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5 Pin Configuration and Functions

PW Package
14-Pin TSSOP
Top View
OutA II o E OutD
-InA Iz—— ——EI —In D
A D
+In A IZ—+ +—£| +In D
V+ IZ EI V-
+InB E—+ +—E +InC
B Cc
-InB E—— ——E‘ -InC
Out B IZ EI OutC
Pin Functions
PIN
110 DESCRIPTION
NAME NO.
—-InA 2 | Inverting input, channel A
+In A 3 | Noninverting input, channel A
-InB 6 | Inverting input, channel B
+In B 5 | Noninverting input, channel B
-InC 9 | Inverting input, channel C
+In C 10 | Noninverting input, channel C
—InD 13 | Inverting input, channel D
+In D 12 | Noninverting input, channel D
Out A O Output, channel A
Out B O Output, channel B
QutC O Output, channel C
Qut D 14 O Output, channel D
V— 11 — Negative (lowest) supply
V+ 4 — Positive (highest) supply

Copyright © 2017, Texas Instruments Incorporated
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6 Specifications

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

MIN MAX UNIT
Supply voltage, V+ to V- 7.5
Voltage - - - > \%
Signal input terminals ? (V-) - (0.5) (V+) +0.5
Signal input terminals ? -10 10 mA
Current — -
Output short circuit® Continuous
Operating, Ta -55 150
Temperature Junction, T, 150 °C
Storage, Tsyg —-65 150

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

(2) Input pins are diode-clamped to the power-supply rails. Input signals that can swing more than 0.5 V beyond the supply rails must be

current limited to 10 mA or less.
(3) Short-circuit to ground, one amplifier per package.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per AEC Q100-002" +1000
V(Esb) Electrostatic discharge - \%
Charged-device model (CDM), per AEC Q100-011 +250
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vs Supply voltage, V- to V+ 25 55 \%
Specified temperature -40 125 °C
6.4 Thermal Information: TLV3544-Q1
TLV3544-Q1
THERMAL METRIC PW (TSSOP) UNIT
14 PINS
Roia Junction-to-ambient thermal resistance 92.6 °CIW
Rojctop) Junction-to-case (top) thermal resistance 275 °C/IW
Ross Junction-to-board thermal resistance 33.6 °CIW
Wit Junction-to-top characterization parameter 1.9 °CIW
ViR Junction-to-board characterization parameter 331 °CIW
Roc(bot) Junction-to-case (bottom) thermal resistance — °C/IW
4 Copyright © 2017, Texas Instruments Incorporated
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6.5 Electrical Characteristics: Vg =2.7 Vto 5.5V Single-Supply

At T, =25°C, Re =0 Q, R =1 kQ, and connected to V¢/2, unless otherwise noted.

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
OFFSET VOLTAGE
Vos Input offset voltage Vg =5V, at Ty =25°C 12 +10 mV
dVps/dT Input offset voltage vs temperature Vg =5V, at Ty = -40°C to +125°C +4.5 pv/eC
Vs=27V1t055V,
Vew = (Vs/2) - 0.55 V +200 +800
PSRR Input offset voltage vs power supply Vg=27V1t055V, VIV
VCM = (Vs/z) -055V, +900
at Tp = —40°C to +125°C
INPUT BIAS CURRENT
Ig Input bias current 3 pA
los Input offset current +1 pPA
NOISE
en Input voltage noise density f=1MHz 75 nV/NHz
in Current noise density f=1MHz 50 fANHz
INPUT VOLTAGE RANGE
Vewm Common-mode voltage (Vv-)-0.1 (V+) + 0.1 \Y
Vs=55V,-0.1V<Vey<35V,
- at Tp = 25°C 66 80
CMRR Common-mode rejection ratio dB
Vg=55V,-0.1V<Vcy<5.6V, 56 68
at Tp = 25°C
INPUT IMPEDANCE
Differential 1013 2 Q|| pF
Common-mode 1013 2 Q|| pF
OPEN-LOOP GAIN
Vg=55V,03V<Vyg<47YV,
_ at Tp = 25°C 94 110
AoL Open-loop gain dB
Vs=5V,04V<Vg<46V, 90
at Tp = —40°C to +125°C
FREQUENCY RESPONSE
At G = +1, Vg = 100 mVpp,
. . — 250
f s Small-signhal bandwidth Re=250Q MHz
At G = +2, Vo = 100 mVpp 90
GBW Gain-bandwidth product G =+10 100 MHz
fo.1dB Bandwidth for 0.1-dB gain flatness At G = +2, Vo = 100 mVpp 40 MHz
Vs=5V, G = +1, 4-V step 150
SR Slew rate Vg =5V, G =+1, 2-V step 130 V/us
Vs =3V, G =+1, 2-V step 110
At G = +1, Vo = 200 mVpp, 2
Rise-and-fall time 10% to 90% ns
At G = +1, Vg = 2 Vpp, 10% to 90% 11
0.1%, VS =5V, G=+1, 30
L 2-V output step
Settling time ns
0.01%, Vg =5V, G = +1, 60
2-V output step
Overload recovery time V| X Gain = Vg 5 ns
Copyright © 2017, Texas Instruments Incorporated 5


http://www.ti.com/product/tlv3544-q1?qgpn=tlv3544-q1
http://www.ti.com

TLV3544-Q1

JAJSDX7 —OCTOBER 2017

TEXAS
INSTRUMENTS

WWW.tij.co.jp

Electrical Characteristics: Vg = 2.7 V to 5.5 V Single-Supply (continued)

At T, = 25°C, Re =0 Q, R, =1 kQ, and connected to Vs/2, unless otherwise noted.

PARAMETER | TEST CONDITIONS | MIN TYP MAX | UNIT
FREQUENCY RESPONSE, continued
Second_ At G =+1,f=1MHz, Vg =2 Vpp, _75
o . harmonic R, =200 Q,Vcy=15V
Harmonic distortion . . Z (=L MHZ V=2V dBc
Third harmonic étLE 204(')1&), Vey = 15 \? PP -83
Differential gain error NTSC, R, =150 Q 0.02%
Differential phase error NTSC, R, =150 Q 0.09 °
Channerto-channel | 1v3544-1 | f=5MHz 84 dB
OUTPUT
Voltage output swing from rail \a/tST15:\£55(IE =1k, Ao > 94 dB, 0.1 0.3 \%
lo Output current®®@ V=5V 100 mA
Vg=3V 50 mA
Closed-loop output impedance f <100 kHz 0.05 Q
Ro Open-loop output resistance 35 Q
POWER SUPPLY
Specified voltage 2.7
Vg - \Y
Operating voltage 2.5 5.5
lo Quiescent current (per amplifier) ﬁ;t;er: 25°C, Vs =5V, enabled, 5.2 6.5 mA
THERMAL SHUTDOWN — JUNCTION TEMPERATURE
Shutdown 160 °C
Reset from shutdown 140 °C
THERMAL RANGE
Specified -40 125 °C
Operating -55 150 °C
Storage —65 150 °C

(1) See typical characteristic curves, Output Voltage Swing vs Output Current (K 20 and Kl 22).
(2) Specified by design.

Copyright © 2017, Texas Instruments Incorporated
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6.6 Typical Characteristics
AtT,=25°C,Vg=5V,G=+1, R =0Q, R =1 kQ, and connected to V¢/2, unless otherwise noted.

Frequency (Hz)
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K 2. Inverting Small-Signal Frequency Response
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3. Noninverting Small-Signal Step Response
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4. Noninverting Large-Signal Step Response
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-0.1
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o
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[
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1
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5.0.1-dB Gain Flatness

Harmonic Distortion (dBc)

-50
G=-1 /
-60 | f=1MHz
R, =200Q /
-70
2nd Harmonic
-80 /
-90 / A / /
3rd Harmonic
-100 Z ‘
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Output Voltage (Vpp)

6. Harmonic Distortion vs Output Voltage
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Typical Characteristics (continued)

At T, =25°C,Vg=5V,G=+1, R =0Q, R =1KkQ, and connected to V¢/2, unless otherwise noted.

-50 -50
Vo =2Vpp Vo =2Vpp
f=1MHz f=1MHz
3 60 [ R_=200Q S -60 [FR_=200Q
[an] [an]
T T
5 5
£ 70 — £ —70 -
S 2nd Harmonic | o 2nd Harmonic LT
k%) T | k7] L—
a \_// 1 a ] | ——
2 80 = 2 80 |
c c
g // g // 3rd Harmonic
3 P 3
I -90 T -90
3rd Harmonic
-100 ‘ ‘ -100
1 10 1 10
Gain (V/V) Gain (V/V)
7. Harmonic Distortion vs Noninverting Gain 8. Harmonic Distortion vs Inverting Gain
-50 ‘ -50
G=+1 /| G=+1
Vo = 2Vpp / Vo =2Vpp
5 -60 |FR_=2000 // o 60 - f=1MHz
g Voy = 1.5V s g Ve = 1.5V
c c
£ -70 / £ -70
S 2nd Harmonic / 8 [ 2nd Harmonic
@ 2
a a ——
2 P 8
o o
£ ] £ ) —~
® == 3rd Harmonic 5 3rd Harmonic ™~
T -90 T -90
-100 -100
100k ™ 10M 100 1k
Frequency (Hz) R, (Q)
9. Harmonic Distortion vs Frequency 10. Harmonic Distortion vs Load Resistance
10k 3
LTI
R, = 10kQ
0 ~uaact e
N —~ G=+1 NN \<
E E 1k = % B - 00 \\\ \((
S22 . Current Noise 17 = 3 |
>< Voltage Noise £ Vo =0.1V,
=2 N age ! © °_ PP R, = 1kQ
s 3 I > © Co = OpF L Ll
.9'5100 ° -6 T
<] 7 Qo
zZ 5 = R, = 100Q )\
= i
= 5 5}
33 10 N 2 R, =500 \
_ -12 \
Eiss: M
10 100 1k 10k 100k 1M 10M  100M 100k 1™ 10M 100M 1G
Frequency (Hz) Frequency (Hz)
11. Input Voltage and Current Noise 12. Frequency Response for Various R|
Spectral Density vs Frequency
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Typical Characteristics (continued)

At T, =25°C,Vg=5V,G=+1, R =0Q, R =1KkQ, and connected to V¢/2, unless otherwise noted.

9 160 T
G=+1 N
6 [Vo=01Vpp 140 |- For0.1dB
Rg = 0Q C, = 100pF N Flatness / \\
o 3 /7 120
= $4 /
£ 0 100
© —
o \ c N
8 -3 i \ ‘(;) 80 \\\
X C, = 47pF | \ 4 N
T _g 60 M
% \ ViNO Rg
Z 9 I 40 Vo
C_=5.6pF ko
12 | 20 1z
_15 \ \ 0 [T [ TTII0 1
100k ™M 10M 100M 1G 1 10 100 1k
Frequency (Hz) Capacitive Load (pF)
13. Frequency Response for Various C_ K& 14. Recommended Rg vs Capacitive Load
3 T TTTTT T LA 100
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0 Vo =0.1 Vpp ] CI\LRI‘?‘
= 80
3 40 Q——-ﬁ:& o Ay
2 o N g R PSRR+| [N
© ‘ ‘ \ x 60 LI
S =120 A N N
3 a PSRRWIN N
= © 40 AN
g ox NN /I M
£ = NN NU
> O ™ \ NN
=z "\ r
1 20 N
= = \\\‘>-\ #’
_15 [T TII T TIT 0 M
100k ™ 10M 100M 1G 10k 100k 1™ 10M 100M 1G
Frequency (Hz) Frequency (Hz)
B 15. Frequency Response vs Capacitive Load 16. Common-Mode Rejection Ratio and
Power-Supply Rejection Ratio vs Frequency
180 0.8
160 \ 07
@ 140
o = —\ _. 06
50 120 N =
oA N TN Phase 0]
2 ¢ 100 SN 2 05
o @® I N B — D
20O 80 S dP
c o N N 3 04
g 60 - g /
Q.
ST 40 : S 03 ”
24 g Gain ™"\ O] /
cqg 20 o° 2
g \\\ \ 0
© 0 0.1
-20 . dG |
-40 0
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Frequency (Hz) Number of 1500 Loads
17. Open-Loop Gain and Phase 18. Composite Video Differential Gain and Phase

Copyright © 2017, Texas Instruments Incorporated



http://www.tij.co.jp/product/tlv3544-q1?qgpn=tlv3544-q1
http://www.tij.co.jp

13 TEXAS
INSTRUMENTS
TLV3544-Q1

JAJSDX7 —OCTOBER 2017 WwWW.tij.co.jp

Typical Characteristics (continued)

At T, =25°C,Vg=5V,G=+1, R =0Q, R =1KkQ, and connected to V¢/2, unless otherwise noted.

10k 3
g« '/ S \ \
e II' > 2
g / 2 N
3 100 4 5 +125°C | +25°C | -55°C
» 7
8 s
< /// = / >/ N
¢
g 10 I/ ///
/,’ //
//
1 / 0 /
-56 -36 -15 5 25 45 65 85 105 125135 0 20 40 60 80 100 120
Temperature (°C) Output Current (mA)
K& 19. Input Bias Current vs Temperature 20. Output Voltage Swing vs Output Current for
Vg=3V
7 5 —
6 \\\
Vg=5V_|— 4
g s L — = =S /\\\\
= | | — o 3 \ \ >
S 4 — g N A A
£ _— —TV.=2 5 +125°C +25°C -55°C
5 L s =2.5V ~
3>~. 3 _— ‘g_ 2 / \
a 2 o // /
1
1 ///
. i Eé/
-56 -36 -15 5 25 45 65 85 105 125135 0 25 50 75 100 125 150 175 200
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21. Supply Current vs Temperature 22. Output Voltage Swing vs Output Current for
Vg=5V
100 6 T
Vg =55V
d 5
a 10 o . Maximum Output
o .
P o Voltage without
> 4
2 A by Slew Rate-
3 T T oA T C 1T = Induced Distortion
8 1 = 3
£ 7 2 Vg =27V N
‘5‘ H 3 N
g + | g2 A
=]
o 01 —L__TLVSSM —FH © \\\
- <] 1
L« >
0.01 0
100k 1™ 10M 100M 1G 1 10 100
Frequency (Hz) Frequency (MHz)
23. Closed-Loop Output Impedance vs Frequency B 24. Maximum Output Voltage vs Frequency
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Typical Characteristics (continued)
At T, =25°C,Vg=5V,G=+1, R =0Q, R =1KkQ, and connected to V¢/2, unless otherwise noted.
0.5 ‘ ‘ ‘ 120 ‘
0.4 -
\ Vo= 2Vpp o R, = 1kQ
0.3
- T —
— |— T
= 02 \ g | — —
g \ <
g 0.1 g 100
2 0 > :
2 -0.1 < 9
> c
O 02 g
¢)
-0.3 80
-0.4
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25. Output Settling Time to 0.1% 26. Open-Loop Gain vs Temperature
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Power-Supply Rejection Ratio vs Temperature
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29. Channel-to-Channel Crosstalk
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7 Detailed Description

7.1 Overview

The TLV3544-Q1 is a quad-channel CMQOS, rail-to-rail /O, high-speed, voltage-feedback operational amplifier
designed for video, high-speed, and other applications.

The amplifier features a 100-MHz gain bandwidth and 150-V/us slew rate, but it is unity-gain stable and can be
operated as a +1-V/V voltage follower.

7.2 Functional Block Diagram

(}) Beference (1) ©)

wordi b T s

VBIAS1 Class AB
Control —O Vo
Circuitry

1 -
Y Y 9

(Ground) ©
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7.3 Feature Description

7.3.1 TLV3544-Q1 Comparison
5= 1 lists several members of the device family that includes the TLV3544-Q1.

#z 1. Device Family Comparison

FEATURES PRODUCT
Shutdown Version of TLV3544 Family OPAXx357
200-MHz GBW, Rail-to-Rail Output, CMOS, Shutdown OPAX355
200-MHz GBW, Rail-to-Rail Output, CMOS OPAX356
38-MHz GBW, Rail-to-Rail Input/Output, CMOS OPAX350/0PAx353
75-MHz BW G = 2, Rail-to-Rail Output OPA2631
150-MHz BW G = 2, Rail-to-Rail Output OPA2634
100-MHz BW, Differential Input/Output, 3.3-V Supply THS412x

7.3.2 Operating Voltage

The TLV3544-Q1 is specified over a power-supply range of 2.7 V to 5.5 V (£1.35 V to +2.75 V). However, the
supply voltage may range from 2.5V to 5.5V (£1.25 V to £2.75 V).

Supply voltages higher than 7.5 V (absolute maximum) can permanently damage the
amplifier.

Parameters that vary over supply voltage or temperature are shown in Typical Characteristics of this data sheet.

7.3.3 Rail-to-Rail Input

The specified input common-mode voltage range of the TLV3544-Q1 extends 100 mV beyond the supply rails.
This extended range is achieved with a complementary input stage—an N-channel input differential pair in
parallel with a P-channel differential pair, as shown in the Functional Block Diagram. The N-channel pair is active
for input voltages close to the positive rail, typically (V+) — 1.2 V to 100 mV above the positive supply, while the
P-channel pair is on for inputs from 100 mV below the negative supply to approximately (V+) — 1.2 V. There is a
small transition region, typically (V+) — 1.5 V to (V+) — 0.9 V, in which both pairs are on. This 600-mV transition
region can vary 500 mV with process variation. Thus, the transition region (both input stages on) can range
from (V+) - 2 V to (V+) — 1.5 V on the low end, up to (V+) = 0.9 V to (V+) — 0.4 V on the high end.

A double-folded cascode adds the signal from the two input pairs and presents a differential signal to the class
AB output stage.

7.3.4 Rail-to-Rail Output

A class AB output stage with common-source transistors is used to achieve rail-to-rail output. For high-
impedance loads (> 200 Q), the output voltage swing is typically 100 mV from the supply rails. With 10-Q loads,
a useful output swing can be achieved while maintaining high open-loop gain. See the typical characteristic
curves, Output Voltage Swing vs Output Current (K 20 and Kl 22).

7.3.5 Output Drive

The TLV3544-Q1 output stage can supply a continuous output current of £100 mA and yet provide approximately
2.7 V of output swing on a 5-V supply, as shown in 30. For maximum reliability, Tl does not recommend
running a continuous DC current in excess of +100 mA. Refer to the typical characteristic curves, Output Voltage
Swing vs Output Current (] 20 and K 22). For supplying continuous output currents greater than £100 mA, the
TLV3544-Q1 may be operated in parallel, as shown in K 31.

Copyright © 2017, Texas Instruments Incorporated 13
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K 30. Laser Diode Driver

The TLV3544-Q1 provides peak currents up to 200 mA, which corresponds to the typical short-circuit current.
Therefore, an on-chip thermal shutdown circuit is provided to protect the TLV3544-Q1 from dangerously high
junction temperatures. At 160°C, the protection circuit shuts down the amplifier. Normal operation resumes when

the junction temperature cools to below 140°C.

Ry
100 kQ
— W
Rs
100 kQ
2V In =200 mA % Rshunt
Out, as Shown 1Q
TLV3544- —/\\—
- +
— R,
10 kQ

Laser Diode

il
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31. Parallel Operation
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7.3.6 Video

The TLV3544-Q1 output stage is capable of driving standard back-terminated 75-Q video cables, as shown in X
32. By back-terminating a transmission line, it does not exhibit a capacitive load to its driver. A properly back-
terminated 75-Q cable does not appear as capacitance; it presents only a 150-Q resistive load to the TLV3544-

Q1 output.

75 Q
AAA Video
Output

Copyright © 2017, Texas Instruments Incorporated

K 32. Single-Supply Video Line Driver

The TLV3544-Q1 can be used as an amplifier for RGB graphic signals, which have a voltage of zero at the video
black level, by offsetting and AC-coupling the signal. See K| 33.
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(1) Source video signal offset 300 mV above ground to accommodate op amp swing—to—ground capability.

33. RGB Cable Driver
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7.3.7 Driving Analog-to-Digital converters

The TLV3544-Q1 series op amps offer 60 ns of settling time to 0.01%, making them a good choice for driving
high- and medium-speed sampling A/D converters and reference circuits. The TLV3544-Q1 provides an effective
means of buffering the A/D converter input capacitance and resulting charge injection while providing signal gain.
For applications requiring high DC accuracy, the OPA350 series is recommended.

KX 34 illustrates the TLV3544-Q1 driving an A/D converter. With the TLV3544-Q1 in an inverting configuration, a
capacitor across the feedback resistor can be used to filter high-frequency noise in the signal.

+5V
(@)
330 pF
||
1
5 kQ 5kQ
VIN O_\/\/\/\ \/\/\/\ V+ VREF
B +n ADS7816, ADS7861,
TLV3544} or ADS7864
+25V 0O +/ n 12-Bit A/D Converter
GND

Vin=0Vto-5Vfor0Vto5V output. — NOTE: A/D converter input = 0 V to Vger
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K 34. The TLV3544-Q1 in Inverting Configuration Driving the ADS7816

7.3.8 Capacitive Load and Stability

The TLV3544-Q1 series op amps can drive a wide range of capacitive loads. However, all op amps under certain
conditions may become unstable. Op amp configuration, gain, and load value are just a few of the factors to
consider when determining stability. An op amp in unity-gain configuration is most susceptible to the effects of
capacitive loading. The capacitive load reacts with the device output resistance, along with any additional load
resistance, to create a pole in the small-signal response that degrades the phase margin. Refer to the typical
characteristic curve, Frequency Response for Various C_ (K 13) for details.

The TLV3544-Q1 topology enhances its ability to drive capacitive loads. In unity gain, these op amps perform
well with large capacitive loads. Refer to the typical characteristic curves, Recommended Rg vs Capacitive Load
(K 14) and Frequency Response vs Capacitive Load (& 15) for details.

One method of improving capacitive load drive in the unity-gain configuration is to insert a 10-Q to 20-Q resistor
in series with the output, as shown in &l 35. This configuration significantly reduces ringing with large capacitive
loads—see the typical characteristic curve, Frequency Response vs Capacitive Load (R 15). However, if there is
a resistive load in parallel with the capacitive load, Rg creates a voltage divider. This voltage division introduces a
DC error at the output and slightly reduces output swing. This error may be insignificant. For instance, with R =
10 kQ and Rg = 20 Q, there is approximately a 0.2% error at the output.

V+
@)

ViNnO

Copyright © 2017, Texas Instruments Incorporated

[ 35. Series Resistor in Unity-Gain Configuration Improves Capacitive Load Drive
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7.3.9 Wideband Transimpedance Amplifier

Wide bandwidth, low input bias current, low input voltage, and current noise make the TLV3544-Q1 an ideal
wideband photodiode transimpedance amplifier for low-voltage single-supply applications. Low-voltage noise is
important because photodiode capacitance causes the effective noise gain of the circuit to increase at high
frequency.

The key elements to a transimpedance design, as shown in X 36, are the expected diode capacitance [including
the parasitic input common-mode and differential-mode input capacitance (2 + 2) pF for the TLV3544-Q1], the
desired transimpedance gain (Rg), and the Gain-Bandwidth Product (GBW) for the TLV3544-Q1 (100 MHz
typical). With these three variables set, the feedback capacitor value (Cg) may be set to control the frequency
response.
Ce

<1pF
(prevents gain peaking)

al

Re
10 MQ

VW

+V

A
KK % Cp [TLV3544 —OVour
. +

Copyright © 2017, Texas Instruments Incorporated

36. Transimpedance Amplifier

To achieve a maximally flat, second-order, Butterworth frequency response, the feedback pole must be set as
shown in % 1

1 = GBP
2nR.C. \ 47R.Cp 1)

Typical surface-mount resistors have a parasitic capacitance of approximately 0.2 pF that must be deducted from
the calculated feedback capacitance value. Bandwidth is calculated by = 2:

f =" GBP
e 21R:C, z ©)

For even higher transimpedance bandwidth, the high-speed CMOS OPA355 (200-MHz GBW) or the OPA655
(400-MHz GBW) may be used.

7.4 Device Functional Modes

The TLV3544-Q1 is powered on when the supply is connected. The devices can be operated as single-supply
operational amplifiers or dual-supply amplifiers depending on the application. The devices can also be used with
asymmetrical supplies as long as the differential voltage (V- to V+) is at least 1.8 V and no greater than 5.5 V
(example: V- setto —-3.5 V and V+ set to 1.5 V).

18 Copyright © 2017, Texas Instruments Incorporated


http://www.tij.co.jp/product/tlv3544-q1?qgpn=tlv3544-q1
http://www.tij.co.jp
http://www.ti.com/product/opa355
http://www.ti.com/product/opa655

13 TEXAS
INSTRUMENTS
TLV3544-Q1

WWW.tij.co.jp JAJSDX7 —OCTOBER 2017

8 Application and Implementation

x

/:

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

8.1 Application Information

The TLV3544-Q1 is a CMOS, rail-to-rail 1/0, high-speed, voltage-feedback operational amplifier designed for
video, high-speed, and other applications. The amplifier features a 100-MHz gain bandwidth, and 150-V/us slew
rate, but it is unity-gain stable and can be operated as a 1-V/V voltage follower.

8.2 Typical Application

Wide gain bandwidth, low input bias current, low input voltage, and current noise make the TLV3544-Q1 an ideal
wideband photodiode transimpedance amplifier. Low-voltage noise is important because photodiode capacitance
causes the effective noise gain of the circuit to increase at high frequency. The key elements to a
transimpedance design, as shown in & 37, are the expected diode capacitance, which include the parasitic input
common-mode and differential-mode input capacitance; the desired transimpedance gain; and the gain-
bandwidth (GBW) for the TLV3544-Q1 (20 MHz). With these three variables set, the feedback capacitor value
can be set to control the frequency response. Feedback capacitance includes the stray capacitance of, which is
0.2 pF for a typical surface-mount resistor.

C(H
<1pF

———F——

I
KI % Cp, |TLV3544 —OV,
* +

V(V-)
Copyright © 2017, Texas Instruments Incorporated

37. Dual-Supply Transimpedance Amplifier

8.2.1 Design Requirements
For this design example, use the parameters listed in 3k 2 as the input parameters.

£ 2. Design Parameters

PARAMETER EXAMPLE VALUE
Supply voltage, V(y+) 25V
Supply voltage, V., -25V

Copyright © 2017, Texas Instruments Incorporated 19
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C(r is optional to prevent gain peaking. C) includes the stray capacitance of R).

8.2.2 Detailed Design Procedure

To achieve a maximally-flat, second-order Butterworth frequency response, set the feedback pole using =% 3.

1 B GBW
2XTI.'XR”—:|>(C“—:| 4XT“‘R(F)XCED)

©)
Calculate the bandwidth using = 4.
f _ GBW
-3dB
l: ) 23'( TEXR(F-:]XC(D)
4

8.2.2.1 Optimizing the Transimpedance Circuit
To achieve the best performance, components must be selected according to the following guidelines:

1. For lowest noise, select R to create the total required gain. Using a lower value for R and adding gain after
the transimpedance amplifier generally produces poorer noise performance. The noise produced by R
increases with the square-root of R, whereas the signal increases linearly. Therefore, signal-to-noise ratio
improves when all the required gain is placed in the transimpedance stage.

2. Minimize photodiode capacitance and stray capacitance at the summing junction (inverting input). This
capacitance causes the voltage noise of the op amp to be amplified (increasing amplification at high frequency).
Using a low-noise voltage source to reverse-bias a photodiode can significantly reduce the capacitance. Smaller
photodiodes have lower capacitance. Use optics to concentrate light on a small photodiode.

3. Noise increases with increased bandwidth. Limit the circuit bandwidth to only that required. Use a capacitor
across the R to limit bandwidth, even if not required for stability.

4. Circuit board leakage can degrade the performance of an otherwise well-designed amplifier. Clean the circuit
board carefully. A circuit board guard trace that encircles the summing junction and is driven at the same voltage
can help control leakage.

8.2.3 Application Curve

105
100 =

95

90
85
80 \
75
70

Gain (dB, V&)

65

60
1000 10000 100000 1000000 1E+7  BE+7
Frequency (Hz)

K 38. AC Transfer Function
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9 Power Supply Recommendations

The TLV3544-Q1 is specified for operation from 2.5 V to 5.5 V (£1.25 to £2.75 V); many specifications apply from
—40°C to +125°C. Parameters that can exhibit significant variance with regard to operating voltage or
temperature are shown Typical Characteristics.

Place 0.1-uF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high
impedance power supplies. For more detailed information on bypass capacitor placement, see Layout
Guidelines.

10 Layout

10.1 Layout Guidelines

Good high-frequency printed-circuit board (PCB) layout techniques must be employed for the TLV3544-Q1.
Generous use of ground planes, short and direct signal traces, and a suitable bypass capacitor located at the V+
pin assure clean, stable operation. Large areas of copper also provides a means of dissipating heat that is
generated in normal operation.

TI does not recommend using sockets with any high-speed amplifier.

A 10-nF ceramic bypass capacitor is the minimum recommended value; adding a 1-uF or larger tantalum
capacitor in parallel can be beneficial when driving a low-resistance load. Providing adequate bypass
capacitance is essential to achieving very low harmonic and intermodulation distortion.

10.2 Layout Example

Place components

Run the input traces  close to device and to
as far away from each other to reduce
the supply lines parasitic errors W5+
as possible RF :

i NIC
1
5 [ (S
! ] T
| Ve - 1] $ {) GND
| [ |
- OUTPUT
1
|
I NIC Use low-ESR, ceramic

) 1 : bypass capacitor

i i |

1 1 n

] i

] 1

1 ]

1 |

Use lowESR, | _ﬁf'_JE_J | VS VOUT
ceramic bypass Ground (GND) plane cn another layer
capacitor

39. Operational Amplifier Board Layout for Noninverting Configuration

10.3 Power Dissipation

Power dissipation depends on power-supply voltage, signal and load conditions. With DC signals, power
dissipation is equal to the product of output current times the voltage across the conducting output transistor,
Vs — V. Power dissipation can be minimized by using the lowest possible power-supply voltage necessary to
assure the required output voltage swing.

For resistive loads, the maximum power dissipation occurs at a DC output voltage of one-half the power-supply
voltage. Dissipation with AC signals is lower. AB-039 Power Amplifier Stress and Power Handling Limitations
explains how to calculate or measure power dissipation with unusual signals and loads, and can be found at
www.ti.com.
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Power Dissipation (continued)

Any tendency to activate the thermal protection circuit indicates excessive power dissipation or an inadequate
heatsink. For reliable operation, junction temperature must be limited to 150°C, maximum. To estimate the
margin of safety in a complete design, increase the ambient temperature until the thermal protection is triggered
at 160°C. The thermal protection should trigger more than 35°C above the maximum expected ambient condition
of the application.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TLV3544QPWRQ1 Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 3544Q1
TLV3544QPWRQ1.B Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 3544Q1

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

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

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer: The information provided on this page represents TI'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. TI 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.

OTHER QUALIFIED VERSIONS OF TLV3544-Q1 :
o Catalog : TLV3544
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QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TLV3544QPWRQ1 TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLV3544QPWRQ1 TSSOP PW 14 2000 353.0 353.0 32.0

Pack Materials-Page 2



PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWOO014A

SMALL OUTLINE PACKAGE

\ 12X
e
-
I 2X
—
I
1 4X (0°-127)
—t a
= |
. :
. 0.30 T
- Mo 12 MAXL
43 [ [01@ [c|A[B] '

NOTE 4

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220202/B 12/2023

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

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

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N
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PWOO014A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

[N
N
X
BelCinE
N
a1
N
J

1]

SYMM

=
1)

L

(5.8) !

LAND PATTERN EXAMPLE

SOLDER MASK
OPENINGWL

/

EXPOSED METAL SHOWN
SCALE: 10X

METAL UNDER
SOLDER MASK\

EXPOSED METALJP

#Lf 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

JL* 0.05 MIN
ALL AROUND
SOLDER MASK

DEFINED
SOLDER MASK DETAILS

(R0.05) TYP
e

SOLDER MASK
OPENING

I
|
J |\ .\J!EXPOSED METAL

4220202/B 12/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWO0O014A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

e

14X (1.5) SYMM
i j | T ¢ (R0.05) TYP
0 | | e
|
|
|
.
|
|
|
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220202/B 12/2023

NOTES: (continued)

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

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