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5 Pin Configuration and Functions
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Pin Functions

PIN
e NO. I/0 DESCRIPTION
D, J, N, or W FK
1IN+ 3 4 I Non-inverting input, Channel 1
1IN- 2 3 I Inverting input, Channel 1
10UT 1 2 (0] Output, Channel 1
2IN+ 5 8 I Non-inverting input, Channel 2
2IN—- 6 9 I Inverting input, Channel 2
20UT 7 10 (0] Output, Channel 2
3IN+ 10 14 I Non-inverting input, Channel 3
3IN- 9 13 I Inverting input, Channel 3
30UT 12 (0] Output, Channel 3
4IN+ 12 18 I Non-inverting input, Channel 4
4IN—- 13 19 I Inverting input, Channel 4
40UT 14 20 (0] Output, Channel 4
Vpp+ 4 6 — Paositive (highest) supply
Vpp— 11 16 — Negative (lowest) supply
Vpp—/GND — — — Negative (lowest) supply
NC — 1,5,7 11,15, 17 — No connection
4 Copyright © 2017, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings
over operating ambient temperature range (unless otherwise noted)®

MIN MAX UNIT
Supply voltage, Vpp+® 8 \Y
Vpp—? -8 v
Differential input voltage, V,p® +16 \Y
Input voltage, V, (any input)® Vpp- - 0.3 Vpp+ \Y
Input current, I, (any input) +5 mA
Output current, lg +50 mA
Total current into Vpp+ +50 mA
Total current out of Vpp— +50 mA
Duration of short-circuit current at (or below) 25°C®) Unlimited
Operating ambient temperature range, Tp -55 125
Storage temperature, Tgyg —65 150 °C

)

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
®3)
4)

rating is not exceeded.

6.2 ESD Ratings

All voltage values, except differential voltages, are with respect to the midpoint between Vpp+ and Vpp—.
Differential voltages are at IN+ with respect to IN—. Excessive current will flow if input is brought below Vpp—— 0.3 V.
The output may be shorted to either supply. Temperature or supply voltages must be limited to ensure that the maximum dissipation

VALUE UNIT
Human-body model (HBM), per AEC . .
o Qloo_ooz(l}’ Devices in D packages +2000
VEsp) Electrostatic discharge ch d-devi del (CDM) \%
arged-device mode , per . .
AEC Q100-011 Devices in D packages +1000
(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
MIN MAX UNIT
Vppt Supply voltage +2.2 +8 \%
V, Input voltage Vpp— Vppt - 1.5 \%
Vic Common-mode input voltage Vpp— Vppt - 1.5 \%
Ta Operating ambient temperature -55 125 °C
6.4 Thermal Information
TLC2274AM-MIL
THERMAL METRIC® D (SOIC) J (CDIP) FK (LCCC) N (PDIP) W (CFP) UNIT
14-PIN 14-PIN 20-PIN 14-PIN 14-PIN
Roja Junction-to-ambient thermal resistance ) 115.6 — — — °CIW
Roacitop) Junction-to-case (top) thermal resistance @® 61.8 16.2 18 121.3 °C/W
Ross Junction-to-board thermal resistance 55.9 — — — °CIW
T Junction-to-top characterization parameter 14.3 — — — °CIW
Vi Junction-to-board characterization parameter 55.4 — — — °CIW
Roacbot) Junction-to-case (bottom) thermal resistance — — — 8.68 °C/IW
(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
(2) Maximum power dissipation is a function of Tjmax), Resa, @and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (Tymax) = Ta) / Rega- Operating at the absolute maximum T; of 150°C can affect reliability.
(3) The package thermal impedance is calculated in accordance with JESD 51-7 (plastic) or MIL-STD-883 Method 1012 (ceramic).

Copyright © 2017, Texas Instruments Incorporated
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6.5 Electrical Characteristics Vpp =5V
at specified ambient temperature, Vpp = 5 V; T = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vic=0V, Vpp: =25V Ta=25°C 300 950
V Input offset voltage 1c ' Db ’ \%
© P 9 Vo=0V,Rs=500Q T, = -55°C to 125°C 1500 "
Temperature coefficient of _ _ _ _ o
avio input offset voltage Vic =0V, Vpps =25V, Vo =0V, Rg = 50 Q 2 uv/°C
Input offset voltage long-term drift® | Vic =0V, Vpps =425V, Vo =0V, Rg = 50 Q 0.002 uVv/mo
Vic=0V, Vpp. =+25V Ta=25°C 0.5 60
| Input offset current Ic ' DD ’ A
0 P Vo=0V,Rs =500 Tp = -55°C to 125°C soo| P
) Vic =0V, Vpp: = £25 V. Ta=25°C 1 60
| Input bias current jc= > bb: ' pA
® Vo=0V,Rs=500Q T, = -55°C to 125°C 800
_ Ta=25°C -0.3 25 4
Vicr Common-mode input voltage Rs=50Q; |[Vio | £5mV \%
Ta =-55°C to 125°C 0 25 35
lon = =20 pA 4.99
Ta=25°C 4.85 4.93
) lon = —200 pA
VoH High-level output voltage Ta =-55°C to 125°C 4.85 \%
Ta=25°C 4.25 4.65
lon = -1 MA
Ta =-55°C to 125°C 4.25
loL = 50 pA 0.01
Tp=25°C 0.09 0.15
loL = 500 pA
Vo Low-level output voltage Vic=25V Ta =-55°C to 125°C 0.15 \
Ta=25°C 0.9 15
lo. =5 mMA
Ta =-55°C to 125°C 15
L ianal diff ial Vic=25V,Vo=1Vto4V, Ta=25°C 15 35
arge-signal differentia R, =10 kQ® g N
Avo voltage amplification - Ta = -55°C t0 125°C 15 Vimv
Vic=25V,Vg=1Vto4V;R =1MQ® 175
fig Differential input resistance 10'2 Q
ri Common-mode input resistance 10'2 Q
[ Common-mode input capacitance f =10 kHz, P package 8 pF
Z, Closed-loop output impedance f=1MHz, A, =10 140 Q
_— . Vic=0Vto27V Ta=25°C 70 75
CMRR Common-mode rejection ratio 1c ! dB
) Vo=25V,Rs=50Q Ta = -55°C to 125°C 70
K Supply-voltage rejection ratio Vpp=4.4V 1016V, Ta=25°C 80 95 dB
SVR (AVpp / AVi0) Vic = Vpp / 2, no load Ta =-55°C to 125°C 80
Ta = 25°C 44 6
Ibp Supply currrent Vo =2.5V, no load mA
Ta = -55°C to 125°C 3
N Vo=05Vto25V Ta=25°C 2.3 3.6
SR Slew rate at unity gain o ’ Vius
o RL =10 kQ®, C_ =100 pF® Ta=-55°C to 125°C 17 "
) ) ) f=10 Hz 50
A Equivalent input noise voltage nV/Hz
f=1kHz 9
v Peak-to-peak equivalent f=0.1Hzto1Hz 1 v
NPP input noise voltage f=0.1 Hz to 10 Hz 1.4 H
In Equivalent input noise current 0.6 fARHZ
Ay=1 0.0013%
N ) Vo=05V1t025YV, Z 9
THD+N Total harmonic distortion + noise f = 20 kHz, R, = 10 kQ® Ay =10 0.004%
Ay =100 0.03%
Gain-bandwidth product f=10kHz, R_ = 10 kQ®, C_ = 100 pF® 2.18 MHz
Bom Maximum output-swing bandwidth Vopey =2V, Ay =1, R = 10 kQ®, C_ =100 pF® 1 MHz
= = (&) To 0.1% 1.5
ts Settling time ';\V _1’ R =10 kQ™, _ @ us
tep =0.5Vto 25V, C_ =100 pF T0 0.01% 26

(1) Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T = 150°C extrapolated to
Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

@)

Referenced to 0 V.

6
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Electrical Characteristics Vpp =5V (continued)

at specified ambient temperature, Vpp =5 V; T, = 25°C, unless otherwise noted.

Copyright © 2017, Texas Instruments Incorporated

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Om Phase margin at unity gain R. = 10 kQ®, C, =100 pF® 50 °
Gain margin R, = 10 kQ®, C, =100 pF® 10 dB
7


http://www.ti.com/product/tlc2274am-mil?qgpn=tlc2274am-mil
http://www.ti.com

TLC2274AM-MIL

JAJSDIO —JUNE 2017

13 TEXAS
INSTRUMENTS

www.ti.com

6.6 Electrical Characteristics Vppt =5V
at specified ambient temperature, Vppt = +5 V; T, = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vic=0V,Vo=0V Ta=25°C 300 950
V Input offset voltage 1c ' Y0 ' \%
10 P 9 Rs =50 Q Ta = -55°C to 125°C 1500 "
Temperature coefficient of _ _ _ o
@vio input offset voltage Vie=0V,Vo=0V,Rs=50Q 2 uvree
Input offset voltage long-term drift Vic=0V,V5=0V,Rs=50Q 0.002 puv/mo
Vic=0V,Vo=0V Ta=25°C 0.5 60
| Input offset current Ic 1 Y0 ’ A
0 P Rs =50 Q T, = —55°C to 125°C goo| "
i Vic=0V,Vo=0V Ta=25°C 1 60
| Input bias current e o v o ' pA
® Rs=500Q T, = -55°C to 125°C 800
. Ta=25°C -5.3 0 4
Vicr Common-mode input voltage Rs=50Q; |[Vio | £5mV \%
Ta =-55°C to 125°C -5 0 35
lo =—20 pA 4.99
o = 200 A Ta = 25°C 485 493
Vourt Maximum positive peak (ol Th = —55°C t0 125°C 4.85 v
output voltage
Ta=25°C 4.25 4.65
lo=-1mA
Ta =-55°C to 125°C 4.25
lo = 50 pA -4.99
| 500 uA Tp=25°C —4.85 —-4.91
Maximum negative _ o= u _ _ceo o
Vow— peak output voltage Vic=0V, T =-55°C to 125°C -4.85 v
Ta=25°C -35 4.1
lo=5mA
Ta =-55°C to 125°C -35
v AV R =10 kO Ta=25°C 20 50
Large-signal differential o=4 ViR = _ o B
Avo voltage amplification Ta = -55°C t0 125°C 20 Vimv
Vo=#4V; R =1MQ 300
fig Differential input resistance 10'2 Q
ri Common-mode input resistance 10'2 Q
[ Common-mode input capacitance f =10 kHz, P package 8 pF
Z, Closed-loop output impedance f=1MHz, A, =10 130 Q
L ) V-=-5Vt027V Ta=25°C 75 80
CMRR Common-mode rejection ratio 1c ’ dB
! Vo=0V,Rs=50Q Ta = -55°C to 125°C 75
K Supply-voltage rejection ratio Vpp+ =2.2V 10 8V, Ta=25°C 80 95 dB
SVR (AVpp / AVi0) Vic =0V, no load Ta =-55°C to 125°C 80
! Suppl t Vo =0V, no load Ta=25%C 48 1 ma
upply currren =0V, no loa m
eP © T =—55°C to 125°C 6
. ) Vo =423V, Ta=25°C 2.3 3.6
SR Slew rate at unity gain o ! V/us
o Ry =10 kQ, C, =100 pF Ta =-55°C to 125°C 1.7 "
) ) ) f=10 Hz 50
A Equivalent input noise voltage nV/Hz
f=1kHz 9
v Peak-to-peak equivalent f=0.1Hzto1Hz 1 v
NPP input noise voltage f=0.1 Hz to 10 Hz 1.4 H
In Equivalent input noise current 0.6 fARHZ
Av=1 0.0011%
THD+N Total harmonic distortion + noise Vo =#23, Ay =10 0.004%
f=20kHz, R_ = 10 kQ v i
Ay =100 0.03%
Gain-bandwidth product f=10 kHz, R_ =10 kQ, C_ = 100 pF 2.25 MHz
Bom Maximum output-swing bandwidth Vope) =4.6 V, Ay =1, R =10 kQ, C,_ =100 pF 0.54 MHz
=_ = To 0.1% 15
ts Settling time Av _1’ R =10kQ, _ us
Step =-2.3Vto 2.3V, C_= 100 pF T0 0.01% 3.2
Pm Phase margin at unity gain R_ =10 kQ, C_ = 100 pF 52 °
Gain margin R =10kQ, C_ =100 pF 10 dB
8 Copyright © 2017, Texas Instruments Incorporated
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6.7 Typical Characteristics

Table 1. Table of Graphs

FIGURE®
Vio Input offset voltage Distribution 1.2
vs Common-mode voltage 3,4
ayvio Input offset voltage temperature coefficient Distribution 5,6@
lig o Input bias and input offset current vs Ambient temperature 7@
vs Supply voltage 8
\ Input voltage -
vs Ambient temperature 9@
VoH High-level output voltage vs High-level output current 10@
VoL Low-level output voltage vs Low-level output current 11, 12@
Vom+ Maximum positive peak output voltage vs Output current 13@
Vowm- Maximum negative peak output voltage vs Output current 14@
Vorr) Maximum peak-to-peak output voltage vs Frequency 15
los Short-circuit output current v Sup?Iy voltage 16
vs Ambient temperature 17@
Vo Output voltage vs Differential input voltage 18, 19
Large-signal differential voltage amplification vs Load resistance 20
Avp Large-signal differential voltage amplification and phase margin vs Frequency 21,22
Large-signal differential voltage amplification vs Ambient temperature 233, 24
Zo Output impedance vs Frequency 25, 26
CMRR Common-mode rejection ratio v Freq.uency 27
vs Ambient temperature 28
ksvr Supply-voltage rejection ratio v Freq.uency 29, 30
vs Ambient temperature 31@
oo Supply current vs Supply voltage @ 320
vs Ambient temperature @ 330
vs Load Capacitance 34
SR Slew rate -
vs Ambient temperature 350
Inverting large-signal pulse response 36, 37
Vo Voltage-follower large-signal pulse response 38, 39
Inverting small-signal pulse response 40, 41
Voltage-follower small-signal pulse response 42,43
Vi Equivalent input noise voltage vs Frequency 44, 45
Noise voltage over a 10-second period 46
Integrated noise voltage vs Frequency 47
THD+N Total harmonic distortion + noise vs Frequency 48
Gain-bandwidth product v Sup?Iy voltage 49
vs Ambient temperature 50
®m Phase margin vs Load capacitance 51
Gain margin vs Load capacitance 52

(1) For all graphs where Vpp =5V, all loads are referenced to 2.5 V.
(2) Data at high and low temperatures are applicable only within the rated operating ambient temperature ranges of the various devices.

Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com/product/tlc2274am-mil?qgpn=tlc2274am-mil
http://www.ti.com

TLC2274AM-MIL

JAJSDIO —JUNE 2017

13 TEXAS
INSTRUMENTS

www.ti.com

20 T 7 T
992 Amplifiers From
2 Wafer Lots
Vpp =425V
ES
. 15
e
2
&
o
]
< 10
3]
[
(=2
S
c
[
e
2 I
0 -"‘-'—’JI -I'L.-H-.
-1.6 -1.2 -08 -04 0 04 08 12 16

Vio - Input Offset Voltage - mV
Figure 1. Distribution of Input Offset Voltage

Percentage of Amplifiers - %

20

T T T
992 Amplifiers From
2 Wafer Lots
Vpp =5V

15

10

0 st
-16 -1.2 -08 -04 0 04 08 12 16
Vio - Input Offset Voltage - mV

Figure 2. Distribution of Input Offset Voltage

1

0.5

-0.5

V| ~ Input Offset Voltage - mV
o

-1

T
Vpp =5V
Ta =25°C
Rg=50Q
U
//
1/
-1 0 1 2 3 4 5

V|c - Common-Mode Voltage - V
Figure 3. Input Offset Voltage vs Common-Mode Voltage

Figure 4. Input Offset Voltage vs Common-Mode Voltage

1 T 1
Vpp =5V
Ta = 25°C

E Rg=50Q
= o0s i
Q
o
§ /
o
S
8, —
(7]
£
o ///
2 T
£
1
o -05
>

-1

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5
V|c - Common-Mode Voltage - V

25

25
T T T T T T T T
128 Amplifiers From 128 Amplifiers From
2 Wafer Lots 2 Wafer Lots
20 — Vpp =+2.5V | 20 Vpp =+2.5V |
N N Package N N Package
1 r Ta =25°C to 125°C 1 Ta =25°C to 125°C
[ [
g 8
& E
£ 15 = 15 | =
£ £
< <
s s
S 10 S 10
© ©
5 I ; £
[ [
I~ e
] ]
[ & 5
ol =l oL I—' 1
-5 -4 -3 -2 -10 1 2 3 4 5

ayjo — Temperature

Coefficient - pv/°C

Figure 5. Distribution vs
Input-Offset-Voltage Temperature Coefficient

-5 -4 -3 -2 -10 1 2 3 4 5
ay|o — Temperature Coefficient - uV/°C
Figure 6. Distribution vs
Input-Offset-Voltage Temperature Coefficient

10

Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com/product/tlc2274am-mil?qgpn=tlc2274am-mil
http://www.ti.com

13 TEXAS

INSTRUMENTS TLC2274AM-MIL
www.ti.com JAJSDIO —JUNE 2017
<°_ 12 T
38 T TA =25°C
@ Vpp =+2.5V 10 Rg=500
g Vic=0V 8
£ 30Fvo=ov
8 Rs =50 Q / 6 - /
[
g * // T 4 —
- ]
] o /
,_g- 20 % 2 ——
2 [} // Z 0 IViol =5mV
o 15 2
8 £ -2
b o ! ——
2 10 s 4
1 -6
; /
R L~ -8 \\
-g | /
- e m— 10
o 9 -
25 45 65 85 105 125 2 3 4 5 6 7 8
Ta - Free-Air Temperature - °C IVDD +| = Supply Voltage - V
Figure 7. Input Bias and Input Offset Current vs Figure 8. Input Voltage vs Supply Voltage

Ambient Temperature

5 : : 6
Vpp=5V Vpp=5V
4 T 5
cé, §§
> 3 § 4 N
1
3 H N\
8 [Viol < 5mV £ Ta =125°C
g 2 o 3 |
= s \ !
5 3 Ta =25°C
£ 1 r ) | \
] 'g., 2 i
= T Tp =-55°C
I
0 o
| C
; NN 0
-75 -50 -25 0 25 50 75 100 125 0 1 2 3 4

Ta - Free-Air Temperature - °C loH — High-Level Output Current - mA

Figure 9. Input Voltage vs Ambient Temperature Figure 10. High-Level Output Voltage vs
High-Level Output Current

1.2 1.4 v 5V
Vpp=5V DD =
Ta = 25°C Vic=25V
1 / 12 //
Vic=0V 7/ / 1 /
0.8 / TA=125°C — /

Vic=1.25V / > 7
/ /
0.4 / /

a
0.8 Ta=25°C %’/ /
o Z AN
)/

VoL~ Low-Level Output Voltage - V
VoL ~ Low-Level Output Voltage - V

. /o
Ta =-55°C
/// — Vic=25V | 04 é
/
0.2 L 0.2 //
0 0
0 1 2 3 4 5 0 1 2 3 4 5 6
loL - Low-Level Output Current - mA loL — Low-Level Output Current - mA
Figure 11. Low-Level Output Voltage vs Figure 12. Low-Level Output Voltage vs
Low-Level Output Current Low-Level Output Current

Copyright © 2017, Texas Instruments Incorporated 11


http://www.ti.com/product/tlc2274am-mil?qgpn=tlc2274am-mil
http://www.ti.com

TLC2274AM-MIL

JAJSDIO —JUNE 2017

13 TEXAS
INSTRUMENTS

www.ti.com

> 5 :
1 Vppx=x5V
Q

g

3 \\

>

5 4 N

g

3 TA="- 55°c\¥¥\

Xx I }

3 TA=25°C J‘\

o |

2 3 |

9 TA=125C —#

o

£

3

E 2

x

©

=

1

+

3

1

> 0 1 2 3 4 5

|lol — Output Current - mA
Figure 13. Maximum Positive Peak Output Voltage vs
Output Current

’ VDD=‘i5V /
Vic=0V
» A
Ta =125°C /
7/ e
//

-4.2 ‘

' T, =T::°j:5°c %
-48 //

0 1 2 3 4 5 6

Vom - - Maximum Negative Peak Output Voltage - V
1
-y
»

lo — Output Current - mA

Figure 14. Maximum Negative Peak Output Voltage vs
Output Current

10 T T T
R =10 kQ
9 Ta =25°C

L

]

0
10k 100 k 1™ 10M

f - Frequency - Hz
Figure 15. Maximum Peak-to-Peak Output Voltage vs

VO(PP) = Maximum Peak-to-Peak Output Voltage - V
/

16 I I
V|p =-100 mV

E ID

12
1
€ /
3
a 8
5
g
3 4
z
S
S 0
E V|p =100 mV
%) \\ -
| \\\
»w -
o Vo=0V

TA=25°C
-8 |
2 3 4 5 6 7 8

|VDD +| — Supply Voltage - V
Figure 16. Short-Circuit Output Current vs Supply Voltage

Frequency
15 Vezov 5 T

0= Vpp=5V
< ~— Vpbp =5V Ta =25°C
£ Vip =-100 mV T~ R =10 kQ
‘,IE 1 4f Vic=25V
[ \ >
5 1
o )
5 7 2 3 ]
2 2
H S L —
o} 5 [y
= Qo
=3 -
g -3 5 r-
g vz
5 L
®
1 -1 1
® V|p = 100 mV
o 1D =78 m /

-75 -50 -25 0 25 50 75 100 125
TA - Free-Air Temperature - °C

Figure 17. Short-Circuit Output Current vs
Ambient Temperature

-800 -400 0 400 800 1200
V|p - Differential Input Voltage - pV

Figure 18. Output Voltage vs Differential Input Voltage

12

Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com/product/tlc2274am-mil?qgpn=tlc2274am-mil
http://www.ti.com

13 TEXAS
INSTRUMENTS

www.ti.com

TLC2274AM-MIL

JAJSDIO —JUNE 2017

5
Vpp=%5V
Ta=25°C
RL =10 kQ
3 Vic=0V
1 __J
/’-—’—'

i

_3 /
-5
-1000 -750 -500 -250 0 250 500 750 1000
V|p - Differential Input Voltage - uV

Figure 19. Output Voltage vs Differential Input Voltage

Vo - Output Voltage - V

1000 ——=
P+
E Vo=t1V
— Ta=257C o
© T 4
£3 100 T
S T =
£ =
EE Vpp=+5V > ’,/
- ® ay%
c O
5 10 hd
.“3 E' /7= Vpb=5V
O 7
5 /
4 g Vil
1 3 4
L L/
< /7
717
/
4
0.1
0.1 1 10 100

RL - Load Resistance - kQ

Figure 20. Large-Signal Differential Voltage Amplification vs
Load Resistance

80

Voo =5V 180
N RL =10 kQ
60 CL=100pF {435
= Ta=25°C
29 NG
E 1 o c
Y \ 90 £
532 o
- ® =
T O @
SE 20 N AN PO
® g &
¢ < '
= 0
g% o SN\ e £
1 =
ng
<>>
-20 -45°
-40 -90°
1k 10k 100 k 1M 10M

f - Frequency - Hz
Figure 21. Large-Signal Differential Voltage Amplification
and Phase Margin vs Frequency

80

T )
Vpp=+5V 180
N RL =10 kQ
60 CL=100 pF ] 135°
= Ta =25°C
£ \\ A
2 1 o i
gs o
% 8 \ =
5E 20 AN a5 B
% 2 £
£ o
7 2 \ \ :
- O
38 o ™ 0 £
T2
oo
g3
< 2 a5
-40 -90°
1k 10 k 100 k 1M 10M

f - Frequency — Hz
Figure 22. Large-Signal Differential Voltage Amplification
and Phase Margin vs Frequency

1k T T T
Vpp=5V ]
Vic=25V ]
Vo=1Vto4V
s> d
t E
e > \
Q 1
£ c
5o RL=1MQ |
5§ ~~
5 & 100
s
1
3%
L8
<§§ R =10 kQ
\
10

-75 =50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature - °C
Figure 23. Large-Signal Differential Voltage Amplification vs
Ambient Temperature

1k T T
Vpp=%5V ]
< Vic=0V ]
Vo=+4V |
T >
£ E I
S =
- RL =1MQ ™~
E.E \
53
5 £ 100
® 3
5%
3 [}
T8 RL =10 kQ
3]
<>
10

-75 =50 -25 0 25 50 75 100 125
Ta - Free-Air Temperature - °C
Figure 24. Large-Signal Differential Voltage Amplification vs
Ambient Temperature

Copyright © 2017, Texas Instruments Incorporated

13


http://www.ti.com/product/tlc2274am-mil?qgpn=tlc2274am-mil
http://www.ti.com

TLC2274AM-MIL

JAJSDIO —JUNE 2017

13 TEXAS
INSTRUMENTS

www.ti.com

1000
Vpp=5V
Ta=25°C
c 100
1 /
[
g Av=100 | A
T
[
o
£ 10 /
2 Ay =10
s
o
1
e /
Ay =1
0.1
100 1k 10k 100 k 1™

f - Frequency - Hz
Figure 25. Output Impedance vs Frequency

1000 :
Vpp=#5V
Ta = 25°C
c 100 7
1
8 -
< =
g Ay =100
g
E 10 / /
= /
g
3 Ay =10
1
A A
Av=1 /
0.1
100 1k 10k 100 k 1™

f - Frequency - Hz
Figure 26. Output Impedance vs Frequency

100 T
@ Ta = 25°C
T V) 5V
1 =+
2 bp !
s 80 ‘
o
5 [veoesv %
s AN
o
T 60 N
o
[
o
= \
é 40 N
£ \
£
G
o
1 20
© \
o
=
o
0

10 100 1k 10k 100k 1M 10M
f - Frequency - Hz
Figure 27. Common-Mode Rejection Ratio vs Frequency

20

m

©

1

2

5 86

['4

c

2

kil

S 82 3

I \\ Vpp =+5V

A —— |

Vic=-5Vto2.7V

§ IC \\
T 78

g

4
5 T Vpp=5V
S —
o Vic=0Vto27V i
['4
=
(8]
70

-75 =-50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature - °C

Figure 28. Common-Mode Rejection Ratio vs
Ambient Temperature

100 :

Vpp=5V
\ \ Ta =25°C
80 \\
0 N \
\ 3 kSVR+
40 \ \

N

" ksVR- \\\

ksVR — Supply-Voltage Rejection Ratio - dB

-20
10 100 1k 10k 100k 1M 0M

f - Frequency - Hz

Figure 29. Supply-Voltage Rejection Ratio vs Frequency

100

T
"\ \ Vpp=+5V
Ta = 25°C
80 \ \

LN
) \ \svm

20

ksvR — Supply-Voltage Rejection Ratio - dB
x
2_ 4
7
1
e

=20
10 100 1k 10k 100k 1™ 10M

f - Frequency - Hz

Figure 30. Supply-Voltage Rejection Ratio vs Frequency

14

Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com/product/tlc2274am-mil?qgpn=tlc2274am-mil
http://www.ti.com

13 TEXAS

INSTRUMENTS TLC2274AM-MIL
www.ti.com JAJSDIO —JUNE 2017
110 T T T 6 T
o xDD:;v:z.zvm:sv xo:o:’/
0= o Loa
' o
2 —
3 105 < 4.8 — =
5 v // :‘:////
E=] - — % —]
2 100 S 36 / (—ﬁ(
2 g 3 - Ta =25°C
o =]
g o \ \
8 2 - Ta=-55C
S o5 2 24 1
> @ - Ta =125°C
g. [=]
7 =
1 90 1.2
14
>
2
=
85 0
-75 -50 -25 0 25 50 75 100 125 o 1 2 3 4 5 6 7 8
Ta - Free-Air Temperature - °C IVDD + | - Supply Voltage - V
Figure 31. Supply-Voltage Rejection Ratio vs Figure 32. Supply Current vs Supply Voltage
Ambient Temperature
6 1 5 —
Vpp=+5V Vpp=5V
Vo=0V Ay=-1
TA =25°C
48 4
= ST
|E L Vpp=5V \ g \\\ SR -
% Vo=25V |\ = N
g 3.6 "” 3 N
3 g AN
> H
g o \
‘3 2.4 7] 2
1
1 ['4 SR+ \ \\
(=) (7]
2 N
1.2 1 N
N
\\
N
0 0
-75 -50 -25 0 25 50 75 100 125 10 100 1k 10 k
Ta - Free-Air Temperature - °C CL - Load Capacitance - pF
Figure 33. Supply Current vs Ambient Temperature Figure 34. Slew Rate vs Load Capacitance
5 5
‘ Vpp=5V
— R =10 kQ
——— SR- Cp =100 pF
4 4 Ta=25°C
— \\ E Ay=-1
;g- SR "’\\ ! [\/
Q
13 g 3
2 3
k] >
H 3
s g
3 s
14 1
(7] >O — r
1 Vpp =5V 1
R =10 kQ
Cp =100 pF
Ay =
0 ‘ : 0
-75 -50 -25 0 25 50 75 100 125 0o 1 2 3 4 5 6 7 8 9
Ta - Free-Air Temperature - °C t-Time - s
Figure 35. Slew Rate vs Ambient Temperature Figure 36. Inverting Large-Signal Pulse Response

Copyright © 2017, Texas Instruments Incorporated 15


http://www.ti.com/product/tlc2274am-mil?qgpn=tlc2274am-mil
http://www.ti.com

TLC2274AM-MIL

JAJSDIO —JUNE 2017

13 TEXAS
INSTRUMENTS

www.ti.com

5 5 T T
Vpp =5V Vpp=5V
4 R =10kQ RL =10kQ
Cp =100 pF CL =100 pF
3 TA=25°C 4t Ay =
> Ay =-1 > TA =25°C
1 2 \ !
[ Q
g g 3
s / \ s
¢ \ g
3 -1 / 3 2
1 1
L -2 Va 2
-3 1
-4 I
-5 0
0o 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
t-Time - pus t-Time - ps
Figure 37. Inverting Large-Signal Pulse Response Figure 38. Voltage-Follower Large-Signal Pulse Response
5 2.65 L
Vpp =5V Vpp=5V
4 R =10 kQ RL =10 kQ
Cp =100 pF CL =100 pF
3 Ta=25°C 2.6 Ta=25C
> Ay =1 > Ay =-1
| 2 | f\
[ ]
o o
£ 1 £ 255 i
s / \ s
5 0 / \ 5
& £
g - \ 3 25
1 1
R ] — \ o
-3 2.45
_4 \
-5 2.4
0 1 2 3 4 5 6 7 8 9 0 05115 2 25 3 354 45 5 55
t-Time -pus t-Time - ps
Figure 39. Voltage-Follower Large-Signal Pulse Response Figure 40. Inverting Small-Signal Pulse Response
100 2.65 ‘
Vpp=+5V Vpp=5V
RL =10 kQ RL =10 kQ
CL =100 pF CL =100 pF
TA=25°C 2.6 Tpo=25°C
z 50 \7 Ay =1 > Ay =1
1
]
@ o
g £ 255 A\
- o
S z
- 3
2 g
- 3
3 8 25
1
(]
£ 50 ~ =
\/ 245 v
-100 2.4
0 05 1 15 2 25 3 35 4 0 0.5 1 1.5
t-Time-pus t-Time - us
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Figure 42. Voltage-Follower Small-Signal Pulse Response
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Figure 45. Equivalent Input Noise Voltage vs Frequency
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7 Detailed Description

7.1 Overview

The TLC2274AM-MIL device is a rail-to-rail output operational amplifier. The device operates from a 4.4-V to 16-
V single supply or £2.2-V to £8-V dual supply, is unity-gain stable, and is suitable for a wide range of general-
purpose applications.

7.2 Functional Block Diagram

Vpbp+

| B i ”
IN- — | R5
[ —— r
‘ ! — - —
ot Qs < e > <
oo — —

Q13

L
T
I
L

I
Q2 Q5 Q7 Q8 Q10 Q1

R3 R4 R1 R2

VpD-

Table 2. Device Component Count®

COMPONENT COUNT
Transistors 76
Resistors 52
Diodes 18
Capacitors 6

(1) Includes both amplifiers and all ESD, bias, and trim circuitry.

7.3 Feature Description

The TLC2274AM-MIL device features 2-MHz bandwidth and voltage noise of 9 nV/VHz with performance rated
from 4.4 V to 16 V across a temperature range (-55°C to 125°C). LinMOS suits a wide range of audio,
automotive, industrial, and instrumentation applications.

7.4 Device Functional Modes

The TLC2274AM-MIL device is powered on when the supply is connected. The device may operate with single
or dual supply, depending on the application. The device is in its full-performance mode once the supply is above
the recommended value.
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8 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.

8.1 Application Information

8.1.1 Macromodel Information

Macromodel information provided was derived using MicroSim Parts™, the model generation software used with
MicroSim PSpice™. The Boyle macromodel © and subcircuit in Figure 53 were generated using the
TLC2274AM-MIL typical electrical and operating characteristics at T, = 25°C. Using this information, output
simulations of the following key parameters can be generated to a tolerance of 20% (in most cases):

e Maximum positive output voltage swing
e Maximum negative output voltage swing
» Slew rate

e Quiescent power dissipation

e Input bias current

e Open-loop voltage amplification

e Unity-gain frequency

« Common-mode rejection ratio

e Phase margin

e DC output resistance

e AC output resistance

e Short-circuit output current limit

Vcc+—o
RSS
RP
2
IN- —® <+
A op M‘ 92
IN+ —®
1 1
RD1
VAD
Vee-
VE out
SUBCKT TLC227x 12345 RD1 60 112.653E3
c1 11 1214E-12 RD2 60 122.653E3
c2 6 760.00E-12 RO1 8 550
DC 5 53DX R02 7 9950
DE 54 5DX RP 3 44 310E3
DLP 90 91DX RSS 10 99925.9E3
DLN 92 90DX VAD 60 4-5
DP 4 3DX VB 9 0DC 0
EGND 99 OPOLY (2) (3,0)(4,)0 5.5 VC 353DC .78
FB 99 OPOLY (5) VB VC VE VLP VLN 0 VE 54 4DC .78
+984.9E3 —1E6 1E6 1E6 —1E6 VLM 7 8DC 0
GA 6 01112 377.0E-6 VLP 91 0DC 1.9
GCM 0 6 10 99 134E-9 VLN 0 92DC 9.4
1SS 3 10DC 216.0E-6 'MODEL DX D (1S=800.0E~18)
HLIM 90 OVLIM 1K 'MODEL JX PJF (1S=1.500E-12BETA=1.316E-3
J1 11 210 JX +VT0=-.270)
J2 12 110 JX ENDS
R2 6 9100.0E3

Figure 53. Boyle Macromodel and Subcircuit

(1) Macromodeling of Integrated Circuit Operational Amplifiers, IEEE Journal of Solid-State Circuits, SC-9, 353 (1974).
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8.2 Typical Application

8.2.1 High-Side Current Monitor

VBAT

VOUT

47 kQ

ILOUD

Figure 54. Equivalent Schematic (Each Amplifier)

8.2.1.1 Design Requirements

For this design example, use the parameters listed in Table 3 as the input parameters.

Table 3. Design Parameters

PARAMETER VALUE
VAT Battery voltage 12V
Rsense Sense resistor 01Q
lLoaD Load current 0Ato10A
Operational amplifier Set in differential configuration with gain = 10

8.2.1.2 Detailed Design Procedure

This circuit is designed for measuring the high-side current in automotive body control modules with a 12-V

battery or similar applications. The operational amplifier is set as differential with an external resistor network.

8.2.1.2.1 Differential Amplifier Equations

Equation 1 and Equation 2 are used to calculate Vgyr.

R Ry 1[R1+R]
R,| Ry, R 2|lR, R
Vour = —| — 2 MtVe (V- Vy)
R R 2 R
1+ — 1+ —
R2 Ry
@
R _Rq 1[& R
Ry| Ry Ry 2|R, R
Vour = = —&—*Vear + xRs *lLoaq
R R, R,
1+ — 1+ —
R2 R2
@
In an ideal case R; = R and R, = Ry, and Vgyr can then be calculated using Equation 3:
v Ro  Rg I
= —X X
ouT R S ~ lLoad @)
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However, as the resistors have tolerances, they cannot be perfectly matched.

R]_:RiARl
RZZRzi'ARZ
R=R* AR
Ry = Ry AR,
Tolz%
R @)

By developing the equations and neglecting the second order, the worst case is when the tolerances add up.
This is shown by Equation 5.

Vout = = (4 Tol) Ry X Vgar +| 142 Tol| 14 —2R &XR x|
ouT — — R+R BAT - R+R R S 7~ 'LOAD

g TRy
where
e Tol=0.01for 1%
e Tol =0.001 for 0.1% 5)

If the resistors are perfectly matched, then Tol = 0 and Vg is calculated using Equation 6.
V, Rg Rg x|
= —X X
ouT =R s *lLoaD ©)
The highest error is from the common mode, as shown in Equation 7.
4 (Tol) Rg \
0 X VBAT
R+ Rg )
Gain of 10, Ry / R = 10, and Tol = 1%:
Common mode error = ((4 x 0.01) / 1.1) x 12V = 0.436 V
Gain of 10 and Tol = 0.1%:
Common mode error = 43.6 mV

The resistors were chosen from 2% batches.
R; and R 12 kQ
R, and Ry 120 kQ

Ideal Gain =120/12 =10
The measured value of the resistors:

R, = 11.835 kQ
R = 11.85 kQ

R, = 117.92 kQ
R, = 118.07 kQ
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8.2.1.3 Application Curves

1.2 12
1 10
S os s s
3] [}
[=2} [}
g g
S 06 S 6
2 2
3 o4 g 4
0.2 2
—— Measured —— Measured
— Ideal —— Ideal
0 0
0 0.2 0.4 0.6 0.8 1 1.2 0 2 4 6 8 10 12
Load Current (A) Load Current (A)
Figure 55. Output Voltage Measured vs Ideal Figure 56. Output Voltage Measured vs Ideal
(0Oto 1 A) (0to 10 A)

9 Power Supply Recommendations

Supply voltage for a single supply is from 4.4 V to 16 V, and from £2.2 V to £8 V for a dual supply. In the high-
side sensing application, the supply is connected to a 12-V battery.
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10 Layout

10.1

Layout Guidelines

The TLC2274AM-MIL device is a wideband amplifier. To realize the full operational performance of the device,
good high-frequency printed-circuit-board (PCB) layout practices are required. Low-loss 0.1-uF bypass capacitors
must be connected between each supply pin and ground as close to the device as possible. The bypass
capacitor traces should be designed for minimum inductance.

10.2

Layout Example

RIN

vin—A AN

"

+

VouT

RG
’:"\«’"‘f‘“‘\, -
|~
— RF
A
{Schematic Representation)
Place components
Run the input traces  dose to device and o
as far away from each ofher o reduce e
the supply lines parasific emors S+
as possible I {
\ : NC
oo —— T g="T~ | e=——— |
I [ ! = 1 ! -
1 GND O—AAS ! Ve | JI J| } & GhD
1
: 1 Lt 1
bovin O—Hy [ S — ouT 1‘%
I ! |
________________ ! Use low-ESR, ceramic
—F= ! NC )
I - | bypass capacitor
[ |
|
Only needed for : - @
dual-su!:}pry 1 J5— VOUT
operation ~ =™~ {or GND for single supply) Ground (GND) plane on ancther layer

Figure 57. Layout Example
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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 TI's views; see TI's Terms of
Use.

TIE2REMA T4 - X154 TINE2E ( Engineer-to-Engineer ) X1 =74, I TREOXLREE
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11.3 BEHE

E2E is a trademark of Texas Instruments.
MicroSim Parts, PSpice are trademarks of MicroSim.
All other trademarks are the property of their respective owners.
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11.5 Glossary

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

12 AHhZHb. Ryo—2, BLUEXER
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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 ©)
@ ©)
5962-9318202Q2A Active Production LCCC (FK) | 20 55| TUBE No SNPB N/A for Pkg Type -55to 125 5962-
9318202Q2A
TLC2274
AMFKB

5962-9318202QCA Active Production CDIP (J) | 14 25| TUBE No SNPB N/A for Pkg Type -55t0 125 5962-9318202QC
A
TLC2274AMJIB

5962-9318202QDA Active Production CFP (W) | 14 25| TUBE No SNPB N/A for Pkg Type -55t0 125 5962-9318202QD
A
TLC2274AMWB

TLC2274AMFKB Active Production LCCC (FK) | 20 55 | TUBE No SNPB N/A for Pkg Type -551t0 125 5962-
9318202Q2A
TLC2274
AMFKB

TLC2274AMFKB.A Active Production LCCC (FK) | 20 55| TUBE No SNPB N/A for Pkg Type -551t0 125 5962-
9318202Q2A
TLC2274
AMFKB

TLC2274AMJIB Active Production CDIP (J) | 14 25| TUBE No SNPB N/A for Pkg Type -55to 125 5962-9318202QC
A
TLC2274AMJB

TLC2274AMJB.A Active Production CDIP (J) | 14 25 | TUBE No SNPB N/A for Pkg Type -55t0 125 5962-9318202QC
A
TLC2274AMJB

TLC2274AMWB Active Production CFP (W) | 14 25| TUBE No SNPB N/A for Pkg Type -55t0 125 5962-9318202QD
A
TLC2274AMWB

TLC2274AMWB.A Active Production CFP (W) | 14 25| TUBE No SNPB N/A for Pkg Type -551t0 125 5962-9318202QD
A
TLC2274AMWB

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

@ | ead 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.
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MECHANICAL DATA

W (R—GDFP—F14) CERAMIC DUAL FLATPACK

Base and Seating Plane

0.260 (6,60)
0.045 (1,14) 0235 (5,97)
l’ 0.026 (0,66)

y 1 L 0.008 ozo)]:

| 0.080 (2,03 0.004 (0,10)
0.045 (1,14)
«—— 0.280 (7,11) MAX ——»]
0.019 (0,48)
1 14 0.015 (0,38)
4 N\
| | !
[ | |
0.050 (1,27)
[ | | |
0.390 (9,01) | | |
0.335 (8,51

| | | 0.005 (0,13) MIN

4 Places
[ | [ ] i

A
7 8
0.360 (9,14) 0.360 (9,14)
0.250 (6,35) 0.250 (6,35)

4040180-2/F 04/14

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

This drawing is subject to change without notice.

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

Falls within MIL STD 1835 GDFP1-F14
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GENERIC PACKAGE VIEW
FK 20 LCCC - 2.03 mm max height

8.89 x 8.89, 1.27 mm pitch LEADLESS CERAMIC CHIP CARRIER

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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GENERIC PACKAGE VIEW
J 14 CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE

JOO14A CDIP - 5.08 mm max height
CERAMIC DUAL IN LINE PACKAGE
PIN 11D Al 4X.005MIN
(OPTIONAL) [A] [0.13] ﬁ .81358;.(1)6502 TYP
1 } 1
12><ﬁ) {M } H J‘ ’ T
[2.54] 14X .014-.026
14X .045-.065 :
T {h } RS [0.36-0.66]
|9 [.010 [0.25][c[A[B]
754-.785
{ } [19.15-19.94]
7 { } 8
N Y
-245-.283 J —={ 2MAXTYP 13 MIN TYP
[6.22-7.19] [5.08] 23]
SEATING PLANE
T .308-.314
[7.83-7.97]
T GAGE PLANE
T 015 |GAGE PLANE

‘/ 0°-15°
TYP

[0.38]

»\\—r 14X .008-.014

[0.2-0.36]

4214771/A 05/2017

NOTES:

1. All controlling linear dimensions are in inches. Dimensions in brackets are in millimeters. Any dimension in brackets or parenthesis are for
reference only. Dimensioning and tolerancing per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This package is hermitically sealed with a ceramic lid using glass frit.

4. Index point is provided on cap for terminal identification only and on press ceramic glass frit seal only.

5. Falls within MIL-STD-1835 and GDIP1-T14.
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EXAMPLE BOARD LAYOUT
JOO14A CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

e (300 ) TYP
SEE DETAIL A A~ [7.62]
1! \ H @ V14
/

/SEE DETAIL B

\
/

N4 | N
S ‘ —
- @ - O
12X (.100 ) \ ‘
[2.54] | i
& | ©
e -
— — - + —
14X (B .039) ‘
"o | ©
|
© . ©
|
© ) O
SYMM
¢
LAND PATTERN EXAMPLE
NON-SOLDER MASK DEFINED
SCALE: 5X
002 MAX ﬂ (.063)
0.05 [1.6]
ALIE AR(])UND I METAL (®.063)
SOLDER MASK [1.6]
L~ OPENING
\METAL JL
/ 002 MAX
(R.002 ) TYP el S A [0.05]
[0.05] ALL AROUND
DETAIL A DETAIL B
SCALE: 15X 13X, SCALE: 15X
4214771/A 05/2017
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