THS4001
270-MHz HIGH-SPEED AMPLIFIER

SLOS206A—- DECEMBER 1997 — REVISED MARCH 1999

® \ery High Speed D PACKAGE
— 270 MHz Bandwidth (Gain = 1, -3 dB) (TOP VIEW)
— 400 V/psec Slew Rate @)
_ 40-ns Settling Time (0.1%) N‘IJ’tL L %SULE
. ) _ - cc
® High Outpu't Drive, |o =100 mA IN+ 3__r[>1 6 [] oUT
® Excellent Video Performance Vee- [ 4 5[] NC
— 60 MHz Bandwidth (0.1 dB, G =1)
— 0.04% Differential Gain NC — No internal connection
— 0.15° Differential Phase
® \ery Low Distortion
— THD=-72dBcatf= 1 MHz CLOSED-LOOP GAIN
® \Wide Range of Power Supplies VS
Vee=+25Vtox15YV, FREQUENCY
lcc =7.5mA 8 [TTTIT T TTTT
® Evaluation Module Available 6 \éc.cfﬂSV
ain=1
description 4
m
The THS4001 is a very high-performance, 7 2 /
voltage-feedback operational amplifier especially = 0 ~
suited for a wide range of video applications. The 91 D)
device is specified to operate over a wide range of S 3.9 pF
supply voltages from = 15 V to + 2.5 V. With a s =T
bandwidth of 270 MHz, a slew rate of over § 6 H 2000
400 V/us, and settling times of less than 30 ns, the )
THS4001 offers the unique combination of high BT
performance in an easy to use voltage feedback -10 |+
configuration over a wide range of power supply ol 0@
voltages. TR REn
The THS4001 is stable at all gains for both 1%00k 1M 10M 100M 1G 3G
inverting and noninverting configurations. It has a f — Frequency — Hz
high output drive capability of 100 mA and draws
only 7.5 mA of quiescent current. Excellent professional video results can be obtained with the differential
gain/phase performance of 0.04%/0.15° and 0.1 dB gain flatness to 60 MHz. For applications requiring low
distortion, the THS4001 is ideally suited with total harmonic distortion of =72 dBc at f = 1 MHz.
HIGH-SPEED AMPLIFIER FAMILY
SUPPLY
DEVICE ARCH. VOLTAGE BW SR =T1H|\5|)Hz o.tls% DIFF. DIFF. Vn_
(MHz) | (V/ps) GAIN PHASE | (nvivH2)
VFB [CFB | 5V |5V | 15V (dB) (ns)
THS3001 . . . 420 6500 -96 40 0.01% 0.02° 16
THS4001 . . . . 270 400 -72 40 0.04% 0.15° 12.5
THS4031/32 . . . 100 100 -72 60 0.02% 0.03° 16
THS4061/62 . . . 180 400 —72 40 0.02% 0.02° 14.5

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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THS4001
270-MHz HIGH-SPEED AMPLIFIER

SLOS206A—- DECEMBER 1997 — REVISED MARCH 1999

AVAILABLE OPTIONS

PACKAGED DEVICES
TA SMALL OUTLINET EVALUATION
(D) MODULE
0°C to 70°C THS4001CD THS4001EVM
—40°C to 85°C THS4001ID —

T The D packages are available taped and reeled. Add an R suffix to the
device type (i.e., THS4001CDR).

symbol

NULL || ] nuLL

IN— [ - ] Vce+

IN+ [ ] out

Vee- [ ] nC

absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

SUPPIY VORAGE, VOO T0 VO Ch e e e 33V
INPUEVORAGE, V| ..o +*Vce
OUIPUL CUITENL, [ ..o e e e e e 175 mA
Differential INPUL VOIAGE, VD -+« « oo oot e e e e x4V
Continuous total power dissipation ...t See Dissipation Ratings Table
Operating free air temperature, TaA:C SUFfIX .. ... s 0°Cto 70 °C

FsUffix ... o —-40°Ct0 85 °C
Storage temperature, Tgpg - ..o ovv i —-65°Cto 150 °C
Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds ...............coiiiiinnennn.. 300°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATING TABLE

Ta <25°C DERATING FACTOR Ta = 70°C Tp = 85°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING

D 740 mW 6 mw/°C 475 mW 385 mW

PACKAGE

. CAUTION: The THS4001 provides ESD protection circuitry. However, permanent damage can still occur if this device is
subjected to high-energy electrostatic discharges. Proper ESD precautions are recommended to avoid any performance

‘ ?: \ degradation or loss of functionality
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THS4001
270-MHz HIGH-SPEED AMPLIFIER

SLOS206A- DECEMBER 1997 — REVISED MARCH 1999

recommended operating conditions

MIN  TYP MAX| UNIT
Dual supply +25 +16
Supply voltage, Vcc - \%
Single supply 5 32
Qui ; ol +15V 7.8 9.5 A
uiescent current, m
ce 5V, 25V 6.7 8
) ) C suffix 0 70
Operating free-air temperature, Ta - °C
| suffix -40 85
electrical characteristics, Vcc =215V, R =150 Q, Ta = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
. . . 15V 0.04%
Differential gain error
Gain = 2, R =150 Q, £V 0.01%
f=23.58 MHz +15V 0.15°
Differential phase error
5V 0.08°
Ta =25°C 2 8
Vio Input offset voltage A 15V, mV
Tp = full range x5V 10
Ta =25°C 2.6 5
B Input bias current A 15V, HA
Tp = full range 5V 6
Ta =25°C 35 200
los Input offset current A 15V, nA
Ta = full range 5V 500
Vo =10V, Ta = 25°C 5 10
© A +15V
. R =1kQ Tpa = full range 3
Open-loop gain VimV
Vo =%25V, Ta = 25°C 3 6
5V
R =500 Q Ta = full range 2
Ta =25°C 85 100
CMRR  Common-mode rejection ratio Vicm) =£12V +15V dB
Ta = full range 75
Ta = 25°C +15 V. 75 85
PSRR  Power supply rejection ratio +5 VV dB
Ta = full range = 70
13.5 14.8
+15V to to
v c dei | e — v
ommon-mode input voltage range
ICR p g g 3.6 4.4
5V to to
-2.7 -3.6
15V +13  #135
Vo Output voltage swing R =500 Q 5V +3.3 +3.8 \
+25V | +038 +1.3
+15V 50 100
lo Output current Gain =+ 2, RL=200Q 5V 50 100 mA
+25V 50 100
THD Total harmonic distortion Vi=1Vpp), f=1MHz *15V =72 dBc
R| Input resistance 10 MQ
Ci Input capacitance 15 pF
Ro Output resistance Open loop 10 Q
‘U" TEXAS
INSTRUMENTS
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THS4001

270-MHz HIGH-SPEED AMPLIFIER

SLOS206A—- DECEMBER 1997 — REVISED MARCH 1999

operating characteristics, Vcc = #15V, R =150 Q, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN  TYP MAX| UNIT
+15V 400
Slew rate Gain=-1 x5V 400 Vius
25V 350
o 10Vstep(0to10V), Gain=-1 +15V 40
Settling time to 0.1% - ns
-25Vto25Vstep, Gain=-1 5V 30
15V 270
Gain = +1, R =150 Q,
Rf = 150 O 5V 220 MHz
. 25V 180
—3 dB Bandwidth
15V 80
Gain = -1, R =150 Q,
Rf = 150 O 5V 75 MHz
25V 70
+15V 60
Bandwidth for 0.1 dB flatness Gain = +1 5V 50 MHz
25V 40
. . . +15V, —_
Vn Equivalent input noise voltage f=10kHz 15V 125 nV/VHz
. . . 15V, —
In Equivalent input noise current f=10kHz 15V 15 pANHz
TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE
B Input bias current vs Free-air temperature 1
Vio Input offset voltage vs Free-air temperature 2
Open-loop gain vs Frequency 3
Phase vs Frequency 3
Differential gain vs DC voltage 4,5
Differential phase vs DC voltage 4,5
Closed-loop gain vs Frequency 6,7
CMRR  Common-mode rejection ratio vs Frequency 8
o . vs Frequency 9
PSRR Power-supply rejection ratio -
vs Free-air temperature 10
v outout volt . vs Supply voltage 11
utput voltage swin
O(PP) P g 9 vs Load resistance 12
Bandwidth (-3 dB) vs Feedback resistance 13,14
vs Supply voltage 15
lcc Supply current -
vs Free-air temperature 16
Env Noise spectral density vs Frequency 17
THD Total harmonic distortion vs Frequency 18
‘Ui TEXAS
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THS4001
270-MHz HIGH-SPEED AMPLIFIER

SLOS206A- DECEMBER 1997 — REVISED MARCH 1999

lig — Input Bias Current —pA

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT INPUT OFFSET VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
3 15
2.75 N\ 1
\ S
NGO i
|
\ S i Ve = #15V
N\ S~ Vee =+ VY g B
N . | | = —
§\ Voo =45V g Vee = 15\/\\ N
2 — - 2 -05
~ N
Vcc =425V o
1.75 !
1.5 -15
40 20 O 20 40 60 80 100 —40 -20 0 20 40 60 80 100
Tpa — Free-Air Temperature — °C Ta — Free-Air Temperature — °C
Figure 1 Figure 2
OPEN-LOOP GAIN AND PHASE
VS
FREQUENCY
%0 T T 1T 11
80 ! Vcc=#15V [|]
70 ‘\\
N
60 0°
3 N\
I 50 \
= N\
‘© N
o 40 45° %
Q.
8 30 N &
1 \N
< LU L LI .
g 20 iRt 90
le) N
10 |
0 \ 135
-10
N
-20 180

1k 10k 100k M 10M  100M 1Gge
f — Frequency — Hz

Figure 3
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THS4001

270-MHz HIGH-SPEED AMPLIFIER

SLOS206A—- DECEMBER 1997 — REVISED MARCH 1999

Differential Gain — (%/div)

Differential Gain — (%/div)

TYPICAL CHARACTERISTICS

DIFFERENTIAL GAIN AND
DIFFERENTIAL PHASE

VS
DC VOLTAGE
0.048 | 0.1°
Vce =15
0.036 | 0.08°
Phase//
0.024 v 0.06°
0.012 0.04°
0 0.02°
-0.012 ) 0°
d Gain
-0.024 -0.02°
-0.036 -0.04°
-0.06°
-0.048
0 01 02 03 04 05 06 07
DC Voltage — V
Figure 4
DIFFERENTIAL GAIN AND
DIFFERENTIAL PHASE
VS
DC VOLTAGE
0.048 I T 0.12°
Vee = £15 Phase
0.036 // 0.1°
0.024 // 0.08°
0.012 /' 0.06°
0 /// Gain 0.04°
-0.012 // 0.02°
-0.024 ,/, 0°
-0.036 // -0.02°
-0.048 -0.04°
~0.06 -0.06°
0 01 02 03 04 05 06 07

DC Voltage - V

Figure 5

Differential Phase

Differential Phase
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THS4001
270-MHz HIGH-SPEED AMPLIFIER

SLOS206A- DECEMBER 1997 — REVISED MARCH 1999

Closed-Loop Gain —dB

CMRR - Common-Mode Rejection Ratio —dB

TYPICAL CHARACTERISTICS

CLOSED-LOOP GAIN CLOSED-LOOP GAIN
Vs Vs
FREQUENCY FREQUENCY
8[TTTIMT T T 17T 5
| Vcc=%15V
6 Gain=1 0 Sq
4 Voo =15V \
-5 Gain=-1 \
2 i}
, /‘ © -10 \
~ < \
© -15
- S \
3.9 pF S _20
4 | H 3
°©
6 200 Q o -25 \
o 1kQ
Iyl O -30
- 1kQ
Eryas -35 [
50 Q 50 Q
12 1 —40 1 1
_14 [ R | g LI L LT
300k 1M 10M 100M 16 3G 300k 1M 10M 100M 1G 3G
f — Frequency — Hz f — Frequency — Hz
Figure 6 Figure 7
COMMON-MODE REJECTION RATIO POWER SUPPLY REJECTION RATIO
Vs Vs
FREQUENCY FREQUENCY
120 T T T 100 T
Vee =215V ito 2.5V -
o 90 |- ~Vcc N
100 i N\
I
N 2 80
\ g . +Vce
80 5
N g
8 60
E
60 50
N 2
o
“ \ 3 40
N S 30
o
\ D-
I
20 \ g \
[+4
g 10
Vce =15V to #2.5V
0 0 ! I I
10 100 1k 10k 100k 1M  10M 100M 10 100 1k 10k 100k 1M  10M 100M
f — Frequency — Hz f — Frequency — Hz
Figure 8 Figure 9
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THS4001
270-MHz HIGH-SPEED AMPLIFIER

SLOS206A—- DECEMBER 1997 — REVISED MARCH 1999

TYPICAL CHARACTERISTICS

POWER SUPPLY REJECTION RATIO OUTPUT VOLTAGE SWING
VS VS
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
120 30
m
©
I 110
<) > 08 RL = 1kQ
: = YA
c = gd
S 100 Vee =-15V o 20 o
[3) (6]
2 g {
() 4
° B
5 9 S 15 A
> z
= S R =150 Q
= Vee =15V § L
g 80 ,L 10
é 3 /
| o
o y
g 70 > 5 /
(%0}
o
60 0
-40 20 0 20 40 60 80 100 2 4 6 8 10 12 14 16
Ta — Free-Air Temperature — °C Vcc - Supply Voltage -V
Figure 10 Figure 11
OUTPUT VOLTAGE SWING BANDWIDTH (-3 dB)
VS VS
LOAD RESISTANCE FEEDBACK RESISTANCE
30 100 . .
Vcc=#15V
il = 90
S P Vee=+15V ||| \;(
| N 80 \\ [ —
o I — I —
i o / L f veetsy —=
]
g / $ 60 Vo =#2.5V
S 15 f S =0
5 S
= 2
3 Ve =15V e 40
a—: ”—" | 30
a =
o Voo =#25V @ 20
> 5 — CcC 1 Gain =-1
AT 10} f=-3dB
RL =150 Q
0 0 ! !
10 100 1000 10000 500 700 900 1100 1300 1500 1700 1900
RL —Load Resistance — Q R(FB) — Feedback Resistance - Q
Figure 12 Figure 13
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THS4001
270-MHz HIGH-SPEED AMPLIFIER

SLOS206A- DECEMBER 1997 — REVISED MARCH 1999

TYPICAL CHARACTERISTICS

BANDWIDTH (-3 dB)
VS

SUPPLY CURRENT

Vs
FEEDBACK RESISTANCE SUPPLY VOLTAGE
300 T T 9
Gain=1
P Voo =15V f=-3d8 8 —
250 < cc== —+ R_.=150Q -
<
EI 200 \ \\ c |
— B ! 6
= ~ \\ —— =
o S~ o
T AT = s
= 150 2\
S Ve =15V =
.'g Ve =#25V cc=15 S 4
kel >
§ 100 @ 3
0 8
= = 2
@ 50
1
0 0
100 200 300 400 500 600 700 800 900 1000 5 4 6 8 10 12 14
R(FB) — Feedback Resistance — Q Vce - Supply Voltage — V
Figure 14 Figure 15
SUPPLY CURRENT NOISE SPECTRAL DENSITY
Vs 'S
FREE-AIR TEMPERATURE FREQUENCY
9
I I - 80
Vec =#15V_L—"
L
s =t |\
1S / % T 60 \
| 6 " — >
= —— Vcc =415V = \
c / 0 50
. = A \
2 Ve =#25V T 40 \
s 4 S \\ Ve =#15V
> o
0 2] 30 N
| 3 0 >\
¢ = N
Q o
= 2 ZI 20 \‘\\::..
> Voo =45V —
1 w 10— and 2.5V
0 N
40 20 O 20 40 60 80 100 10 100 1k 10k 100k
Tp — Free-Air Temperature — °C f — Frequency — Hz
Figure 16 Figure 17
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THS4001

270-MHz HIGH-SPEED AMPLIFIER

SLOS206A—- DECEMBER 1997 — REVISED MARCH 1999

THD - Total Harmonic Distortion —dB

TYPICAL CHARACTERISTICS

TOTAL HARMONIC DISTORTION

VS
FREQUEN

CY

T
G=+2

| VIN=1V(pp)

Vcc=%15V
RL=150Q

3 rd Harmonic .

7

0.5 1
f — Frequency —

Figure 18

MHz

10

10
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THS4001
270-MHz HIGH-SPEED AMPLIFIER

SLOS206A- DECEMBER 1997 — REVISED MARCH 1999

APPLICATION INFORMATION

theory of operation

The THS4001 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
f1s of several GHz. This results in an exceptionally high performance amplifier that has a wide bandwidth, high
slew rate, fast settling time, and low distortion. A simplified schematic is shown in Figure 19.

* (1) Vcc+
(6) OUT
IN= (2) A -
*
IN+ (3)
‘ ‘ Y ' ® 3 (4 Vcc-
NULL (1) NULL (8)

Figure 19. THS4001 Simplified Schematic
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THS4001
270-MHz HIGH-SPEED AMPLIFIER

SLOS206A—- DECEMBER 1997 — REVISED MARCH 1999

APPLICATION INFORMATION

offset nulling

The THS4001 has very low input offset voltage for a high-speed amplifier. However, if additional correction is
required, an offset nulling function has been provided. 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 20.

Vecet

0.1 pF

5

THS4001

10 kQ

]

Vee-

Figure 20. Offset Nulling Schematic

optimizing unity gain response

Internal frequency compensation of the THS4001 was selected to provide very wideband performance yet still
maintain stability when operated in a noninverting unity gain configuration. When amplifiers are compensated
in this manner there is usually peaking in the closed loop response and some ringing in the step response for
very fast input edges, depending upon the application. This is because a minimum phase margin is maintained
forthe G=+1 configuration. For optimum settling time and minimum ringing, a feedback resistor of 200 Q should
be used as shown in Figure 21. Additional capacitance can also be used in parallel with the feedback resistance
if even finer optimization is required.

Input — +

THS4001 Output

( 200 Q

Figure 21. Noninverting, Unity Gain Schematic

12
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THS4001
270-MHz HIGH-SPEED AMPLIFIER

SLOS206A- DECEMBER 1997 — REVISED MARCH 1999

APPLICATION INFORMATION

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 THS4001 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 device’s phase margin leading to high frequency ringing or oscillations. Therefore, for
capacitive loads of greater than 10 pF, it is recommended that a resistor be placed in series with the output of
the amplifier, as shown in Figure 22. 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.

1kQ

1kQ
Input

THS4001
f I CLoAD

Figure 22. Driving a Capacitive Load

circuit layout considerations

In order to achieve the levels of high frequency performance of the THS4001, it is essential that proper
printed-circuit board high frequency design techniques be followed. A general set of guidelines is given below.
In addition, a THS4001 evaluation board is available to use as a guide for layout or for evaluating the device
performance.

® Ground planes — It is highly recommended that a ground plane be used 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-pF tantalum capacitor in parallel with a 0.1-puF 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-uF 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 inches between the device power
terminals and the ceramic capacitors.

® Sockets — Sockets are not recommended for high speed op amps. 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.

{'} TEXAS
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THS4001
270-MHz HIGH-SPEED AMPLIFIER

SLOS206A—- DECEMBER 1997 — REVISED MARCH 1999

APPLICATION INFORMATION

circuit layout considerations (continued)

® Surface-mount passive components — Using surface mount passive components is recommended 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, it is recommended that the lead lengths be
kept as short as possible.

evaluation board

An evaluation board is available for the THS4001 (literature number SLOP119). 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 23. The circuitry has been designed so that the amplifier may be used in
either an inverting or noninverting configuration. To order the evaluation board contact your local Tl sales office
or distributor. For more detailed information, refer to the THS4001 EVM User’s Manual (literature number
SLOU017).

Veet

R1
1kQ \
IN+ +
R3 THS4001 ouT
49.9 Q
’—
R5
1kQ c4
0.1 pF
IN—
R4 Vee-
49.9 Q

Figure 23.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
THS4001CD ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 4001C Samples
& no Sh/Br)
THS4001CDG4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 4001C Samples
& no Sh/Br)
THS4001CDR ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 4001C Samples
& no Sh/Br)
THS40011D ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 40011
& no Sh/Br)
THS40011DG4 ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 40011 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 Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

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.
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© | 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 Tl 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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | 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 Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
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)
THS4001CDR SoIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 | 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
THS4001CDR SoIC D 8 2500 367.0 367.0 35.0
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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.
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LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

EXGmpl?NE?:r((j;)LOYOUt Sten(ﬂlogp%rsings
6x1.07 —— ~=—8x0,55
— —=— 0X]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)
—=1Il=—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.
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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 © 2014, Texas Instruments Incorporated
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