2.5 GHz -11

ƒ = 4 GHz -9

ƒ = 5 GHz -8

OIRR Differential OFF isolation

ƒ = 0.3 MHz -75

dB
ƒ = 2.5 GHz -23

ƒ = 4 GHz -21

ƒ = 5 GHz -19

XTALK Differential crosstalk

ƒ = 0.3 MHz -70

dB
ƒ = 2.5 GHz -35

ƒ = 4 GHz -30

ƒ = 5 GHz -28

http://www.ti.com/product/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.ti.com
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7.7 Switching Characteristics
PARAMETER MIN TYP MAX UNIT

tPD Switch propagation delay (see 図 3) ƒ > 1 GHz 80 ps

tSW_ON Switching time SEL-to-Switch ON (see 図 2) 0.5 µs

tSW_OFF Switching time SEL-to-Switch OFF (see 図 2) 0.5 µs

tSW_OEn_ON Switching time OEn-to-Switch ON 2 µs

tSW_OEn_OFF Switching time OEn-to-Switch OFF 0.1 µs

tSK_INTRA_A0B0 Intra-pair output skew for path A0 to B0. (see 図 3) Intra-pair Skew = P -
N 4.5 ps

tSK_INTRA_A0C0 Intra-pair output skew for path A0 to C0. (see 図 3) Intra-pair Skew = P -
N 1.25 ps

tSK_INTRA_A1B1 Intra-pair output skew for path A1 to B1. (see 図 3) Intra-pair Skew = P -
N -0.75 ps

tSK_INTRA_A1C1 Intra-pair output skew for path A1 to C1. (see 図 3) Intra-pair Skew = P -
N -4 ps

tSK_INTER Inter-pair output skew (see 図 3) 20 ps

8 Parameter Measurement Information

図図 1. Test Setup

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.tij.co.jp
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Parameter Measurement Information (continued)

図図 2. Switch On and Off Timing Diagram

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.tij.co.jp
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Parameter Measurement Information (continued)

図図 3. Timing Diagrams and Test Setup

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.tij.co.jp
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9 Detailed Description

9.1 Overview
The HD3SS3212-Q1 is a generic analog differential passive switch that can work for any high-speed interface
applications requiring a common mode voltage range of 0 V to 2 V and differential signaling with differential
amplitude up to 1800 mVpp. It employs adaptive tracking that ensures the channel remains unchanged for the
entire common mode voltage range.

Excellent dynamic characteristics of the device allow high-speed switching with minimum attenuation to the
signal eye diagram with very little added jitter. It consumes less than 1.65 mW of power when operational and
has a shutdown mode exercisable by OEn pin resulting less than 0.02 µW.

9.2 Functional Block Diagram

9.3 Feature Description

9.3.1 Output Enable and Power Savings
The HD3SS3212-Q1 has two power modes, active/normal operating mode and standby/shutdown mode. During
standby mode, the device consumes very-little current to save the maximum power. To enter standby mode, the
OEn control pin is pulled high through a resistor and must remain high. For active/normal operation, the OEn
control pin should be pulled low to GND or dynamically controlled to switch between H or L.

HD3SS3212-Q1 consumes < 1.65 mW of power when operational and has a shutdown mode exercisable by the
EN pin resulting < 0.02 µW.

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.tij.co.jp
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9.4 Device Functional Modes

(1) The HD3SS3212 can tolerate polarity inversions for all differential signals on Ports A, B, and C. Take
care to ensure the same polarity is maintained on Port A versus Ports B/C.

表表 1. Port Select Control Logic (1)

PORT A CHANNEL
PORT B OR PORT C CHANNEL CONNECTED TO PORT A CHANNEL

SEL = L SEL = H
A0p B0p C0p
A0n B0n C0n
A1p B1p C1p
A1n B1n C1n

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.tij.co.jp
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10 Application and Implementation

注注
Information in the following applications sections is not part of the TI component
specification, and TI does not warrant its accuracy or completeness. TI’s customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

10.1 Application Information
The HD3SS3212-Q1 is a generic 2-channel high-speed mux/demux type of switch that can be used for routing
high-speed signals between two different locations on a circuit board. The HD3SS3212-Q1 supports several
high-speed data protocols with a differential amplitude of <1800 mVpp and a common mode voltage of <2.0 V,
as with USB 3.2 and DisplayPort 1.4. The device’s one select input (SEL) pin can easily be controlled by an
available GPIO pin within a system or from a microcontroller.

The HD3SS3212-Q1 with its adaptive common mode tracking technology can support applications where the
common mode is different between the RX and TX pair. The two USB 3.2 Type C connector applications show
both a host and device side. The cable between the two connectors swivels the pairs to properly route the
signals to the correct pin. The other applications are more generic because different connectors can be used.

Many interfaces require AC coupling between the transmitter and receiver. The 0201 capacitors are the preferred
option to provide AC coupling; 0402 size capacitors also work. Avoid the 0603 or larger size capacitors and C-
packs. When placing AC coupling capacitors, symmetric placement is best. The designer should place them
along the TX pairs on the system board, which are usually routed on the top layer of the board.

The AC coupling capacitors have several placement options. Because the switch requires a bias voltage, the
designer must place the capacitors on one side of the switch. If they are placed on both sides of the switch, a
biasing voltage should be provided. 図 4 shows a few placement options. The coupling capacitors are placed
between the switch and endpoint. In this situation, the switch is biased by the system/host controller.

図図 4. AC Coupling Capacitors between Switch TX and Endpoint TX

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.tij.co.jp
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Application Information (continued)
In 図 5, the coupling capacitors are placed on the host transmit pair and endpoint transmit pair. In this situation,
the switch on top is biased by the endpoint and the lower switch is biased by the host controller.

図図 5. AC Coupling Capacitors on Host TX and Endpoint TX

If the common mode voltage in the system is higher than 2 V, the coupling capacitors are placed on both sides of
the switch (shown in 図 6). A biasing voltage of <2 V is required.

VBIAS can be GND
Capacitor and resistor values depend upon application

図図 6. AC Coupling Capacitors on Both Sides of Switch

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
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Application Information (continued)
The HD3SS3212-Q1 can be used with the USB Type C connector to support the connector’s flip ability. 図 7
provides the generic location for the AC coupling capacitors for this application.

図図 7. AC Coupling Capacitors for USB Type C
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10.2 Typical Applications

10.2.1 Down Facing Port for USB3.1 Type C

図図 8. Down Facing Port for USB3.1 Type C Connector

10.2.1.1 Design Requirements
The HD3SS3212-Q1 can be designed into many different applications. All the applications have certain
requirements for the system to work properly. The HD3SS3212-Q1 requires 3.3-V ±10% VCC rail. The OEn pin
must be low for device to work otherwise it disables the outputs. This pin can be driven by a processor. The
expectation is that one side of the device has AC coupling capacitors. 表 2 provides information on expected
values to perform properly.

表表 2. Design Parameters
DESIGN PARAMETER VALUE

VCC 3.3 V
AXp/n, BXp/n, CXp/n CM input voltage 0 V to 2 V
Control/OEn pin max voltage for low 0.8 V
Control/OEn pin min voltage for high 2.0 V
AC coupling capacitor 75 to 265 nF
RBIAS (図 8) when needed 100 kΩ

10.2.1.2 Detailed Design Procedure
The HD3SS3212-Q1 is a high-speed passive switch device that can behave as a mux or demux. Because this is
a passive switch, signal integrity is important because the device provides no signal conditioning capability. The
device can support 2 to 3 inches of board trace and a connector on either end.

To design in the HD3SS3212-Q1, the designer needs to understand the following.
• Determine the loss profile between circuits that are to be muxed or demuxed.
• Provide clean impedance and electrical length matched board traces.
• Depending upon the application, determine the best place to put the AC coupling capacitor.
• Provide a control signal for the SEL and OEn pins.
• The thermal pad must be connected to ground.
• See the application schematics on recommended decouple capacitors from VCC pins to ground

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.tij.co.jp
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10.2.1.3 Application Curves
図 9 and 図 11 shows the eye at the input of the HD3SS3212-Q1. 図 10 and 図 12 shows the eye at the output of
the HD3SS3212-Q1.

図図 9. 5 Gbps Source Eye Diagram 図図 10. 5 Gbps Output Eye Diagram

図図 11. 10 Gbps Source Eye Diagram 図図 12. 10 Gbps Output Eye Diagram

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
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10.3 Systems Examples

10.3.1 Up Facing Port for USB 3.2 Type C

図図 13. Up Facing Port for USB 3.2 USB Type-C Connector

10.3.2 PCIe/SATA/USB

図図 14. PCIE Motherboard
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Systems Examples (continued)
10.3.3 PCIE/eSATA

図図 15. PCIe and eSATA Combo

10.3.4 USB/eSATA

図図 16. eSATA and USB 3.2 Combo Connector

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
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11 Power Supply Recommendations
The HD3SS3212-Q1 does not require a power supply sequence. TI also recommends to place ample decoupling
capacitors at the device VCC near the pin.

12 Layout

12.1 Layout Guidelines
On a high-K board, TI always recommends to solder the PowerPAD™ onto the thermal land. A thermal land is
the area of solder-tinned-copper underneath the PowerPAD package. On a high-K board, the HD3SS3212-Q1
can operate over the full temperature range by soldering the PowerPAD onto the thermal land without vias.

On a low-K board, for the device to operate across the temperature range, the designer must use a 1-oz Cu
trace connecting the GND pins to the thermal land. A general PCB design guide for PowerPAD packages is
provided in PowerPAD Thermally-Enhanced Package, SLMA002.

12.2 Layout Example

図図 17. HD3SS3212-Q1 Basic Layout Example for Application Shown
in Down Facing Port for USB3.1 Type C

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
http://www.tij.co.jp
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13 デデババイイススおおよよびびドドキキュュメメンントトののササポポーートト

13.1 ドドキキュュメメンントトのの更更新新通通知知をを受受けけ取取るる方方法法
ドキュメントの更新についての通知を受け取るには、ti.comで、お使いのデバイスの製品フォルダを開いてください。右上
の「アラートを受け取る」ボタンをクリックして登録すると、変更されたすべての製品情報に関するダイジェストを毎週受け取
れます。変更の詳細については、修正されたドキュメントに含まれている改訂履歴をご覧ください。

13.2 ココミミュュニニテティィ・・リリソソーースス
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

13.3 商商標標
PowerPAD, E2E are trademarks of Texas Instruments.

13.4 静静電電気気放放電電にに関関すするる注注意意事事項項
これらのデバイスは、限定的なESD（静電破壊）保護機能を内 蔵しています。保存時または取り扱い時は、MOSゲートに対す る静電破壊を防
止するために、リード線同士をショートさせて おくか、デバイスを導電フォームに入れる必要があります。

13.5 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

14 メメカカニニカカルル、、パパッッケケーージジ、、おおよよびび注注文文情情報報
以降のページには、メカニカル、パッケージ、および注文に関する情報が記載されています。この情報は、そのデバイスに
ついて利用可能な最新のデータです。このデータは予告なく変更されることがあり、ドキュメントが改訂される場合もありま
す。本データシートのブラウザ版を使用されている場合は、画面左側の説明をご覧ください。

http://www.tij.co.jp/product/jp/hd3ss3212-q1?qgpn=hd3ss3212-q1
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http://www.ti.com/corp/docs/legal/termsofuse.shtml
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http://support.ti.com/
http://www.ti.com/lit/pdf/SLYZ022
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HD3SS3212RKSRQ1 VQFN RKS 20 3000 180.0 12.4 2.8 4.8 1.2 4.0 12.0 Q1

HD3SS3212RKSTQ1 VQFN RKS 20 250 180.0 12.4 2.8 4.8 1.2 4.0 12.0 Q1
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*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

HD3SS3212RKSRQ1 VQFN RKS 20 3000 210.0 185.0 35.0

HD3SS3212RKSTQ1 VQFN RKS 20 250 210.0 185.0 35.0
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