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THS403x 100-MHz Low-Noise High-Speed Amplifiers
1 Features 3 Description

Ultra-Low 1.6 nV/VHz Voltage Noise

High Speed:

— 100-MHz Bandwidth [G = 2 (-1), —3 dB]
— 100-V/us Slew Rate

Very Low Distortion

— THD =-72dBc (f =1 MHz, R_ = 150 Q)
— THD =-90dBc (f = 1 MHz, R_ = 1 kQ)
Low 0.5-mV (Typical) Input Offset Voltage
90-mA Output Current Drive (Typical)
Typical Operation from +5 V to £15 V

Available in Standard SOIC and MSOP-
PowerPAD™ Packages

Evaluation Module Available

Applications

Low-Noise, Wideband Amplifier for Industrial
Applications

Voltage-Controlled Oscillators

Active Filters

Video Amplifiers

Cable Drivers

High-Performance, Low-Noise Driver for 16-bit
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The THS4031 and THS4032 are ultra-low voltage
noise, high-speed voltage feedback amplifiers that
are ideal for applications requiring low voltage noise,
including communications and imaging. The single
amplifier THS4031 and the dual amplifier THS4032
offer very good AC performance with 100-MHz
bandwidth (G = 2), 100-V/us slew rate, and 60-ns
settling time (0.1%). The THS4031 and THS4032 are
unity-gain stable with 275-MHz bandwidth. These
amplifiers have a high drive capability of 90 mA and
draw only 8.5-mA supply current per channel. With
—90 dBc of total harmonic distortion (THD) at f = 1
MHz and a very low noise of 1.6 nV/VHz, the
THS4031 and THS4032 are ideally suited for
applications requiring low distortion and low noise
such as buffering analog-to-digital converters.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
SOIC (8) 4.90 mm x 3.91 mm

THS403x
MSOP-PowerPAD (8) |3.00 mm x 3.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Device Comparison Table

Table 1. Available Options®

PACKAGED DEVICES

NUMBER OF EVALUATION
Ta AN ELE PLASTIC S(Q)AALL PLASTIC MSOP@(DGN)® VIGBIILE
OUTLINE' (D) DEVICE SYMBOL
0°C 10 70°C 1 THS4031CD THS4031CDGN TIACM THS4031EVM
o 0 o
2 THS4032CD THS4032CDGN TIABD THS4032EVM
1 THS4031ID THS4031IDGN TIACN —
—40°C to 85°C
2 THS4032ID THS4032IDGN TIABG —
—55°C to 125°C 1 — — — —

(1) For the most current package and ordering information, see Mechanical, Packaging, and Orderable Information, or see the Tl web site

at www.ti.com.

(2) The D and DGN packages are available taped and reeled. Add an R suffix to the device type (that is, THS4031CDGNR).
(3) The PowerPAD™ on the underside of the DGN package is electrically isolated from all other pins and active circuitry. Connection to the
PCB ground plane is recommended, although not required, as this copper plane is typically the largest copper plane on the PCB.
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6 Pin Configuration and Functions

THS4031 D or DGN Package
8-Pin SOIC or HVSSOP
Top View

[
NULL

IN- T
IN+ T
Vee- [T

1 8 [T NULL
2T_(>_L7 T Vees
3- 6 [ 11 OUT
4 5[T1NC

NC - No internal connection

Pin Functions — THS4031

e PIN G 110 DESCRIPTION
NULL 1,8 | Voltage offset adjust
IN- 2 | Inverting input
IN+ 3 | Noninverting input
Veeo 4 POW Negative power supply
NC 5 — No connection
ouT 6 (0] Output of amplifier
Vees 7 POW positive power supply
7THS4032 D or DGN Package
8-Pin SOIC or HVSSOP
Top View
[]
10UT [T 1 8 13 Vce+
1IN- [T 2% 7 13 20UT
1IN+ 1] 3 ﬁG 1] 2IN-
-Vce 1l 4 5111 2IN+
Cross-Section View Showing
PowerPAD ™ Option (DGN)
Pin Functions — THS4032
PIN
NAME NO. 110 DESCRIPTION
10UT 1 (0] Channel 1 output
1IN- 2 | Channel 1 inverting input
1IN+ 3 | Channel 1 noninverting input
—Vce 4 POW Negative power supply
2IN+ 5 | Channel 2 noninverting input
2IN— 6 | Channel 2 inverting input
20UT 7 (0] Channel 2 output
Vees 8 POW Positive power supply
4 Submit Documentation Feedback Copyright © 1999-2016, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum

Ratings

Over operating free-air temperature range (unless otherwise noted).®

MIN MAX UNIT
Vee Supply voltage, Vce+ 10 Voo 33 Vv
\ Input voltage tVee
lo Output current 150 mA
Vio Differential input voltage +4 \%
™ i
Continuous total power dissipation See General PpwerP_AD Design
Considerations
C-suffix 0 70
Ta Operating free- ' o ey 40 85 °C
air temperature
M-suffix -55 125
T; Maximum junction temperature, (any condition) 150 °C
Maxmyrr(gunctmn temperature, continuous operation, long term 130 oC
reliability
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 300 °C
Tstg 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.

@)

result in reduced reliability and/or lifetime of the device. Does not apply to the JG package or FK package.

7.2 ESD Ratings

The maximum junction temperature for continuous operation is limited by package constraints. Operation above this temperature may

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(Y +1000 v
i arged-device mode , per specification - +
(ESD)  discharge Charged-d del (CDM), per JEDEC specif JESD22-C101® 1000
(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.
7.3 Recommended Operating Conditions
MIN NOM MAX| UNIT
Dual supply +4.5 +15 +16
Vce+ and Ve Supply voltage - \%
Single supply 9 30 32
C-suffix 0 25 70
Ta Operating free-air '\ ¢\ ey —40 25 85| °C
temperature
M-suffix -55 25 125
Copyright © 1999-2016, Texas Instruments Incorporated Submit Documentation Feedback 5
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7.4 Thermal Information — THS4031
THS4031
THERMAL METRIC® D (SOIC) DGN (HVSSOP) UNIT
8 PINS 8 PINS

Rgia Junction-to-ambient thermal resistance 128.9 61.6 °C/IW
Rojctop) Junction-to-case (top) thermal resistance 80.9 53.9 °C/W
Rgis Junction-to-board thermal resistance 69.2 43.2 °C/W
WIT Junction-to-top characterization parameter 23.7 3.8 °C/W
viB Junction-to-board characterization parameter 68.8 42.9 °C/IW
Rosc (ot Junction-to-case (bottom) thermal resistance n/a 145 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

7.5 Thermal Information — THS4032

THS4032
THERMAL METRIC® D (SOIC) DGN (HVSSOP) UNIT
8 PINS 8 PINS
Rgia Junction-to-ambient thermal resistance 121.2 56.5 °C/W
Rojctop) Junction-to-case (top) thermal resistance 72.8 48.4 °C/IW
Rgis Junction-to-board thermal resistance 61.4 37.7 °C/IW
WIT Junction-to-top characterization parameter 18.2 25 °C/W
Vi Junction-to-board characterization parameter 61 37.5 °C/IW
Roscbot) Junction-to-case (bottom) thermal resistance n/a 9.9 °C/IW

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

7.6 Electrical Characteristics — R, =150 Q
At T, = 25°C, Ve = 215V, and R, = 150 Q for the THS403xC, THS403xI (unless otherwise noted).

PARAMETER | TEST CONDITIONS® | MIN TYP  MAX| UNIT
DYNAMIC PERFORMANCE
_si i _ Vee =215V 100
Small-signal bandwidth (-3 cc Gain = —1 or 2 MHz
dB) Vec =45V 90
i - Vee =215V 50
BW ﬁatndwdth for 0.1-dB cc Gain = -1 or 2 MHz
atness Vec =15V 45
\% =20V, Vee =15V 2.3
Full power bandwidth® O(pp) e RL=1kQ MHz
Vop =5V, Vec =35V 7.2
Vee =15V, 20-V ste| 100
SR Slew rate® ce P Gain = -1 Vlus
Vee =15V, 5-V step 80
o Ve =15V, 5-V step ) 60
Settling time to 0.1% Gain=-1 ns
. Vec =25V, 2.5-V step 45
s o Vee = #15 V, 5-V step _ 90
Settling time to 0.01% Gain=-1 ns
Vec =25V, 2.5-V step 80
(1) Full range = 0°C to 70°C for THS403xC and —40°C to 85°C for THS403x! suffix.
(2) Full power bandwidth = slew rate / [v2 Voc(peak)l-
(3) Slew rate is measured from an output level range of 25% to 75%.
6 Submit Documentation Feedback Copyright © 1999-2016, Texas Instruments Incorporated
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Electrical Characteristics — R, = 150 Q (continued)

At T, = 25°C, Ve = £15 V, and R, = 150 Q for the THS403xC, THS403xI (unless otherwise noted).

PARAMETER | TEST CONDITIONS® | MIN TYP MAX UNIT
NOISE/DISTORTION PERFORMANCE
R =150 Q -81
) THS4031 R —1KO 96
THD 'cli'_otal harmomc VEC =+5Vor+15V, Vo(_pp)_z 2V, L= - dBc
istortion f=1MHz Gain =2 R, =150 Q -72
THS4032
RL=1kQ -90
V, Input voltage noise Vec=#5Vor+15V,  f>10kHz 1.6 nV/iHz
I Input current noise Vec=#5Vor+15V,  f>10kHz 1.2 pAHz
) ) ) Voo = #15 V 0.015%
Differential gain error
Gain = 2, NTSC and PAL, |Vcc =45V 0.02%
40 IRE modulation, +100 IREramp | y. =+15V 0.025
Differential phase error °
Vec =45V 0.03
Channel-to-channel crosstalk _ _
(THS4032 only) Vec=25Vor+15V, f=1MHz —-61 dBc
DC PERFORMANCE
Ta =25°C 93 98
VCC =+15 V, RL =1 kQ, Vo =+10V
) Ta = full range 92
Open loop gain dB
Ta =25°C 90 95
VCC =15 V, R|_ =1 kQ, VO =+25V
Ta = full range 89
Ta=25°C 0.5 2
Vos Input offset voltage Vec=+5Vor+l15V mV
Ta = full range 3
. Ta=25°C 3 6
lig Input bias current Vec=15Vorl5V pHA
Ta = full range 8
Ta =25°C 30 250
los Input offset current Vec=35Vorl5V nA
Ta = full range 400
Offset voltage drift Vec =15 Vor+l5V Ta = full range uv/ec
Input offset current drift Vec =15 Vor+l5V Ta = full range 0.2 nA/°C
INPUT CHARACTERISTICS
v Common-mode input voltage | Ycc = +15 V +13.5 14 v
IR range Vee =25V +3.8 +4
Ta=25°C 85 95
VCC =415 V, VlCR =312V T full 80
. iecti = full range
CMRR Co_mmon mode rejection A g dB
ratio Ta = 25°C 90 100
VCC =15 V, VICR =125V
Ta = full range 85
ri Input resistance MQ
Ci Input capacitance 1.5 pF
OUTPUT CHARACTERISTICS
Vee = #15V +13 +13.6
RL =1kQ
. VCC =5V +3.4 +3.8
Vo Output voltage swing \%
Vee = #15V R.=150 Q +12 +12.9
VCC =5V R|_ =250 Q +3 +3.5
4 VCC =15V 60 90
lo Output current® R.=20Q mA
VCC =5V 50 70
lsc Short-circuit current® Ve =+15V 150 mA
Ro Output resistance Open loop 13 Q

(4) Observe power dissipation ratings to keep the junction temperature below the absolute maximum rating when the output is heavily

loaded or shorted. See the Absolute Maximum Ratings in this data sheet for more information.
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Electrical Characteristics — R, = 150 Q (continued)

At T, = 25°C, Ve = £15 V, and R, = 150 Q for the THS403xC, THS403xI (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS® | MIN TYP MAX UNIT
POWER SUPPLY
V. Supply voltage operating Dual supply +4.5 +16.5 v
ce range Single supply 9 33
Ta =25°C 8.5 10
VCC =15V
| Supply current (each Ta = full range 11 mA
cc amplifier) Tp = 25°C 7.5 9
VCC =5V
T = full range 10.5
o ) Ta = 25°C 85 95
PSRR Power-supply rejection ratio |Vcc =15V or 15V dB
T = full range 80
7.7 Electrical Characteristics — R, =1 kQ
At T, = full range, Ve = £15 V, and R = 1 kQ for the THS403xC, THS403xI (unless otherwise noted).
PARAMETER ‘ TEST CONDITIONS® MIN TYP MAX UNIT
DYNAMIC PERFORMANCE
Unity gain bandwidth Vee = 15V, closed loop RL=1kQ 100 120 MHz
-si i Vee =215V 100
Small-signal bandwidth cc Gain = -1 or 2 MHz
(-3 dB) Vec =45V 90
. VCC =15V i 50
BW Bandwidth for 0.1-dB flatness Gain=-1or2 MHz
VCC =15V 45
Vogp) =20V, 23
. 3 Vcc =15V :
Full power bandwidth©) R.=1kQ MHz
Vopp =5V, 7.1
Vec =45V ]
SR Slew rate Vee = #15V RL=1kQ 80 100 Vius
VCC =+15 V,
. . 5-V step . 60
Settling time to 0.1% Gain=-1 ns
Vcc =15 V, 45
¢ 2.5-V step
s Ve =15V,
90
. . 5-V step .
Settling time to 0.01% Gain=-1 ns
Vcc =15 V, 80
2.5-V step
NOISE/DISTORTION PERFORMANCE
Ve =45V or #15 V, R. =150 Q -81
THD  Total harmonic distortion f=1 M_HZ’ Gain =2, dBc
Vo(p) =2V, R =1kQ -96
Ta=25°C
Vec=#5Vor 15V,
Vi, Input voltage noise Ta = 25°C R =150 Q 1.6 nVv/Hz
f>10 kHz
Vec=#5Vor 15V,
In Input current noise Ta = 25°C R =150 Q 1.2 pAHzZ
f>10 kHz
Differential aai Gain = 2, Vee = +15V 0.015%
ifferential gain error ;
g leo I_R;SEnCodulatlon, Vee = #5V 0.02%
A=
NTSC and PAL, Vec =+15V 0.025
Differential phase error +100 IRE ramp, °
R =150 Q Vec =15V 0.03

(1) Full range = 0°C to 70°C for THS403xC and —40°C to 85°C for THS403x! suffix.

(2) This parameter is not tested.

(3) Full power bandwidth = slew rate / [V2 mVoc(peak)]-
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Electrical Characteristics — R, = 1 kQ (continued)

At T, = full range, Ve = £15 V, and R = 1 kQ for the THS403xC, THS403xI (unless otherwise noted).
PARAMETER ‘ TEST CONDITIONS® MIN TYP MAX UNIT
DC PERFORMANCE

Ta=25°C 93 98
VCC =15V, RL =1 kQ, Vo =110V
. T = full range 92
Open loop gain dB
Ta=25°C 92 95
VCC =15V, RL =1 kQ, Vo =125V
T = full range 91
Ta=25°C 0.5 2
Vos Input offset voltage Vec =15 Vor+l5V mV
T = full range 3
. Ta=25°C 3 6
lig Input bias current Vee=35Vor 15V pHA
T = full range 8
Ta=25°C 30 250
los Input offset current Vee=35Vor 15V nA
T = full range 400
Offset voltage drift Vec=+5Vor+l5V T = full range 2 uv/°C
Input offset current drift Vec=+5Vor+l5V T = full range 0.2 nA/°C
INPUT CHARACTERISTICS
V Common-mode input voltage | Vcc = #15V +13.5 +14.3 Vv
IR range Vee =25V +3.8 +4.3
Ta=25°C 85 95
VCC =15V, VICR =112V
o ) T = full range 80
CMRR Common-mode rejection ratio dB
Ta=25°C 90 100
VCC =5V, VICR =125V
T = full range 85
ri Input resistance 2 MQ
Ci Input capacitance 1.5 pF
OUTPUT CHARACTERISTICS
Vec =#15V +13 +13.6
R|_ =1kQ
. Vec =45V +3.4 +3.8
Vo Output voltage swing \%
Vec =#15V R. =150 Q +12 +12.9
Vec =45V R =250 Q +3 +3.5
4 Vec =#15V 60 90
lo Output current® R.L=200Q mA
Vec =45V 50 70
Isc Short-circuit current® Vee = +15V 150 mA
Ro Output resistance Open loop 13 Q
POWER SUPPLY
. Dual supply +4.5 +16.5
Ve Supply voltage operating range - \%
Single supply 9 33
Ta=25°C 8.5 10
VCC =15V
| Supol t (each iier) T = full range 11 A
u current (each amplifier m
e PPy P Tp = 25°C 75 9
VCC =5V
T = full range 10
o . Ta=25°C 85 95
PSRR Power-supply rejection ratio Vec =15 Vor+l5V dB
T = full range 80

(4) Observe power dissipation ratings to keep the junction temperature below the absolute maximum rating when the output is heavily
loaded or shorted. See the Absolute Maximum Ratings in this data sheet for more information.
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7.8 Typical Characteristics

Table 2. Table of Graphs

FIGURE
Input offset voltage distribution Figure 1,

Figure 2
Input offset voltage vs Free-air temperature Figure 3
Input bias current vs Free-air temperature Figure 4
Output voltage swing vs Supply voltage Figure 5
Maximum output voltage swing vs Free-air temperature Figure 6
Maximum output current vs Free-air temperature Figure 7
Supply current vs Free-air temperature Figure 8
Common-mode input voltage vs Supply voltage Figure 9
Closed-loop output impedance vs Frequency Figure 10
Open-loop gain and phase response vs Frequency Figure 11
Power-supply rejection ratio vs Frequency Figure 12
Common-mode rejection ratio vs Frequency Figure 13
Crosstalk vs Frequency Figure 14
Harmonic distortion vs Frequency ';'%Tfri 1156
Harmonic distortion vs Peak-to-peak output voltage Figure 17,

Figure 18
Slew rate vs Free-air temperature Figure 19
0.1% settling time vs Output voltage step size Figure 20
Small signal frequency response with varying feedback resistance Gain=1,Vcc =215V, R =1kQ Figure 21
Frequency response with varying output voltage swing Gain=1,Vcc =215V, R . =1kQ Figure 22
Small signal frequency response with varying feedback resistance Gain =1, Ve =15V, R = 150 kQ Figure 23
Frequency response with varying output voltage swing Gain =1, Ve =215V, R = 150 kQ Figure 24
Small signal frequency response with varying feedback resistance Gain=1,Vec =15V, R =1kQ Figure 25
Frequency response with varying output voltage swing Gain=1,Vec =15V, R =1kQ Figure 26
Small signal frequency response with varying feedback resistance Gain =1, Vec =45V, R = 150 kQ Figure 27
Frequency response with varying output voltage swing Gain =1, Vec =5V, R = 150 kQ Figure 28
Small signal frequency response with varying feedback resistance Gain = 2, Ve =5V, R =150 kQ Figure 29
Small signal frequency response with varying feedback resistance Gain = 2, Vec =5V, R = 150 kQ Figure 30
Small signal frequency response with varying feedback resistance Gain = -1, Vcc = #15 V, R = 150 kQ Figure 31
Frequency response with varying output voltage swing Gain = -1, Vcc =45V, R = 150 kQ Figure 32
Small signal frequency response Gain=5,Vcc =115V, 15V Figure 33
Output amplitude vs Frequency, Gain = 2, Vg =15V Figure 34
Output amplitude vs Frequency, Gain =2, Vg =5V Figure 35
Output amplitude vs Frequency, Gain = -1, Vg = +15V Figure 36
Output amplitude vs Frequency, Gain = -1, Vg =15V Figure 37
Differential phase vs Number of 150-Q loads ';'%Tfri %%
Differential gain vs Number of 150-Q loads ';'%lfjrri ‘:3
1-V step response vs Time ';'%Tfri i‘é
4-V step response vs Time Figure 44
20-V step response vs Time Figure 45
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14 T T L T T 225 T T
250 Samples \ \ 250 Sampl
Ve =215 V Vee =2B V amples
ce 3 Wafer Lots 20 cc ___| 3waferlots |
12 Ta=25°C N Tp =25°C
o ] _ 175 1
T 10 == =
4] [] » 15
8 — k3
S e H—H - =
= 12.5
g g ]
§, 6 = 5 10
£ g 75 ] [ ]
c ] = . =
g g4 8
& — & 5 H 1
2 ] 2.5 :‘7
0 [ 0
-2 -16 -12 -08 -04 0 04 08 12 -2 -16 -12 -08 -04 0 04 08 12
Vo — Input Offset V oltage - mV Vio — Input Offset V oltage - mV
Figure 1. Input Offset Voltage Distribution Figure 2. Input Offset Voltage Distribution
-0.3 3.10
035 3.05 -~
> : C < \\ Vec=+15V
3
I -
% o4 Vec=+5V // ‘;IE N
= (3]
£ |~ / 2 295
N | / o
T -0.45 2
g // g 290
2 / Vec=+15V 2
g o5 A £ 285
£ . -
| ~ ! /
o / 2 280 Vec=%5V
S =
-0.55 ]
275 \ pra
-0.6 2.70

-40 -20 0 20 40 60 80 100

-40 -20 0 20 40 60 80 100
Ta — Free-Air T emperature — °C

Tp — Free-Air Temperature — °C
Figure 3. Input Offset Voltage vs Free-Air Temperature Figure 4. Input Bias Current vs Free-Air Temperature

14 14 L J
Ta=25°C / 135 Vec=£15V
12 L

>
+
b | R, =1kQ
! R_=1KQ g 13 ———
g ] A 3 Vec=+15V —
E 10 7 o 125 R_ =250 Q
X R_=1500 2
S / - 12]- |
g 8 o/ 5 N -~
= L & 45
g . / ° . Vec=+5V
| 7 2 RL=1ka
o E — |
> 4 = 35 Vec=+5V
V s R, =150 Q
g 3
: |
2 2.5
5 7 9 1 13 15 -40 -20 0 20 40 60 80 100
+Vcc — Supply Voltage —+ V Ta — Free-Air T emperature - °C
Figure 5. Output Voltage Swing vs Supply Voltage Figure 6. Maximum Output Voltage Swing vs Free-Air
Temperature
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1o~ Maximum Output Current — mA

110

=
o
o

90

80

70

60

50

RL=20Q ‘ ‘
Vec=+15V
- Source Current  —
L—1 '\\\ ™~
Vee =+ sv—
Vec=+5V Sink Current
| Sink Current
\
\\
- Vec=+5V
Source Current I
-40 -20 0 20 40 60 80 100

Ta — Free-Air Temperature — C

Icc— Supply Current — mA

1

10

Each Amplifier

Vcc:iISV//

\

Ta — Free-Air T emperature —

-20 0 20 40 60

°C

80 100

+ Ve - Supply Voltage - & V

Figure 9. Common-Mode Input Voltage vs Supply Voltage

Figure 10. Closed-Loop Output Impedance vs Frequency

f — Frequency — Hz

Figure 7. Maximum Output Current vs Free-Air Temperature Figure 8. Supply Current vs Free-Air Temperature
15 100
\ [ TTTI T /
Tp =25°C Gain=1

i / o Re=1kQ /\/
> / ‘ P, =+3dBm i
+ 3 10
- : A
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< L 3 /
£ g //
5 7 3 /]
3 7/ ; /]
8] 2 0.1 »: v
> 5 (8} LA

v o) // 1000
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= v
3 0.01 Lol Lol I
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100 y T TTrmm T 45°
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80 0°
™ N Gain

@ 60 \\ N -45°

=l \ AN @
: \ N\ 2
£ N ]
< Phase N =3
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o N \ @
3 @
=4 =
S 20 -135° o
o \

\
0 \\ -180°
N
-20 b -225°
100 1k 10k 100k 1M 10M 100M 1G
f - Frequency — Hz
Figure 11. Open-Loop Gain and Phase Response

PSRR - Power-Supply Rejection Ratio — dB

Figure 12. Power-Supply Rejection Ratio vs Frequency
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= Il
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80 N
\
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120 O T TTTImm 1
Vec=+15V
@ 100 Vec=+5V -10[~ P;=0dBm
] See Figure 3
o I o ‘W
g Vec=+15V N I rad
5 8 TN \ 30 7
= N @ /’
- N B %
© N L 40 7
2 60 = Input = CH 2 /ﬂ’
E [ I -sof oupa=cria
< 1kQ 5
g 4o 1kQ N ° e ///
£ 4:"\
38 vi—> Vo N\ 4
. N -70 Z7 Input = CH 1
x 20 1kQ $1kQ SR N A Output = CH 2
x 150 Q PNz
35 = = v
o 1 90
10 100 1k 10k 100k 1M 10M 100M 100 k iMm oM 100M 500M
f - Frequency - Hz f - Frequency - Hz
Figure 13. Common-Mode Rejection Ratio vs Frequency Figure 14. THS4032 Crosstalk vs Frequency
-40 T —T——TTT T -40 T — T T T TTTT
Vec=+15Vand +5V Vec=+15Vand £5V
Gain=2 Gain =2 /
-50f— Rg=3000Q / -50 Rr =300 Q g
RL=1kQ / R. =150 Q /7
Vopp) =2V / Vopp) =2V THS4031 V] [ A
g THS4031 and THS4032 / ) g | S\ec\on e A
] Third Harmonics / /// ] THS4032 / /
< [T I < 4
o - (=} - i r.
,g 70 THS4031 / // g 70 Second Harmonic 4 ,,
@ Second Harmonic 4% @ l /// s
2 g R \ / 2 g | » /
2 THS4032 A1 2 P 14 /
e Second Harmonic ) PR
£ 13 £ /
s  -90 P /9 s -90 i
T \!/’ v / T v
A s / -
v L~
-100 L L -100 — Y
< / 7| THS4031 and THS4032
J—— -~ N Third Harmonics
-110 N -110 / L
100 k 1M oM 100 k 1M oM
f — Frequency — Hz f — Frequency — Hz
Figure 15. Harmonic Distortion vs Frequency Figure 16. Harmonic Distortion vs Frequency
-50 T T T T -1 I I I
THS4031 and THS4032 Vec=+15V
Third Harmonics —20f— Gain=5
-60 Rg =300 Q
/’ 30— RL=150Q
THS4032 §/ f:‘ 1 MH‘Z ‘ /1
8 Second Harmonic L~ g -4
S -0 v 7 ‘ ‘ ‘ /
| el | |
: g -5 THS4032 /'
= = Second Harmonic
g pd B 5 - A/
I = z ° v '
fa} fa} —
o / v o -70A L
= v THS4031 = _ L~
g2 -9 1 74 Second Harmonic 2 //"—
S / 5 8
T / Ve = +15V T THS4031
l Gain=5 -90 Second Harmonic
100 Re=300Q THS4031 and THS4032
R =1kQ -10 / Third Harmonics
f=1MHz
-10 | | -110 ‘ ‘ | |
0o 2 4 6 8 10 12 14 16 18 20 0o 2 4 6 8 10 12 14 16 18 20
Vo(pp) — Peak-to-Peak Output V oltage - V Vo(pp) — Peak-to-Peak Output V oltage -V
Figure 17. Harmonic Distortion vs Peak-to-Peak Output Figure 18. Harmonic Distortion vs Peak-to-Peak Output
Voltage Voltage
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= ]
g 80 /,
1
[ / Vec =5V
“ 70 Step=4V
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Ta — Free-Air T emperature = °C

Figure 19. Slew Rate vs Free-Air temperature
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Figure 20. 0.1% Settling Time vs Output Voltage Step Size
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Figure 21. Small Signal Frequency Response With Varying
Feedback Resistance
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Figure 22. Frequency Response With Varying Output
Voltage Swing
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Figure 23. Small Signal Frequency Response With Varying
Feedback Resistance
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Figure 24. Frequency Response With Varying Output
Voltage Swing
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Figure 25. Small Signal Frequency Response With Varying
Feedback Resistance
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Figure 26. Frequency Response With Varying Output
Voltage Swing
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Figure 27. Small Signal Frequency Response With Varying
Feedback Resistance
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Figure 28. Frequency Response With Varying Output
Voltage Swing
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Figure 29. Small Signal Frequency Response With Varying
Feedback Resistance
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Figure 30. Small Signal Frequency Response With Varying
Feedback Resistance
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Figure 31. Small Signal Frequency Response With Varying
Feedback Resistance
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Figure 32. Small Signal Frequency Response With Varying
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Figure 33. Small Signal Frequency Response Figure 34. Output Amplitude vs Frequency
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Figure 35. Output Amplitude vs Frequency

Figure 36. Output Amplitude vs Frequency
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Figure 37. Output Amplitude vs Frequency
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Figure 38. Differential Phase vs Number of 150-Q Loads

0.25° I
Gain =2 ‘ /
Re =680 Q Vee = 5\,/
40 IRE-PAL Modulation {‘ y/
0.2° [~ Worst Case 100 IRE Ramp /v’
0.15°

T
// Vee =215V

0.1° /
0.05° A
/

1 2 3 4
Number of 150- Q Loads

Figure 39. Differential Phase vs Number of 150-Q Loads
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Figure 40. Differential Gain vs Number of 150-Q Loads
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Figure 41. Differential Gain vs Number of 150-Q Loads
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Figure 42. 1-V Step Response
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Figure 45. 20-V Step Response

18

Submit Documentation Feedback

Copyright © 1999-2016, Texas Instruments Incorporated
Product Folder Links: THS4031 THS4032


http://www.ti.com/product/ths4031?qgpn=ths4031
http://www.ti.com/product/ths4032?qgpn=ths4032
http://www.ti.com
http://www.ti.com/product/ths4031?qgpn=ths4031
http://www.ti.com/product/ths4032?qgpn=ths4032
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS224H&partnum=THS4031

13 TEXAS
INSTRUMENTS
THS4031, THS4032

www.ti.com SLOS224H —JULY 1999—REVISED JUNE 2016

8 Parameter Measurement Information

330 Q 330 Q 330 Q 330 Q

Figure 47. Step Response Test Circuit Figure 48. Step Response Test Circuit
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9 Detailed Description

9.1 Overview

The THS403x is a high-speed operational amplifier configured in a voltage feedback architecture. It is built using
a 30-V, dielectrically isolated, complementary bipolar process with NPN and PNP transistors possessing frs of
several GHz. This results in an exceptionally high-performance amplifier that has wide bandwidth, high slew rate,
fast settling time, and low distortion. Figure 49 shows a simplified schematic.

* * * (7) Vec+
\\k{ ‘
(6) ouT
=@ A A
.——
IN+ (3)
‘ ‘ ® ® ® ® (4) Vec-
NULL (1) NULL (8) Copyright © 2016, Texas Instruments Incorporated

Figure 49. THS4031 Simplified Schematic

9.2 Functional Block Diagrams

ouT

Figure 50. THS4031 — Single Channel
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Functional Block Diagrams (continued)

1IN- 2%
10UT
3
1IN+
2IN- 8
s 20UT
2IN+ ————

—Vee

Figure 51. THS4032 — Dual Channel

9.3 Feature Description

9.3.1 Noise Calculations and Noise Figure

Noise can cause errors on very small signals. This is especially true when amplifying small signals. The noise
model for the THS403x, shown in Figure 52, includes all of the noise sources as follows:

« e, = Amplifier internal voltage noise (nV/VHz)

« IN+ = Noninverting current noise (pA/NHz)

« IN- = Inverting current noise (pA/VHz)

* ery = Thermal voltage noise associated with each resistor (eg, = 4 kKTR,)

Rs

Noiseless

Figure 52. Noise Model

The total equivalent input noise density (e is calculated by using Equation 1:

e =\(€,)2 = (IN +x Rg)® = (IN-x(Rg | Rg ))2 + 4kTR; + 4kT(R; Il Rg)

where
+ k= Boltzmann's constant = 1.380658 x 10723
e T = Temperature in degrees Kelvin (273+°C)
*  Rg || Rg = Parallel resistance of Rg and Rg (2)

To get the equivalent output noise of the amplifier, just multiply the equivalent input noise density (e,;) by the
overall amplifier gain (Ay) in Equation 2.
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Feature Description (continued)

€no = EniAy =€ [‘I +§—Fj (Noninverting Case)

G (2

As the previous equations show, to keep noise at a minimum, small-value resistors should be used. As the
closed-loop gain is increased (by reducing Rg), the input noise is reduced considerably because of the parallel
resistance term. This leads to the general conclusion that the most dominant noise sources are the source
resistor (Rg) and the internal amplifier noise voltage (e,). Because noise is summed in a root-mean-squares
method, noise sources smaller than 25% of the largest noise source can be effectively ignored. This advantage
can greatly simplify the formula and make noise calculations much easier to calculate.

For more information on noise analysis, see the application note, Noise Analysis for High-Speed Op Amps.

9.3.2 Optimizing Frequency Response

Internal frequency compensation of the THS403x was selected to provide very wide bandwidth performance and
still maintain a very low noise floor. To meet these performance requirements, the THS403x must have a
minimum gain of 2 (-1). Because everything is referred to the noninverting terminal of an operational amplifier,
the noise gain in a G = —1 configuration is the same as a G = 2 configuration.

One of the keys to maintaining a smooth frequency response, and hence, a stable pulse response, is to pay
particular attention to the inverting terminal. Any stray capacitance at this node causes peaking in the frequency
response (see Figure 53 and Figure 54). Two things can be done to help minimize this effect. The first is to
simply remove any ground planes under the inverting terminal of the amplifier, including the trace that connects
to this terminal. Additionally, the length of this trace should be minimized. The capacitance at this node causes a
lag in the voltage being fed back due to the charging and discharging of the stray capacitance. If this lag
becomes too long, the amplifier will not be able to correctly keep the noninverting terminal voltage at the same
potential as the inverting terminal's voltage. Peaking and possible oscillations will then occur if this happens.

1
0

100 k

i Ci-

[t ]
u 300 Q

300 O

50Q 150 Q

T T TTTII0 [ 1

10M
f - Frequency - Hz

\
!

100

500 M

Figure 53. Output Amplitude vs Frequency
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Figure 54. Output Amplitude vs Frequency

The second precaution to help maintain a smooth frequency response is to keep the feedback resistor (Ry) and
the gain resistor (Ry) values fairly low. These two resistors are effectively in parallel when looking at the AC
small-signal response. But, as can be seen in Figure 21 through Figure 32, a value too low starts to reduce the
bandwidth of the amplifier. Table 3 shows some recommended feedback resistors to be used with the THS403x.

22 Submit Documentation Feedback Copyright © 1999-2016, Texas Instruments Incorporated

Product Folder Links: THS4031 THS4032


http://www.ti.com/product/ths4031?qgpn=ths4031
http://www.ti.com/product/ths4032?qgpn=ths4032
http://www.ti.com
http://www.ti.com/product/ths4031?qgpn=ths4031
http://www.ti.com/product/ths4032?qgpn=ths4032
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS224H&partnum=THS4031
http://www.ti.com/lit/pdf/SBOA066

13 TEXAS
INSTRUMENTS
THS4031, THS4032

www.ti.com SLOS224H —JULY 1999—REVISED JUNE 2016

Table 3. Recommended Feedback Resistors

GAIN R¢ for Vcc =+15 V and 5 V
1 50 Q
2 300 Q
-1 360 Q
5 3.3 kQ (low stray-c PCB only)

9.3.3 Driving a Capacitive Load

Driving capacitive loads with high-performance amplifiers is not a problem as long as certain precautions are
taken. The first is to realize that the THS403x has been internally compensated to maximize its bandwidth and
slew-rate performance. When the amplifier is compensated in this manner, capacitive loading directly on the
output will decrease the phase margin of the device leading to high-frequency ringing or oscillations. Therefore,
for capacitive loads of greater than 10 pF, Tl recommends placing a resistor in series with the output of the
amplifier, as shown in Figure 55. A minimum value of 20 Q should work well for most applications. For example,
in 75-Q transmission systems, setting the series resistor value to 75 Q both isolates any capacitance loading and
provides the proper line impedance matching at the source end.

360 Q

360 Q

Input

THS403x Output

CLoaD

Figure 55. Driving a Capacitive Load

9.3.4 Offset Voltage

The output offset voltage (Vo) is the sum of the input offset voltage (Vo) and both input bias currents (I;g) times
the corresponding gains. The following schematic and formula shown in Figure 56 can be used to calculate the
output offset voltage:

Vos

Figure 56. Output Offset Voltage Model

9.3.5 General Configurations

When receiving low-level signals, limiting the bandwidth of the incoming signals into the system is often required.
The simplest way to accomplish this is to place an RC filter at the noninverting terminal of the amplifier (see
Figure 57).
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Figure 57. Single-Pole Low-Pass Filter

If even more attenuation is needed, a multiple-pole filter is required. The Sallen-Key filter can be used for this
task. For best results, the amplifier should have a bandwidth that is 8 to 10 times the filter frequency bandwidth.

Otherwise, phase shift of the amplifier can occur.

R1=R2=R
Cl=C2=C

Q = Peaking Factor
(Butterworth Q = 0.707)

v, %P—Wﬁ | )
R1 R2 - L

Re 1
Ro (><)

Figure 58. Two-Pole Low-Pass Sallen-Key Filter

9.4 Device Functional Modes

9.4.1 Offset Nulling

The THS403x has very low input offset voltage for a high speed amplifier. However, if additional correction is
required, the designer can make use of an offset nulling function provided on the THS4031. By placing a
potentiometer between terminals 1 and 8 of the device and tying the wiper to the negative supply, the input offset

can be adjusted. This is shown in Figure 59.

Vcc+

0.1 uF

1

Vee-

Figure 59. Offset Nulling Schematic
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10 Application and Implementation

NOTE
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.

10.1 Application Information

This application report is intended as a guide for using an analog multiplexer to multiplex several input signals to
a high-performance driver amplifier which subsequently drives a single high-resolution, high-speed SAR analog-
to-digital converter (ADC). The ADC and the multiplexer used were the ADS8411 and the TS5A3159 or
TS5A3359, respectively. The operational amplifier used in this application was the THS4031.

10.2 Typical Application

As shown in Figure 60, the evaluation system consists of the ADC (ADS8411), a driving operational amplifier
(THS4031), the multiplexer (TS5A3159), an AC source, a DC source, and two driving operational amplifiers (two
THS4031s or a single THS4032) for the sources to make them a low-impedance source, a passive band-pass
filter after the AC source to filter the source noise and distortion.

(R}
0

ADGE4 A1
16-Bil 2 MSPS

BandhPass

d 0 3 20
\ s

+ 4705F

Copyright © 2016, Texas Instruments Incorporated

Figure 60. Evaluation Set-Up

10.2.1 Design Requirements
Design a multiplexed digitizer system with the dynamic performance shown in Table 4:

Table 4. Design Specifications

DEV('ACAEPSSP)EED INPUT FREQUENCY (kHz) SNR (dB) THD (dB) CROSSTALK (dB)
2 20 > 84 <-90 <-110
2 100 > 84 <-90 <-96

10.2.2 Detailed Design Procedure

The ADS8411 is a 16-bit, 2-MSPS analog-to-digital converter (ADC) with a 4-V reference. The device includes a
16-bit capacitor-based SAR ADC with inherent sample and hold. It has a unipolar single-ended input. The device
offers a 16-bit parallel interface.
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The TS5A3159 is a single-pole, double-throw (SPDT) analog switch that is designed to operate from 1.65 V to
5.5 V. The device offers a low ON state resistance and an excellent ON resistance matching with the break-
before-make feature to prevent signal distortion during the transfer of a signal from one channel to another. The
device has an excellent total harmonic distortion (THD) performance and consumes low power. The TS5A3359 is
a single-pole, triple-throw (SP3T) version of the same switch

10.2.2.1 Selection of Multiplexer

Figure 61 shows an equivalent circuit diagram of one of the channels of a multiplexer. Cg is the input
capacitance of the channel; Cp is the output capacitance of the channel. Rpy is the resistance of the channel
when the channel is ON. C, and R, are the load capacitance and resistance, respectively. V,y is the input voltage
of the source; Rg is the source resistance of the source. Vg7 is the output voltage of the multiplexer.

MUX

" Rg 41/ Ran Vour
WO~ -’W\zr
[ cb_v|, C, R

T T

Figure 61. Multiplexer Equivalent Circuit

To improve settling time, the values of Rg, Ron, Cs, Cp, and C; need to be smaller, and the value of R, should
be large.

For TS5A3159:

e Rg=1Q

e Cg=Cp=84pF
Considering

b RS =50Q
 C_.=5pF

« R =10kQ

* Tgc (time constant) = 8.65 ns

For a 16-bit system, at least 18-bit settling is required. For 18-bit settling, the time required is (18 x In2) x Tgc =
108 ns, which is better than 2 MSPS (500 ns). If the settling time is more than the conversion time of the ADC,
the output of the multiplexer does not settle to the required accuracy which results in harmonic distortion.

One more important parameter of a multiplexer is the ON-state resistance variation with voltage. This also affects
distortion because Rpy and R, act like a resistor divider circuit and any variation of Rgy with voltage affects the
output voltage.

10.2.2.2 Signal Source

The input signal source should be a low-noise, low-distortion source with low source resistance. As discussed in
the earlier section, RS should be low to improve settling time. If the source is not a low-noise and low-distortion
source, a passive band-pass filter can be added to improve the signal quality as shown in Figure 60.

10.2.2.3 Driving Amplifier

The driving operational amplifier (OPA3 in Figure 60) in this application needs to have good slew rate and
bandwidth along with low noise and distortion. The input of the operational amplifier may see a maximum step of
4V because of MUX switching. So, even if the signal bandwidth is low, the driving amplifier needs to settle from
0OVto4dV (or4Vto 0 V) within one ADC sampling frame. When selecting the operational amplifier, one must
ensure that it can settle from 0 V to 4 V (or from 4 V to 0 V) within the ADC sampling time (in this case 500 ns).
The amplifier used for driving the ADC is the THS4031. The operational amplifiers (OPA1, OPA2 in Figure 60)
used before the MUX is for signal conditioning. These operational amplifiers need to have low noise and
distortion.
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10.2.2.4 Driving Amplifier Bandwidth Restriction

The restriction of bandwidth by an RC filter (after OPA3 in Figure 60) may result in better SNR and THD, but it
makes the operational amplifier difficult to settle within the required accuracy. If the output does not settle
properly, some residual charge of the previous channel remains in the next sampling. It appears as a crosstalk. If
the throughput of the ADC is reduced, allowing the output of the operational amplifier to settle properly, the
problem becomes smaller. Therefore, using a larger capacitor makes the operational-amplifier output settling
slower. So, within the ADC sampling frame, the operational-amplifier output does not settle to its final level. The
diagrams of Figure 62 and Figure 63 show SNR and crosstalk as a function of the filter capacitor.

The input settling behavior is shown in Figure 64 with three different bandwidths. The value of the capacitor is
changed to change the bandwidth. As the bandwidth increases, the settling time improves (see Equation 3).
1

ZTCR»] C1 (3)

Bandwidth =

10.2.3 Application Curves

86 120
B85.8
B5.6 115
85.4 ——d’/.- _/_/-\
_ 852 g 110
% /_ 2=
g / g \
w 4
B4.B / 5 105
B4.6 \
B4.4 100
B4.2
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Value of Capacitor {pF) Capacitor Value {pF)
Figure 62. SNR vs Input Bandwidth Figure 63. Crosstalk vs Input Bandwidth
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Figure 64. Input Settings With Different Values of Capacitors
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11 Power Supply Recommendations

The THS4031 can operate off a single supply or with dual supplies as long as the input CM voltage range
(CMIR) has the required headroom to either supply rail. Operating from a single supply can have numerous
advantages. With the negative supply at ground, the DC errors due to the —PSRR term can be minimized.
Supplies should be decoupled with low inductance, often ceramic, capacitors to ground less than 0.5 inches from
the device pins. Tl recommends using a ground plane. In most high speed devices, it is advisable to remove the
ground plane close to device sensitive pins such as the inputs. An optional supply decoupling capacitor across
the two power supplies (for split supply operation) improves second harmonic distortion performance.

12 Layout

12.1 Layout Guidelines

In order to achieve the levels of high-frequency performance of the THS403x, it is essential that proper printed-
circuit board (PCB) high-frequency design techniques be followed. A general set of guidelines is given below. In
addition, a THS403x evaluation board is available to use as a guide for layout or for evaluating the device
performance.

e Ground planes: TI highly recommends using a ground plane on the board to provide all components with a
low inductive ground connection. However, in the areas of the amplifier inputs and output, the ground plane
can be removed to minimize the stray capacitance.

» Proper power-supply decoupling: Use a 6.8-uF tantalum capacitor in parallel with a 0.1-pF ceramic capacitor
on each supply terminal. It may be possible to share the tantalum among several amplifiers depending on the
application, but a 0.1-uF ceramic capacitor should always be used on the supply terminal of every amplifier.
In addition, the 0.1-pF capacitor should be placed as close as possible to the supply terminal. As this distance
increases, the inductance in the connecting trace makes the capacitor less effective. The designer should
strive for distances of less than 0.1 inch between the device power terminals and the ceramic capacitors.

e Sockets: Tl does not recommend sockets for high-speed operational amplifiers. The additional lead
inductance in the socket pins will often lead to stability problems. Surface-mount packages soldered directly
to the printed-circuit board is the best implementation.

» Short trace runs/compact part placements: Optimum high-frequency performance is achieved when stray
series inductance has been minimized. To realize this, the circuit layout should be made as compact as
possible, thereby minimizing the length of all trace runs. Particular attention should be paid to the inverting
input of the amplifier. Its length should be kept as short as possible. This will help to minimize stray
capacitance at the input of the amplifier.

e Surface-mount passive components: Tl recommends using surface-mount passive components for high-
frequency amplifier circuits for several reasons. First, because of the extremely low lead inductance of
surface-mount components, the problem with stray series inductance is greatly reduced. Second, the small
size of surface-mount components naturally leads to a more compact layout thereby minimizing both stray
inductance and capacitance. If leaded components are used, Tl recommends that the lead lengths be kept as
short as possible.

12.2 Layout Example

An evaluation board is available for the THS4031 and THS4032. This board has been configured for very low
parasitic capacitance in order to realize the full performance of the amplifier. A schematic of the evaluation board
is shown in Figure 65. The circuitry has been designed so that the amplifier may be used in either an inverting or
noninverting configuration. For more information, refer to the THS4031 EVM User's Guide or the THS4032 EVM
User's Guide. To order the evaluation board, contact your local Tl sales office or distributor.
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Layout Example (continued)

R4
3010 \
IN+ +
R3 THS4031 ouT
4990
‘—
R2
3010 ca
0.1 pF I
IN- -
R4 Vee-
4990

Figure 65. THS4031 Evaluation Board

12.3 General PowerPAD™ Design Considerations

The THS403x is available in a thermally-enhanced DGN package, which is a member of the PowerPAD™ family
of packages. This package is constructed using a downset leadframe upon which the die is mounted [see
Figure 66(a) and Figure 66(b)]. This arrangement results in the leadframe being exposed as a thermal pad on
the underside of the package [see Figure 66(c)]. Because this thermal pad has direct thermal contact with the
die, excellent thermal performance can be achieved by providing a good thermal path away from the thermal
pad.

The PowerPAD™ package allows for both assembly and thermal management in one manufacturing operation.
During the surface-mount solder operation (when the leads are being soldered), the thermal pad can also be
soldered to a copper area underneath the package. Through the use of thermal paths within this copper area,
heat can be conducted away from the package into either a ground plane or other heat-dissipating device.

The PowerPAD™ package represents a breakthrough in combining the small area and ease of assembly of
surface mount with the heretofore awkward mechanical methods of heatsinking.
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General PowerPAD™ Design Considerations (continued)

DIE
[T (1]
Side View (a) O | therma | [
(- Pad (11
1] (1]
DIE F\L\,
End View (b) Bottom View (c)

A. The thermal pad is electrically isolated from all terminals in the package.

Figure 66. Views of Thermally-Enhanced DGN Package

Although there are many ways to properly heatsink this device, the following steps illustrate the recommended
approach.

— —

—/ — Thermal pad area (68 mils x 70 mils) with 5 vias
—/ E —/ (Via diameter = 13 mils)

— —

Figure 67. PowerPAD™ PCB Etch and Via Pattern

1. Prepare the PCB with a top-side etch pattern as shown in Figure 67. There should be etch for the leads as
well as etch for the thermal pad.

2. Place five holes in the area of the thermal pad. These holes should be 13 mils (0,3302 mm) in diameter.
They are kept small so that solder wicking through the holes is not a problem during reflow.

3. Additional vias may be placed anywhere along the thermal plane outside of the thermal pad area. This helps
dissipate the heat generated by the THS403xDGN IC. These additional vias may be larger than the 13-mil
diameter vias directly under the thermal pad. They can be larger because they are not in the thermal pad
area to be soldered so that wicking is not a problem.

4. Connect all holes to the internal ground plane.

5. When connecting these holes to the ground plane, do not use the typical web or spoke via connection
methodology. Web connections have a high thermal-resistance connection that is useful for slowing the heat
transfer during soldering operations. This makes the soldering of vias that have plane connections easier. In
this application, however, low thermal resistance is desired for the most efficient heat transfer. Therefore, the
holes under the THS403xDGN package should connect to the internal ground plane with a complete
connection around the entire circumference of the plated-through hole.

6. The top-side solder mask should leave the terminals of the package and the thermal pad area with its five
holes exposed. The bottom-side solder mask should cover the five holes of the thermal pad area, which
prevents solder from being pulled away from the thermal pad area during the reflow process.

7. Apply solder paste to the exposed thermal pad area and to all the IC terminals.

8. With these preparatory steps in place, the THS403xDGN IC is simply placed in position and run through the
solder reflow operation as any standard surface-mount component. This results in a part that is properly
installed.

The actual thermal performance achieved with the THS403xDGN in its PowerPAD package depends on the
application. In the example above, if the size of the internal ground plane is approximately 3 inches x 3 inches
(7,62 cm x 7,62 cm), then the expected thermal coefficient, Ryja, is about 58.4°C/W. For a given Rgja, the
maximum power dissipation is calculated by Equation 4:

Tyax — T,
v
6JA

where
e Pp = Maximum power dissipation of THS403x IC(watts)
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General PowerPAD™ Design Considerations (continued)

e  Tuax = Absolute maximum operating junction temperature (125°C)
e T, = Free-ambient air temperature (°C)
* Roa = Roxc + Roca
— Ry = Thermal coefficient from junction to case
— Ryca = Thermal coefficient from case to ambient air (°C/W) 4)

More complete details of the PowerPAD installation process and thermal management techniques can be found
in the Texas Instruments technical brief PowerPAD™ Thermally-Enhanced Package. This document can be
found at the TI web site (www.ti.com) by searching on the key word PowerPAD. The document can also be
ordered through your local Tl sales office (see PowerPAD™ Thermally-Enhanced Package when ordering)

The next thing to be considered is package constraints. The two sources of heat within an amplifier are quiescent
power and output power. The designer should never forget about the quiescent heat generated within the device,
especially multiamplifier devices. Because these devices have linear output stages (Class A-B), most of the heat
dissipation is at low output voltages with high output currents. When using Vcc = £5 V, heat is generally not a
problem, even with SOIC packages. But, when using V¢ = £15 V, the SOIC package is severely limited in the
amount of heat it can dissipate. The other key factor is how the devices are mounted on the PCB. The
PowerPAD devices are extremely useful for heat dissipation. But, the device should always be soldered to a
copper plane to fully use the heat dissipation properties of the PowerPAD. The SOIC package, on the other
hand, is highly dependent on how it is mounted on the PCB. As more trace and copper area is placed around the
device, Ry;a decreases and the heat dissipation capability increases. For the dual amplifier package (THS4032),
the sum of the RMS output currents and voltages should be used to choose the proper package.
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13 Device and Documentation Support

13.1 Device Support

13.1.1 Development Support

For development support, refer to these related devices:

* THS4051 70-MHz High-Speed Amplifier

* THS4052 70-MHz High-Speed Amplifier

* THS4081 175-MHz Low Power High-Speed Amplifier

* THS4082 175-MHz Low Power High-Speed Amplifier

» ADSB8411 16-Bit, 2 MSPS ADC With P8/P16 Parallel Output, Internal Clock and Internal Reference
» TS5A3159 1-Q SPDT Analog Switch

» TS5A3359 1-Q SP3T Analog Switch 5-V/3.3-V Single-Channel 3:1 Multiplexer/Demultiplexer

» THS4031 Single Low-Noise Pre-Amp EVM Module (SLOP203)

» THS4032 Dual Low-Noise Pre-Amp EVM Module (SLOP135)

13.2 Documentation Support

13.2.1 Related Documentation

For related documentation, see the following:

» Noise Analysis for High-Speed Op Amps (SBOA066)

» PowerPAD™ Thermally-Enhanced Package (SLMA002)
* THS4031 EVM User's Guide (SLOU038)

* THS4032 EVM User's Guide (SLOU039)

13.3 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 5. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
THS4031 Click here Click here Click here Click here Click here
THS4032 Click here Click here Click here Click here Click here

13.4 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

13.5 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2ZE™ 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.
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13.6 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

13.7 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y‘ '\ during storage or handling to prevent electrostatic damage to the MOS gates.

13.8 Glossary

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

14 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 0) (6) ®3) (4/5)
5962-9959501Q2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type -55to 125 5962- Samples
9959501Q2A _ _
THS4031MFKB
5962-9959501QPA ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type -55 to 125 9959501QPA
THS4031M SRS
THS4031CD ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 4031C
Samples
& no Sh/Br)
THS4031CDG4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 4031C ol
& no ShiBr) 23mp-2
THS4031CDGN ACTIVE MSOP- DGN 8 80 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM ACM ol
PowerPAD & no Sh/Br) CU NIPDAUAG 23mp-2
THS4031CDGNG4 ACTIVE MSOP- DGN 8 80 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ACM
PowerPAD & no Sh/Br) - =
THS4031CDGNR ACTIVE MSOP- DGN 8 2500 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM ACM
PowerPAD & no Sb/Br) CU NIPDAUAG = =
THS4031CDR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 4031C Samples
& no Sb/Br) - =
THS4031CDRG4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 4031C Samples
& no Sb/Br) - =
THS4031ID ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 40311
Samples
& no Sh/Br)
THS4031IDG4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 40311 Samples
& no Sb/Br) - =
THS4031IDGN ACTIVE MSOP- DGN 8 80 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM ACN Samnles
PowerPAD & no Sh/Br) CU NIPDAUAG R
THS4031IDGNG4 ACTIVE MSOP- DGN 8 80 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ACN Samples
PowerPAD & no Sh/Br) s
THS4031IDGNR ACTIVE MSOP- DGN 8 2500 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM ACN
PowerPAD & no Sh/Br) CU NIPDAUAG e
THS4031IDGNRG4 ACTIVE MSOP- DGN 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ACN ol
PowerPAD & no Sh/Br) 23mp-2
THS4031IDR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 40311 ol
& no ShiBr) 23mp-2
THS4031MFKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962- Samples
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) ® @/5)
9959501Q2A
THS4031MFKB
THS4031MJG ACTIVE CDIP JG 1 TBD A42 N/ A for Pkg Type -55 to 125 THS4031MJG Samples
THS4031MJGB ACTIVE CDIP JG 1 TBD A42 N/ A for Pkg Type -55 to 125 9959501QPA ol
THS4031M Sl
THS4032CD ACTIVE SOIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 4032C o
Samples
& no Sh/Br)
THS4032CDG4 ACTIVE SOIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 4032C o
Samples
& no Sh/Br)
THS4032CDGN ACTIVE MSOP- DGN 80 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM Oto 70 ABD Samples
PowerPAD & no Sh/Br) CU NIPDAUAG - =
THS4032CDR ACTIVE SOIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 4032C Samples
& no Sb/Br) =
THS4032ID ACTIVE SoIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 40321 o
Samples
& no Sh/Br)
THS4032I1DG4 ACTIVE SolIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 4032I o
Samples
& no Sh/Br)
THS4032IDGN ACTIVE MSOP- DGN 80 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM -40 to 85 ABG Samnles
PowerPAD & no Sb/Br) CU NIPDAUAG L
THS4032IDGNG4 ACTIVE MSOP- DGN 80 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 ABG Samnles
PowerPAD & no Sb/Br) ~2mp e
THS4032IDGNR ACTIVE MSOP- DGN 2500  Green (RoHS CU NIPDAU | Level-1-260C-UNLIM -40 to 85 ABG Samnles
PowerPAD & no Sh/Br) CU NIPDAUAG R
THS4032IDGNRG4 ACTIVE MSOP- DGN 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 ABG Samples
PowerPAD & no Sh/Br) s
THS4032IDR ACTIVE SoIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 40321 Samples
& no Sh/Br) - =

@ 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
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TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® 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.

® |ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish 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.

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.

OTHER QUALIFIED VERSIONS OF THS4031, THS4031M, THS4032 :
o Catalog: THS4031

o Enhanced Product: THS4032-EP

o Military: THS4031M

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Enhanced Product - Supports Defense, Aerospace and Medical Applications
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o Military - QML certified for Military and Defense Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 [ KO [+—P1—»
Y R P T
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
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O orSprocket 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)
THS4031CDGNR MSOP- | DGN 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
Power
PAD
THS4031CDR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
THS4031IDGNR MSOP- | DGN 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
Power
PAD
THS4031IDR SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
THS4032CDR SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
THS4032IDGNR MSOP- DGN 2500 330.0 12.4 5.3 34 1.4 8.0 12.0 Q1
Power
PAD
THS4032IDR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

Pack Materials-Page 1
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
THS4031CDGNR MSOP-PowerPAD DGN 8 2500 364.0 364.0 27.0
THS4031CDR SoIC D 8 2500 367.0 367.0 38.0
THS4031IDGNR MSOP-PowerPAD DGN 8 2500 364.0 364.0 27.0
THS4031IDR SOIC D 8 2500 367.0 367.0 38.0
THS4032CDR SOIC D 8 2500 367.0 367.0 38.0
THS4032IDGNR MSOP-PowerPAD DGN 8 2500 364.0 364.0 27.0
THS4032IDR SOIC D 8 2500 367.0 367.0 38.0

Pack Materials-Page 2



MECHANICAL DATA

MCEROO01A — JANUARY 1995 — REVISED JANUARY 1997

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE

0.400 (10,16)
0.355 (9,00) '

Ao A

) 0.280 (7,11)
0.245 (6,22)

S

1 4
0.065 (1,65)
0.045 (1,14)

0.063 (1,60) 0.020 (0,51) MIN 0.310 (7,87)
0.015 (0,38) » 0.290 (7,37)
0.200 (5,08) MAX
— ¢ Seating Plane

T 0.130 (3,30) MIN

0.023 (0,58) o150
AJLL770015(038) —> \4/ 0°-15
(0100 (2,59) | 0.014 (0,36)

0.008 (0,20)

4040107/C 08/96

A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification.

E. Falls within MIL STD 1835 GDIP1-T8

{’} TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MECHANICAL DATA

FK (S*CQCC*N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
- 8 17 16 15 14 13 12 NO. OF A 5
TERMINALS
/e ™ o MIN MAX MIN MAX
19 11
20 0.342 | 0.358 | 0.307 | 0.358
20 10 (8,69) | (9,09) | (7,80) | (9,09)
o1 9 )8 0.4472 | 0.458 | 0.406 | 0.458
- (11,23) |(11,63) | (10,31) | (11,63)
22 8 an 0.640 | 0.660 | 0.495 | 0.560
A SQ . : (16,26) |(16,76) | (12,58) | (14,22)
59 0.740 | 0.761 | 0.495 | 0.560
24 6 (18,78 (19,32) | (12,58) |(14,22)
0.938 | 0.962 | 0.850 | 0.858
25 5
g 68 1193,83)|(24.43)| (21,6) | (21,8)
84 1141 1.165 1.047 | 1.063
26 27 28 1 2 3 4 (28,99) [(29,59) | (26,6) | (27.0)
’ 0.080 (2,03)
0.064 (1,63)
% 0020 (0,51) &

0.010 (0,25)

0045 (1,14)

0.035 (0,89)

A b

, , 0.045 (1,14)
0.022 (0.54) 4 # L*f 0.035 (0,89)

4040140/D 01/11

A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS-004

wi3 TEXAS
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www.ti.com



MECHANICAL DATA

DGN (S—PDSO—-G8) PowerPAD™ PLASTIC SMALL OQUTLINE

0,38

=YL R
il

- -1
[ [ T~
THERMAL PAD 0,23 / AN

SIZE AND SHAPE SHOWN d g 0,13 /
ON SEPARATE SHEET 2,90 475
l /
! !

L _ ( \ )

l t G‘Guge Plane / "

THHT TN

=}

70
,40

’ / [

-

U_[:]_[:]_[:]_[ji Seating Plane ‘ \ m |

4
10 W 23 Em 1~ -
4073271 /F 05/11
NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAQO2 for information regarding

recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F. Falls within JEDEC MO-187 variation AA-T

PowerPAD is a trademark of Texas Instruments.

wip TEXAs
INSTRUMENTS
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THERMAL PAD MECHANICAL DATA

DGN (S—PDS0-G8) PowerPAD" PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD ™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,

can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature

No. SLMAQQ? and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAOOA4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

8 5
\
y —+ Fxposed Thermal Pad

Top View

Exposed Thermal Pad Dimensions

4206323-2/1 12/11

NOTE: All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments

i3 TEXAS
INSTRUMENTS

www.ti.com
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LAND PATTERN DATA

DGN (R—PDSO-G8) PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout
Via pattern and copper pad size

may vary depending on layout constraints

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

Reference table below for other
solder stencil thicknesses

035——| |<— |<——|~O65

O’ S Thermal Pad is Solder Mask Defined,
increasing cop|ier area under mask

will enhance thermal performance
(See Note D)
1,95 —
/ * - (See Note E) L
1,57 4,2 f

T Y 1,57 4.2
5x#0,2 x |1
—] 1,89 |~

Example
l Non Soldermask Defined Pad

— 7T T~
- Example
M. Solder Mask Opening

/// — WNote F)

Center Power Pad Solder Stencil Opening
/ Stencil Thickness X Y
| 1,60 \ 0.1mm 2.0 17
\ \;\Pad Geometry 0.127mm 1.89 1.57
0,07 / 0.152mm 1.75 1.45
\ ——{|=-All Around 0.178mm 1.65 1.35

4207737-2/F 02/13

NOTES:

F.

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAQQ2, SLMAQQ4, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

PowerPAD is a trademark of Texas Instruments

These documents are available at

Customers should
Example stencil design based on a 50% volumetric

*3

TEXAS
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
0.244 (6,20)
0.228 (5,80)
’ - 157 (4,00)
0.150 (3,80) AN

Pin 1

\

I

Index Area ﬁ bj
4

0.050 ( « 0.020 (0,51)

0.012 (0,31)

[ 0.010 (0,25) @]

[T ]
1]

\ Ve
i \

v
Toowo

L 0.069 (1,75) Max 0,004 (

0.010 (0,

\
25) / ﬁ
0.005 (0,13) )
1 \
?

A

[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.

w3 TExas
INSTRUMENTS
www.ti.com



LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

EXGmpl?NE?:r((j;)LOYOUt Sten(ﬂlogp%rsings
6x1.07 —— ~=—8x0,55
— —=— 0OX]1,
|| ! = 1,27
HH--H 8x1,50 —-H-H-H
EEEREEN 1 * Egug r
5,40 5,40
AR J
gnlinknin (L
BNEpEyEEN O
|~
|
]
|
i Example
i Non Soldermask Defined Pad Example
Pad Geometry
(See Note C)
\ Example
* / Solder Mask Opening
! (See Note E)
—=1l=—0,07 /
Al Around /
\ /
N e
\\_\\ ——/—_/
4211283-2/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. 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.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

i3 TEXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated
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