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5 Pin Configuration and Functions

DGK Package
8-Pin VSSOP
Top View

O

Pin Functions

PIN
I/0 DESCRIPTION

NAME NO.
IN— 1 | Inverting (negative) amplifier input
IN+ 8 | Noninverting (positive) amplifier input
OouT- 5 (0] Inverting (negative) amplifier output
OouUT+ 4 (0] Noninverting (positive) amplifier output

Power down.
o PD = logic low = power off mode.
PD 7 | PD = logic high = normal operation.

The logic threshold is referenced to VS+.

If power down is not needed, leave PD floating.
VOCM | Ouput common-mode voltage control input
VS— | Negative power-supply input
VS+ | Positive power-supply input

Copyright © 2020, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Ve Supply voltage Single supply 40 \
Dual supply +20 \%
IN+, IN—, differential voltage ® +0.5 \Y
IN+, IN-, VOCM, PD, OUT+, OUT- voltage® Vys.— 0.5 Vyss + 0.5 Y
IN+, IN- current -10 10 mA
OUT+, OUT- current -50 50 mA
Output short-circuit® Continuous
Ta Operating temperature -40 150 °C
T, Junction temperature —40 175 °C
Tsig Storage temperature —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Input pins IN+ and IN- are connected with anti-parallel diodes in between the two terminals. Differential input signals that are greater

than 0.5 V or less than —0.5 V must be current-limited to 10 mA or less.

(3) Input terminals are diode-clamped to the supply rails (VS+, VS-). Input signals that swing more than 0.5 V greater or less the supply

rails must be current-limited to 10 mA or less.
(4) Short-circuit to Vg / 2.

6.2 ESD Ratings

VALUE UNIT

o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001® +2000
Veeso) Electrostatic discharge Charged device model (CDM), per JEDEC specification JESD22-C101@ +500 v
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vs Supply voltage Single-supply 3 36 \%
Dual-supply 1.5 +18
Ta Specified temperature -40 125 °C
6.4 Thermal Information
THP210
THERMAL METRIC® DGK (VSSOP) UNIT
8 PINS

Rgia Junction-to-ambient thermal resistance 181.1 °C/IW
Rojctop) Junction-to-case (top) thermal resistance 68.3 °C/IW
Rgis Junction-to-board thermal resistance 102.8 °C/IW
WIT Junction-to-top characterization parameter 10.6 °C/IW
viB Junction-to-board characterization parameter 101.1 °C/IW
Rosc(bot) Junction-to-case (bottom) thermal resistance N/A °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
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6.5 Electrical Characteristics

at Tp = 25°C, Vg = +1.5 V to £18 V, VOCM = 0 V, input common mode voltage (Vicy) =0V, Rg = 2 kQ, and R, = 10 kQ
(unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX | UNIT
OFFSET VOLTAGE
10 +40 pv
Vio Input-referred offset voltage
Tp =-40°C to 125°C +80 puv
Input offset voltage drift Ta =—-40°C to 125°C 0.1 +0.4| pv/°C
L . 0.025 0.25 puviv
PSRR Power-supply rejection ratio
Tp = —40°C to 125°C 05| upviv
INPUT BIAS CURRENT
. 0.2 +2 nA
Ig Input bias current
Tp = —40°C to 125°C +4 nA
Input bias current drift Ta =—-40°C to 125°C +2 +15| pA/°C
| Input offset current +0.2 +1 nA
oS T, = —40°C to 125°C +3| nA
Input offset current drift Ta =—-40°C to 125°C 1 +10| pA/°C
NOISE
f=1kHz 37 nVAHz
en Input differential voltage noise | f =10 Hz 4 nV/NHz
f=0.1t0 10 Hz 0.1 uVpp
f=1kHz 300 fANHZ
€ Input current noise, each input | f =10 Hz 400 fAINHZ
f=0.1t0 10 Hz 134 pApp
INPUT VOLTAGE
Common-mode voltage range | Tp = —40°C to 125°C Vys—+1 Vys+ —1 \%
Vvs_ +1Vs VICM < VVS+ -1V 140
CMRR Common-mode rejection ratio Vvs-+1V<Viem=<Vvs: —1V, Vs =218V 126 140 dB
Vvs, +1V< VlCM < VVS+ -1V, VS =+18V, TA 120
=-40°Cto +125°C
INPUT IMPEDANCE
Input impedance differential
il Viem=0V 11 GQ || pF
OPEN-LOOP GAIN
Vg =+25V, Vyg_ + 0.2V < Vg < Vygy — 0.2V 115 120 dB
VS =125V, Vvs, +0.3V< VO < VVS+ -0.3V,
_ Tx = —40°C to +125°C 115 120 dB
AoL Open-loop voltage gain
Vg =#15V, Vyg + 0.6 V< Vo< Vygs — 0.6 V 115 120 dB
VS =*15 V, Vvs_ +0.6V< Vo < VVS+ - 0.6 V,
Ta = —40°C to +125°C 110 120 dB
FREQUENCY RESPONSE
SSBW Small-signal bandwidth Vo =100 mVpp, G = -1 VIV 7 MHz
GBP Gain-bandwidth product Vo =100 mVpp, G =-10 VIV 9.2 MHz
FBP Full-power bandwidth Vo =-1Vpp, G=-1VIV 2.4 MHz
SR Slew rate G =-1, 10-V step 15 V/us
To 0.1% of final value, G = -1 V/V, Vg = 10-V
1 us
N step
Settling time -
To 0.01% of final value, G = -1 V/V, Vo= 10-V 5
ps
step
Copyright © 2020, Texas Instruments Incorporated 5
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Electrical Characteristics (continued)

at T, = 25°C, Vg = 1.5V to £18 V, VOCM = 0 V, input common mode voltage (V\cy) =0V, Re = 2 kQ, and R, = 10 kQ
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
"I\'l(;tizgharmomc distortion and Differential input, f = 10 kHz, Vg = 10 Vpp -120 dB
THD+N Total h o di - r
poa rarmonic distortion and. | single-ended input, f = 10 kHz, Vo = 10 Vpp -115 dB
HD2 Second-order harmonic Differential input, f = 10 kHz, Vo = 10 Vpp -120 dB
distortion Single-ended input, f = 10 kHz, Vo = 10 Vpp -120 dB
. L . Differential input, f = 10 kHz, Vg = 10 Vpp -120 dB
HD3 Third-order harmonic distortion [— -
Single-ended input, f = 10 kHz, Vg = 10 Vpp -120 dB
Overdrive recovery time G =5 VIV, 2x output overdrive, dc-coupled 3.3 us
Zo Open-loop output impedance f = 100 kHz (differential) 14 Q
- . Differential capacitive load, no output isolation
CLoaD Capacitive load drive resistors, phase margin = 30° 50 pF
OUTPUT
Vg =125V 100 mV
Ve v Outbut volt | high Vg =25V, Tp = -40°C to 125°C 100 mV
utput voltage range low, hi
oL, ToH P gerang M Vg=x18V 230 mv
Vg =18V, Tp = -40°C to 125°C 270 mV
Isc Short-circuit current +31 mA
OUTPUT COMMON-MODE VOLTAGE
Small-signal bandwidth from _
VOCM pm VVOCM =100 mVpp 2 MHz
Large-signal bandwidth from _
VOCM pm Vvocm = 0.6 Vpp 5.7 MHz
V = 0.5-V step, risin 35 Vius
Slew rate from VOCM pin vocum P - g a
Vvocm = 0.5-V step, falling 5.5 V/us
DC output balance Vvocwm fixed midsupply (Vo =21 V) 78 dB
Output balance SSBW g(\:/)ocm fixed midsupply, Vo / VOCM (-3 dB from TBD KHz
Vvocwm fixed midsupply, Vo / VOCM with
Output balance LSBW Vo = 5 Vpp (-3 dB from dc) TBD kHz
Vg =425V Vys +1 Vys+ — 1
VOCM Input Voltage Range S Vs Vst
VS =+18V Vvs_ +2 VVS+ -2
VOCM input impedance 25|11 MQ || pF
VOCM offset from mid-supply | Vyocwm pin floating, Vo = Vicm =0 V +1 mV
VOCM common-mode offset | Yvocm = Viem, Vo =0V 1 6 mv
VOItage VVOCM = VICMv Vo =0V, TA =-40°C to +125°C +10 mVv
VOCM common-mode offset o o o
Voltage drift Vvoem = Viems Vo = 0V, Tp =-40°C to +125°C +20 +60 IJV/ C
POWER SUPPLY
. . 0.95 11 mA
lo Quiescent operating current
Ta =—40°C to +125°C 15 mA

Copyright © 2020, Texas Instruments Incorporated
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Electrical Characteristics (continued)

at T, = 25°C, Vg = 1.5V to £18 V, VOCM = 0 V, input common mode voltage (V\cy) =0V, Re = 2 kQ, and R, = 10 kQ

(unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
POWER DOWN
Vo)) Power-down enable voltage Tp = —40°C to +125°C VVSE') g \Y;
Vepow) | Power-down disable voltage Tp = —40°C to +125°C VVSé' 6 \Y
PD bias current Vpp = Vyse =2V 1 2 PA
Powerdown quiescent current 10 20 A
Turn-on time delay Time to Vg = 90% of final value 10 us
Turn-off time delay Time to Vo = 10% of original value 15 us
RN © 2020, Texas Instruments Incorporated 7
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6.6 Typical Characteristics

at T, = 25°C, Vyoem = 0V, Re = 2 kQ, R, = 10 kQ, Voyur = 2 Vep G = 1 VIV, and VPD = VS+ (unless otherwise noted)

40 40
35 35
30 30
& 25 R 25
14 @
2 20 2 20
g g
g 15 g 15
10 10
5 5
0 0
50 -40 -30 20 -10 0 10 20 30 40 50 50 -40 -30 20 -10 0 10 20 30 40 50
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Vg=#15V Vg = #18V
1. Input Offset Voltage Histogram 2. Input Offset Voltage Histogram
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5. Input-Referred Voltage Noise vs Frequency

Frequency (Hz)

6. Current Noise vs Frequency
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Typical Characteristics (T X)

at Tp = 25°C, Vyoewm = 0V, Re = 2 kQ, R, = 10 kQ, Vour = 2 Vpp G = 1 VIV, and VPD = VS+ (unless otherwise noted)

Time (us)

9. Large-Signal Step Response

10. Small-Signal Step Response
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7 Detailed Description

7.1 Overview

The THP210 is a low-noise, low-distortion fully-differential amplifier (FDA) that features Texas Instrument's super-
beta bipolar input devices. Super-beta input devices feature very low input bias current as compared to standard
bipolar technology. The low input bias current and current noise makes the THP210 an excellent choice for high
performance applications that require low-noise differential signal processing without significant current
consumption. This device is also designed for analog-to-digital input circuits that require low offset and low noise
in a single fully-differential amplifier. The THP210 features high-voltage capability, which allows the device to be
used in £15-V supply circuits without any additional voltage clamping or regulators. This feature enables a direct,
single solution for a 24-dBm differential output drive without any additional amplification.

7.2 Functional Block Diagram

VS+
o
» O OUT+
IN- O——+— -
Low Noise +
— Differential I/O
Amplifier  —
IN+ © +
O OUT-
o
Vs- VS+
@]
5MQ
— AAA—
Vou
THA Error
Amplifier
+ —O VOCM
PD O o
5MQ
O
VS-

10 MRAX © 2020, Texas Instruments Incorporated
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7.3 Feature Description

7.3.1 Super-Beta Input Bipolar Transistors

The THP210 is designed on a modern bipolar process that features Tl's super-beta input transistors. Traditional
bipolar transistors feature excellent voltage noise and offset drift, but suffer a tradeoff in high input bias current
(Iz) and input bias current noise. Super-beta transistors offer the benefits of low voltage noise and offset drift with
an order of magnitude reduction in input bias current and reduction in input bias current noise. For many filter
circuits, input bias current noise can dominate in circuits where higher resistance input resistors are used. The
THP210 enables a fully-differential, low-noise amplifier design without restrictions of low input resistance at a
power level unmatched by traditional single-ended amplifiers.

7.3.2 Power Down

The THP210 features a power-down circuit to disable the amplifier when a low-power mode is required by the
system. In the power-down state, the amplifier outputs are high-impedance, and the amplifier total quiescent
current is reduced to less than 20 pA.

7.3.3 Flexible Gain Setting

The THP210 offers considerable flexibility in the configuration and selection of resistor values. Low input bias
current and bias current noise allows for larger gain resistor values with minimal impact to noise or offset. The
design starts with the selection of the feedback resistor value. The 2-kQ feedback resistor value used for the
characterization curves is a good compromise between power, noise, and phase margin considerations. With the
feedback resistor values selected (and set equal on each side), the input resistors are set to obtain the desired
gain, with input impedance also set with these input resistors. Differential 1/0 designs provide an input
impedance that is the sum of the two input resistors. Single-ended input to differential output designs present a
more complicated input impedance. Most characteristic curves implement the single-ended to differential design
as the more challenging requirement over differential-to-differential 1/0.

7.3.4 Amplifier Overload Power Limit

In many bipolar-based amplifiers, the output stage of the amplifier can draw significant (several milliamperes) of
quiescent current if the output voltage becomes clipped (meaning the output voltage becomes limited by the
negative or positive supply voltage). This condition can cause the system to enter a high-power consumption
state, and potentially cause oscillations between the power supply and signal chain. The THP210 has an
advanced output stage design that eliminates this problem. When the output voltage reaches the Vyg, or Vyg_
voltage, there is virtually no additional current consumption from the nominal quiescent current. This feature
helps eliminate any potential system problems when the signal chain is disrupted by a large external transient
voltage.

7.4 Device Functional Modes

The THP210 requires external resistors for correct signal-path operation. When setting the gain with these
external resistors, the amplifier can be either on with the PD pin left floating, asserted to a voltage greater than
Vys: — 0.5V, or turned off by forcing PD to a voltage lower than Vyg, — 2 V. Disabling the amplifier shuts off the
quiescent current and stops correct amplifier operation. The signal path is still present for the source signal
through the external resistors, which provides poor signal isolation from the input to output in power-down mode.

Internal protection diodes remain present across the input pins in both operating and shutdown mode. Large
input signals during disable can turn on the input differential protection diodes, thus producing a load current in
the supply, even in shutdown.

The VOCM control pin sets the output average voltage. Left open, VOCM defaults to an internal midsupply value.
Driving this high-impedance input with a voltage reference within the valid range sets a target for the internal V¢y
error amplifier. If floated to obtain a default midsupply reference for VOCM, an external decoupling capacitor
must be added on the VOCM pin to reduce the otherwise high output noise for the internal high-impedance bias.

AR © 2020, Texas Instruments Incorporated 11
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8 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl 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.

8.1 Application Information

Most applications for the THP210 strive to deliver the best dynamic range in a design that delivers the desired
signal processing along with adequate phase margin for the amplifier itself. The following sections detail some of
the design issues with analysis and guidelines for improved performance.

8.1.1 Driving Capacitive Loads

The capacitive load of an ADC or some other next-stage device is commonly required to be driven. Directly
connecting a capacitive load to the output pins of a closed-loop amplifier such as the THP210 can lead to an
unstable response. One typical remedy to this instability is to add two small series resistors (Rp) at the outputs of
the THP210 before the capacitive load. Good practice is to leave a place for the Ry elements in a board layout (a
0-Q value initially) for later adjustment, in case the response appears unacceptable.

8.1.2 Operating the Power-Down Feature

The power-down feature on the THP210 allows the device to be put into a low power-consumption state, in
which quiescent current is minimized. To force the device into the low-power state, drive the PD pin to less than
2 V less than the positive supply voltage (Vys: — 2 V). Driving the PD pin to less than 2 V forces the internal logic
to disable both the differential and common-mode amplifiers. The PD pin has an internal pullup current that
allows for the pin to be used in an open-drain MOSFET configuration without an additional pullup resistor, as
seen in B 12. In this configuration, the logic level can be referenced to the MOSFET, and the voltage at the PD
pin is level-shifted to account for use with high supply voltages. Be sure to select an N-type MOSFET with a
maximum Bypss greater than the total supply voltage.

VS+
1A
B0 To
Enabled {1 PD . amplifier
MOSFET | [ core
THRESHOLD [~ powerdown J
THP210
GND

12. Power-Down (PD) Pin Interface With Low-Voltage Logic Level Signals

For applications that do not use the power-down feature, tie the PD pin to the positive supply voltage.
When PD is low (device is in power down) the output pins will be in a high-impedance state.

12 MRAX © 2020, Texas Instruments Incorporated
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Application Information (#T R)
8.1.3 Noise Performance

The first step in the output noise analysis is to reduce the application circuit to the simplest form with equal
feedback and gain setting elements to ground. 13 shows the simplest analysis circuit with the FDA and
resistor noise terms to be considered.

enF{g

13. FDA Noise Analysis Circuit

The noise powers are shown in 13 for each term. When the Rg and Rg (or R)) terms are matched on each
side, the total differential output noise is the root sum squared (RSS) of these separate terms.

Using NG = 1 + Re / Rg, the total output noise is given by A= 1.
Each resistor noise term is a 4kT x R power (4kT = 1.6E-20 J at 290 K).

66 = (€aNG)? + 2(ixRe ) + 2(4kTRNG)

@

The first term is simply the differential input spot noise times the noise gain, the second term is the input current
noise terms times the feedback resistor (and because there are two uncorrelated current noise terms, the power
is two times one of them), and the last term is the output noise resulting from both the Rg and Rg resistors, at
again twice the value for the output noise power of each side added together. Running a wide sweep of gains
when holding Rg to 2 kQ gives the standard values and resulting noise listed in & 1.

When the gain increases, the input-referred noise approaches only the gain of the FDA input voltage noise term
at 3.7 nV/NHz.

#z 1. Swept Gain of the Output- and Input-Referred Spot Noise Calculations

GAIN (VIV) Re Rc1 Ay Eo (NVAHZ) E; (nV/VHz)
0.1 2000 20000 0.1 9.4 93.9
1 2000 2000 1 13.6 13.6
2 2000 1000 2 17.8 8.9
5 2000 402 4.98 29.5 5.9
10 2000 200 10 48.6 4.9

RN © 2020, Texas Instruments Incorporated
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8.2 Typical Applications

8.2.1 An MFB Filter Driving an ADC Application

A common application use case for fully-differential amplifiers is to easily convert a single-ended signal into a
differential signal to drive a differential input source, such as an ADC or class D amplifier. 14 shows an
example of THP210 used to convert a single-ended low voltage signal source, such as a small electret
microphone, and deliver a low-noise differential signal that is common-mode shifted to the center of the ADC
input range. A multiple-feedback (MFB) configuration is used to provide a Butterworth filter response, giving a
40-dB/decade rolloff with a —3-dB frequency of 30 kHz.

R+
3.65 kQ
C —
Ri Rat 1 nF -
7320 604 O [ Ros I
i 200 | 100 47 pF
+5 9 q
Vin
= 6.2nF —— Vocw
Riz Raz
= 732Q 604 Q Re2
3.65 kQ

¥ 14. Example 30-kHz Butterworth Filter

8.2.1.1 Design Requirements

The requirements for this application are:

» Single-ended to differential conversion

e 5-V/V gain

» Active filter set to a Butterworth, 30-kHz response shape

* Output RC elements set by SAR input requirements (not part of the filter design)

» Filter element resistors and capacitors are set to limit added noise over the THP210 and noise peaking

8.2.1.2 Detailed Design Procedure

The design proceeds using the techniques and tools suggested in the Design Methodology for MFB Filters in
ADC Interface Applications application note. The process includes:

» Scale the resistor values to not meaningfully contribute to the output noise produced by the THP210.

» Select the RC ratios to hit the filter targets when reducing the noise gain peaking within the filter design.

» Set the output resistor to 10 Q into a 1-nF differential capacitor.

* Add 47-pF common-mode capacitors to the load capacitor to improve common noise filtering.

» Inside the loop, add 20-Q output resistors after the filter feedback capacitor to increase the isolation to the
load capacitor.

14 MRAX © 2020, Texas Instruments Incorporated
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Typical Applications (T R)
8.2.1.3 Application Curve

The gain and phase plots are shown in B 15. The MFB filter features a Butterworth responses feature very flat
passband gain, with a 2-pole rolloff at 30 kHz to eliminate any higher-frequency noise from contaminating the
signal chain and potentially alias back into the desired band.

20 120
16 90
12 60
8 30
@ 4 0 >
c 0 30 &
© <
S 4 60 o
8 -90
12 -120
-16| — Cain -150
—— Phase
-20 -180
100 1k 10k 100k

Frequency (Hz)
15. Gain and Phase Plot for a 30-kHz Butterworth Filter
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9 Power Supply Recommendations

The THP210 operates from supply voltages of 3.0 V to 36 V (1.5 V to £18 V, dual supply). Connect ceramic
bypass capacitors from both VS+ and VS-to GND.

10 Layout

10.1 Layout Guidelines

10.1.1 Board Layout Recommendations

» Keep differential signals routed together to minimize parasitic impedance mismatch.

e Connect a 0.1-yF capacitor to the supply nodes through a via.

e Connect a 0.1-yF capacitor to the VOCM pin if no external voltage is used.

« Keep any high-frequency nodes that can couple through parasitic paths away from the VOCM node.

e Clean the PCB board after assembly to minimize any leakage paths from excess flux into the VOCM node.

10.2 Layout Example

Connect IN+/IN- through

input resistors on the top

Vin layer. Maintain symmetry
Rin R betV\{een traqe; gnd
routing to minimize

common mode coupling.

Route the VOCM pln

o g 2 v Re N R, Connect the powerdown
. h o _ pin through a via. If
capacitor to Vocw if no T VOCM PD powerdown is not

external voltage is used (5
CM
to set the output common I I

mode voltage.
CBYPASSI

needed, leave floating.

1
I Caypass

Connect bypass
j capacitors through a via.
Vour §

¥ 16. Example Layout

OuUT+ OUT-

16 JiRF © 2020, Texas Instruments Incorporated
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11.4 SZHFBR

Tl E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect TI's views; see TI's Terms of Use.

11.5 TEte
E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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11.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
THP210DGKR ACTIVE VSSOP DGK 8 2500 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 1237
THP210DGKT ACTIVE VSSOP DGK 8 250 RoOHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 1237 m
THP210DR ACTIVE SOIC D 8 2500 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 THP210

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
THP210DGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
THP210DGKT VSSOP | DGK 8 250 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
THP210DR SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
THP210DGKR VSSOP DGK 8 2500 366.0 364.0 50.0
THP210DGKT VSSOP DGK 8 250 366.0 364.0 50.0
THP210DR SOIC D 8 2500 853.0 449.0 35.0
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o.10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—-187 variation AA, except interlead flash.
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LAND PATTERN DATA

DGK (S—PDSO-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I 7 PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
N ERE
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:
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