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Op Amp in Over Current Protection Circuit
— Output swing limitation
— Input ESD steering diodes

Improve Thermal Performance Op Amp Circuit
— Power Dissipation Calculation
— Thermal Impedance and Junction Temperature
— Consider Protection Response Time, Signal Latency, Spike Signal Rise Time

« Amplifier Major Parameters in Current Sensing Application
— High Side Current Sensing Circuit Specifications
— Rshunt Calculation
— Offset Voltage and Drift
— Slew Rate and Bandwidth
— CMRR AC

TINA Tutorial
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Op Amp in Over Current Protection Circuit (OCP)
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Op Amp for OCP - Vout_swing Limitation

Reference Design of Output Short-Circuit Protection for TPS61088 10A Boost Converter

(PMP9779)

Vear 3V — 4.4V

EN

Boost Converter TPS61088

lour

N\

t Vsense W\' W\’

Vsense = | x Rs
VO is high, when Vsense > Vref.
Q2 turns on
Q1 turns off

Figure 1. Block Diagram of PMP9779

Output

I've got a extra, not used
channel of LM324 or

TLO74.

Can | use it as the OCP

comparator?
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Problems and Why

IOUT Y
—
e
S
2
ey
| 3
-— Q1
Rs /
3

[

Boost Converter TPS61088
Vear 3V - 4.4V 000 S
_— =
. ] .
EN l !
VCC = +15V
VEE =0V
Veer
- Vo_m3a1
TL331
+
VSENSE |_
J = AN

Figure 1. Block Diagram of PMP9779

Q2

* Problem:

When set the load current within
the normal operating range, the
OCP circuit is false triggered,

Q1 is off and no path for current
to flow.
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Problems and Why

EN

VCC = +15V
VEE =0V

II Q2

‘Vsmse A A A AN v

Figure 1. Block Diagram of PMP9779

13 TEXAS
INSTRUMENTS TLO71, TLO71A, TLO71B
TLO72, TLO72A, TLO72B, TL074, TLO74A, TL074B, TLO72M, TLO74M
www.ti.com SLOS080N —SEPTEMBER 1978 —REVISED JULY 2017

6.10 Electrical Characteristics: TL071C, TL072C, TL074C

cc: = £15 V (unless otherwise noted |
TEST CONDITIONS () @ MIN TYP  MAX| UNIT
V=0 Ta=25°C 3 10
vV, Input offset voltage o mV
'© P 9 Rs =50 0 Ta = Full range 13
« Temperature coefficient of Vpo=0 _ o
input offset voltage Rg =50 Q Ta = Fullrange 18 uvrec
Ta=25°C 5 100 pA
o Input offset current Vo=0
Ta = Full range 10 nA
Ta=25°C 65 200 A
s Input bias current (3 Vo=0 A P
Ta = Full range 7 nA
Ci -mode input volt: o
Vicr ronge e MPUVOTAGE | T, = 25°C 11 121015 v
Re= 10 kO Th=25°C T2 T13.5
Maximum peak output
V, . Rz 10 kQ +12 \%
oM voltage swing L Ta = Full range
Ri22kQ £10

Root cause:

Op Amp output swing limitation.
Output swing range from -40C
to +85C with Rload >= 2k-ohm
is VEE + 5V and VCC -5V.

Output swing shrinks with load
current increase. In Figure 6,
with 2k-ohm load at TA 25C,
output swing is +/-11.75V. 0.6k-
ohm load shows VOM of +/-10V.

+15 T T

Veee =415V
Ta=25°C

-V

g 125 [ See Figure 2
+-11.75 //
|
+10
//
7.5 /

5 /
2.5
( )

0
01 0.2 04 07 1 2 4 7 10

Vom ~ Maximum Peak Output

6
R, = Load Resistance = kQ
Figure 6. Maximum Peak Output Voltage vs Load [ENTS
Resistance



Tl Precision Labs —
Op Amps: Input and Output Limitations

» https://training.ti.com/ti-precision-labs-op-amps

VirtualBench Instrument Setup

™ - 7 - Sps/div, “Auto”
= acquisition

50kHz signal
frequency

DC coupled,
1x, 2V/div

9Vpp, OV
offset, 50%
symmetry
triangle wave

Set cursors to +1.5V
and -5.1V to show valid
common mode range.

Power supply +5V , 0.100A
enable/disable power supply
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Op Amp for OCP- Input Clamping Diode

VCC = +15V = ) PrObIemS . . .
VEE = OV Op Amp IC has high failure rate and is
Ve - Vo.nss: 2 op damaged after turning on power for a
, @ while.
A AN * Root cause:

Input clamping diode is conducting and

Figure 1. Block Diagram of PMP9779 ;
could be damaged without external

i . VREF
va | =/
VSENSE

+ VO
’_Oi ov » Time(s)

- current limiting resistor.
__________________ IR 2 X
: “: A
| ta a7 & !
\;\J N : 1?'}‘{ _\ A : |
ﬁv S S tay ! ;
A —1 | +-0.7V
: :
I |
I |
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Tl Precision Labs —
Op Amps: Electrical Overstress (EOS)

» https://training.ti.com/ti-precision-labs-op-amps

ted

o1}

[Simplified 5V LDO | / input overstress voltage Absorption Device Latchesl TVS Diode and Series Resistance

Simplified 5V LDO Unregulated s‘mpliﬁed:v DO
o

)
Supp Unregulated — — Gy
i 2av
§—]+ \ 143 m% I R,% I

+

- TVS limits supply
1% V' voltage and sinks

S

/

— “ current
x|~ Iy = (15 V= 0.7 V = 7V)11kQ T
ok B g D& Iy =7.3mA By N
gli:, . - ok 2] ok
™ 6. ) 1k0 9 ;
Overstress 5v Ao, | [ Vi Overstress  * aav- | | &o * ke
voltage — N, voltage VY 73ma

Absorption device
does not turn on

» 214 | 901 -
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Improve Thermal Performance of
Wide Voltage/ Dual Supply Op Amp
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+/-15V Op Amp Gain of 10 Circuit

2 9k
AN

(] L %]

/

4{ i
+

U1 TLO74
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Amplifier

ti.com/precisionlabs

Power dissipation calculation

Rg 1k Rf 3k
W AR
Vpos

Vin

Figure 52: Current and power dissipation for non-inverting amplifier

Non-inverting amplifier power dissipation for specific Vour

. = VO_UT (134) Current through load resistor

R
lew = Vour (135) Current through feedback network
*R:+R

F™lg

(136) Power dissipated inside op amp from
P_ = (Jla ]+ IFB“UVsup H VOUTU load current.
Vaup = Vpes if the amplifier is sourcing.
Vsup = Vieg if the amplifier is sinking.
Pq = (Vpos - Vneg) *lq (137) Total power from quiescent current
Pr=PF_+ PQ (138) Total power dissipated inside the op amp

Non-inverting amplifier maximum power dissipation

Analog Engineer’s Pocket Reference
https://www.ti.com/seclit/ml/slyw038c/slyw038c.pdf

Power Dissipation
Calculation
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Junction Temperature Calculation

L 2 2 2

VouT 10v
{

1\

TLO72 SOIC
- R2 9k
V+ 15 AAN
V- 15
Vout (V) 10 V-
lload (A) 2.00E-03 4 AN1  999.94uA
RT 1k -
10, per amp, max (A) 2.50E-03 AAA, 2] a2 998 S4uA
thermal resistance (C/W) 97 ™ b AP
TA, ambient temperature (C) 40 : ;.f‘f Riso 0
. U1 TLO74
PIC per amp(W) 0.075 =VIN1 i —= closd 100p § B M
POUT per amp (W) 1,00E-02 I ve
PD per amp (W) 0.085 1
TJ with dual-ch amp 56.49 : -+
PARAMETER TEST CONDITIONS " & MIN TYP  MAX| UNIT |

Supply current {each

lec amplifier)

Wi =0 no load

Th = 25°C

1.4

25

s

SPICE-based Sumulator

http://www.ti.com/tool/TINA-TI
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Reduce Heat,
Reduce Power,
Decrease Output Current

SW-SPDT3

R1 10k

Vin

B R4 1k

SW-SPDT1

TLO72 S01C
W+ 15
- 15
Vout (V) 10
SW-SPDT2 lload (A) 1.10E-03
10, per amp, max (A) 2.50E-03
Rzﬁ hg,.[}k thermal resistance (C/'W) a7
. TA, ambient temperature ( C ) 40
R3 9k
PIQ per amp(W) 0.075
POUT per amp (W) 5.50E-03
PD per amp (W) 0.0805
va T) with dual-ch amp 55.617
4 AM1 99.99uA
N 1 AM2 * 999.87uA VOUT 10V
| 2 v ‘
o Riso 0
U1 TLO74
—— Cload 100p § RL 10k
V+

14
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Reduce Heat,
Reduce Power, v o

Decrease Current Consumption Vo

lload (A) 1.10E-03
DATASHEET 1Q, per amp, max (A) 1.75E-04

thermal resistance (C/W) a7

TLVS30x 40-V, 1-MHz, RRO Operational Amplifiers for Cost-5ensitive Systems datasheet (Rev. A) ;
TA, ambient temperature [ C)

&) viewrow [[8 Download
PIC per amp|W) 0.00525
POUT per amp (W) 5.50E-03
., .. . PD per amp (W) 0.01075
Electrical Characteristics (continued) TI with dual-ch amp =
ForVg = (V+) = (V=) =45V 1o 40 V (£2.25 V to £20 V) at T, = 25°C, R = 10 k() connected to Vs /2, Vo = Vs / 2, and Vour
=V [ 2, unless otherwise noted.
PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
OUTPUT
Wy =40V, R, = no load 3
Positive rail headroom Wy =40V, Ry = 10 k0 50 75
Voltage output swing from Vg =40V, R = 2 kid 250 350 .
rail Wy =4.5V, Ry = no load 1
Megative rail headroom W3 =45V, R =10 k2 20 30
Wy=45V, R =2k0 40 75
leg Short-circuit current 650 mé
Croan Capacitive load drive Ses Typical Charactensfics
z Operrloop output f=1MHz lg=0A B0 )
POWER SUPPLY
Cluiescent cument per - 150 175
I"‘ amplifier b=0A T, = —40°C to 125°C 175 WA 15
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What else needs to be considered?

SR, BW, Spike Signal Capture

TLO7x Circuit

- SR =2 x pixFxVout
F
Vout
SR

Topology
R1

R2

Noise Gain

m) TLO7x Unity Gain Bandwidth

Bandwidth
0.35=TR x BW
BW

Signal Rise Time
(able to capture)

1.00E+04 Hz
20V
1,256 V/us

Mon-inverting
1.00E+04 ohm
5.00E+04 ohm

10
3.00E+06 Hz
0.3 MHz

0.3 MHz

1.16666667 us

TLO7x 13V/us
TLV930x 3V/us

TLV930x Unity Gain Bandwidth
Bandwidth

BW
Signal Rise Time
(able to capture)

1.00E+06 Hz
0.1 MHz

0.1 MHz

3.5 us
16
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Op Amp Selection Tips

« Considering circuit function and important specs of it:

» Process sine wave/ care synchronization => Small signal latency => GBW

« Use as OCP/ OVP protection function => Large signal response time => Slew Rate
 Light load current monitoring/precision current sensing

Accuracy: Offset, drift, PSRR, CMRR, noise, potential external noise etc.

— AC-coupling cap may be required; differential cap may degrade performance since forming low
impedance path for interference

— Surrounding circuits are noisy => EMIRR may help to suppress high frequency noise hence
improving accuracy

— Power sources are from DC-DC with switching noise => High PSRR and wide bandwidth may be
needed

17
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High Side Current Sensing Considerations
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High Side and Low Side Current Sensing

Vsupply

High side current sensing:

U HV op amp, potential higher cost

U Able to detect load short circuit/leakage
1 } - % - }

T * A= F A

= %
% I: }gj E 5 [ Low side current sensing:

I U LV op amp, potential lower cost

- U Ground Noise, Inaccuracy at light load

U Not able to detect load short
circuit/leakage

s LEERBMER FEERER ; 19
https://www.ti.com/seclit/ml/sszp076/sszp076.pdf Q TEXAS INSTRUMENTS
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High Side Current Sensing Example
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High Side Current Sensing Circuit Specifications

Design Goals

Input Overcurrent Conditions Output Supply
Iload Min Iload Max IOC_TH IReIease_TH Vaul_OC th_release VS VREF
1.5A 40A 35A 32A 2.8V 261V 3.3V 2.8V
Light Load Accuracy OCP response time Input signal max frequency sine
@1.5A +/-10% 10us 10kHz

21
Analog Engineer‘s Circuit: Amplifiers ;
High Side Current Sensing and OCP % TEXAS INSTRUMENTS
https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf
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INA381 Current Shut Monitor Overview

VS+
27Vto55V
OVto26V
@)
INA381 " 7
BE KIS+ LSS
10 kQ Microcontroller
IN+ T\ ReuLLup
VOouT
Rsense § G1 ;02 {)26:;)0 - e
IN- l
CMPIN
+
T>— GPIO
Load
| GND RESET erio
CMPREF

5V R1 R2

AR IB KRS 1E,
SNRiIZm, BEEE
LR EREIA.

Analog Engineer‘s Circuit: Amplifiers
High Side Current Sensing and OCP
https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf

Features

Common-Mode Input Range: -0.2 V to 26 V
High Accuracy Amplifier:

— Offset Voltage, Vey = 12 V: 500 pVv
(Maximum)

— Offset Voltage, Vcy = 0 V: 150 pV (Maximum)
— Offset Voltage Drift: 1 yV/°C (Maximum)

— Gain Error: 1% (Maximum)

— Gain Error Drift: 20 ppm/°C (Maximum)
Available Amplifier Gains:

— INA381A1: 20 V/V 350 KHz
— INA381A2: 50 V/V 210 kHz
— INA381A3: 100 VIV 150 kHz
— INA381A4: 200 V/V 105 kHz

Comparator Specifications:
— Hysteresis: 50 mV
— Response Time: 500 ns

— Alert Threshold Set Through External
Reference Voltage

Open-Drain Comparator Output With Latching
Mode

Package: WSON-8 (2 mm x 2 mm)

22
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System Specs and INA381 Parameter

Rshunt Calculation

Vs 3.3V

15

Analog Engineer’s Circuit: Amplifiers
High Side Current Sensing and OCP
https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf

Input Overcurrent Conditions Output Supply

load Min lcad Max IOC_TH IRelease_TH Voul_OC Vom_release Vs Vieee

1.5A 40A 35A 32A 28V 261V 3.3V 2.8V
Rshunt Calculation: Highest SNR
Vout_max = Imax x Rshunt x Gain
Rshunt — Vout max — VS - O-Ozv — 3-3V - O-OZV — 0.00410 RmMax

_ gainx I, gainxl,, 20V/Vx40A
__:ch 12V g R94m Rtandard shune = 4m{Q (standard 1% value)

Considering power loss:
12V x 40A = 480W

480W x 0.1% = 0.48W
0.48W = I°R

R =0.48/1600 = 0.3m-ohm

23
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System Specs and INA381 Parameter
Offset Voltage and Drift

&

+

=vem 12v

Input Overcurrent Conditions Output Supply
load Min lcad Max IOC_TH IRelease_TH Voul_OC Vom_release Vs Vieee
1.5A 40A 35A 32A 2.8V 261V 3.3V 2.8V
C1100nF T . . .
I ;{ Light Load Accuracy @1.5A +/-10%: Drift calculation
- U1 INA3B1AT Max ambient temperature 45C
ne 2 AERTT | vsense = Imin x Rsense Vos_Drift
S Roam N 'NA381£1 out= | Vsense = 1.5A x 4m-ohm = 1uV/C x (delta T)
=) T cevPN— | Vsense = 6mV = 1uV/C x (45-25)
@)lLor0 T Allowable Error = 6m-ohm x +/-10% = 20uV
= +/-600uV
L 6.5 Electrical Characteristics

at Ty = 25°C, Vgense = Vine — Vine =10 mV, Vg =5V, V. = 12V, and CMPREF = 2 V, (unless otherwise noted.)

PARAMETER | TEST CONDITIONS | MIN TYP MAX|  UNIT
INPUT

Common-mode input voltage
Vem range -0.2 26 v
CMRR g?:“mm'mde rejection ratio, |y, =0V 1026V, Ta= -40°C to +125°C 84 100 dB
Vos Offset voltage, RTI" Vine =12V, Vi = 12V +100 +500 uv

Vine =0V, V=0V +25 +150 uv

dVos/dT Offset voltage drift, RTI" Ta= —40°C to +125°C 0.1 1 uv/°C




System Specs and INA381 Parameter

Slew Rate and Bandwidth

Vs 3.3V

=5

+

=Vem 12V

Analog Engineer‘s Circuit: Amplifiers
High Side Current Sensing and OCP
https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf

Input Overcurrent Conditions Output Supply
lhoad Min lload Max IO(:_TH IReIease_TH Voul_OC Vom_release VS VIREF
1.5A 40A 32A 2.8V 261V 3.3V 2.8V
Vs . .
c1100nE T I Slew Rate Requirement:
Il vouT - _
= U1 INA381A1 ALERT1 Vour 35a = loc_tH X Rstandard shune X 82iN
INP g ALERT] ( -
INA381A1 = 35A x 4mQ x 20V/V = 2.8V
g & ECMPIN R1247.5 R10 10MEG OCP response time
& ¥ 3 10us
v )| LOAD vV
()J' S CMPIN -
Slew Rate
R2 5.9k = Vout_max/ time
4 i
- = 2.8V/ 10us Fin max
a R133.2 =0.28V/us 10kHz
6.5 Electrical Characteristics
- at Ty = 25°C, Veense = Vine = Vin- =10 mV, Vs =5V, Vi, = 12V, and CMPREF = 2 V, (unless otherwise noted.)
| PARAMETER | TEST CONDITIONS | MIN TYP mAx|  UNIT
FREQUENCY RESPONSE
INA381A1 350 kHz
INA381A2 210 kHz
BwW Bandwidth INA3B1A3 150 kHz
INA381A4 105 kHz
SR Slew rate 2 Vips
25
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High Side Current Sensing Circuit Specifications

Design Goals

Input Overcurrent Conditions Output Supply
Iload Min lload Max IOC_TH IReIease_TH Voul_OC Vout_release VS VREF
1.5A 40A 35A 32A 2.8V 261V 3.3V 2.8V
Light Load Accuracy OCP response time Input Signal max frequency sine

@1.5A +/-10%

Allowable Error :
4m-ohm x 1.5A x
+/-10% = +/-600uV

10us

Slew Rate

= Vout_max/ time
= 2.8V/ 10us

= 0.28V/us

0.25m-ohm x 1.5A x
+/-10% = +/-37.5uV

Analog Engineer’s Circuit: Amplifiers
High Side Current Sensing and OCP
https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf

10kHz

Slew Rate (SR)

Full power Bandwidth

SR =2xpixFxVpp

SR =2x3.14 x 10kHz x 2.8

SR =0.176V/us

26
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Current Sensing Error Sources

ILOAD 10 ‘\__.:}l

nIRERAZMEE FEEREN

C2100p
| |

11

R2 100k
AN

V-

https://www.ti.com/seclit/ml/sszp076/sszp076.pdf

Rshunt 1m >< Viense K
T Vi I la + U1 OPA189 B l &8 l
= - <% g8 Xvout
lﬁ :[“-‘ E:J -
Shunt Resistor Op Amp Input Offset Noise
Tolerance Voltage(Vos) Correlated: Q Extrinsic Noise
Q Vos at Room Temperature 25C U Intrinsic Noise
Trace - Vos_Drift
Resistance Q DC
< 0 Vos_CMRR_AC
Q Vos PSRR_AC
Q Bias Current 2%

27
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VCM 12V Ripple and FFT

‘ 10.0mVidiv
7T 20.0dB 100kHz

~7.3mV ~4.1mV
50kHz 100kHz

12V supply
AC coupling
mode

& [41.052¢8
&7 -71.052d8
& -30.0d8

~4.1mV ~4.1mV ~0.13mV

280kHz 460kHz 570kHz
~4.1mV
520kHz

5.0ms/div 2.0MS/s 500ns/pt
Single Seq
1 acqgs RL:100k

Auto

~0.13mV ~4.1mV | ~13mV
860kHz 920kHz | 970kHz

Wip TEXAS INSTRUMENTS




System Specs and INA381 Parameter

CMRR AC

Vs
C1100nF

r

U1 INA381A1
w —
ne 2 ALERT]

INA3B81A1
w O

UThH—

+

(v)l LOAD

INN
CMPIN—

GND
RESET
4CMPRE

Analog Engineer’s Circuit: Amplifiers
High Side Current Sensing and OCP
https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf 29
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6.5 Electrical Characteristics
at Ty = 25°C, Vgense = Vine — Vine =10 mV, Vg =5V, V., = 12V, and CMPREF = 2 V, (unless otherwise noted.)

PARAMETER

TEST CONDITIONS | MIN P MAX|  UNIT
INPUT
Ve Common-mode input voltage 02 26 v

range
CMRR Common-mode rejection fatio. | v, = 0V 10 26 V, Ta= ~40°C to +125°C 84 100 dB
140
- —#~1l |+ ALCMRRis ~55dB@1MHz
o 1= A3 at 25-C.
| —
T 100 T\‘%\ :
8 ~h * It has 1.78mV/V attenuation
o NN .
& 8o \ capability to the common
E R mode noise.
= 60 1
& It
E 40 « VOS_CMRR_AC
=13mV x 1.78mV = 23.14uV
20 .
10 100 1k 10k 100k 1™
Frequency (Hz)
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To see more circuit detail analysis:

Design Goals

Transimpedance amplifier circuit

Input

BW

Supply

lavsx

Votn

Vonax

0A

50pA

o

5V

10kHz

15V

-15v

Design Description

The transimpedance op amp circuit configuration converts an input current source into an output voltage.
The current to voltage gain is based on the feedback resistance. The circuit is able to maintain a constant

voltage bias across the input source as the input current changes which benefits many sensors.

Design Notes
1. Use a JFET or CMOS input op amp with low bias current to reduce DC errors.

2. A bias voltage can be added to the non-inverting input to set the output voltage for 0-A input currents.
3. Operate within the linear output voltage swing (see A, specification) to minimize non-linearity errors.

C1150p
| |
1
R1 100k
A
V-
l ——( Vout
U1 OPA170
V+

Copyright © 2018, Texas Instruments Incorporated
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Analog Engineer’s
BRI 1T Circuit Cookbook: Ampilifiers

R

https://www.ti.com/seclit/sl/zhcy082a/zhcy082a.pdf

https://www.ti.com/seclit/sl/slyy137a/slyyl137a.pdf
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OPA189 Circu




TINA-TI Editor/Tool Bar

&3 Noname - Schematic Editor ﬂ,. Moname - Schematic Editor
File Edit Insert Wiew Analysis T&M  Tools  TI Lklities Help File Edit Insert View Analysis T&M  Tools Tl Utilities HElFI

=@ @] BlEf [x <[a]r] o] [ ]]5 sle|ale] Bla [v |zl 2o ]o]+]

Jrle =l oo &[] =]3e ‘
Easic | Switches | Meters | Sourcds | Semidonductors | Spice Macros | ﬂ - |ﬁ\:,.j‘| >!~'C épﬂl_‘_ @ ﬁf:éj( |[::|j R |

BasicJ Switches | Meters l Sn rcesl Semiconductorsl Spice Macmsl

&

—*
.-

\4
s |

\ 4
v Current probe (1)
¥ Differential-probe (V)

Single-ended probe (V)

B
(@ roname _Schematicpator

File Edit Insert View aAnalysis T&M  Tools  TI Uklities Help
slelale] 5] [ = lolrlml |||+
J+lo[ZEl g |&F &l & o] = |75

Eiasl: | Switchesl Meters Niourcesj Semiconductors | Spice MachSJ

|

#h DCEEIR Function
Gen

—*
T—
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DC, Transient, and AC Simulation
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Performing Analysis with TINA-TI

Case Study: OPA189 Circuit from TINA Reference Design

* Running DC Analysis
* Running AC Analysis
* Running Transient Analysis

35
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Simulate OPA189 with a 1 uF load

OPA189 TINA-TI Reference Design based on
Green-Williams-Lis Pspice simulation model

Vout
{

36
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TINA Model &%

OPA189(ACTIVE)

14MHz, MUX-friendly, low-noise, zero-drift, RRO, CMOS precision operational amplifier

In English ¥ | | Alertme

DATASHEET

IDescri|:u1:ic:r1 & parametrics | Technical documents VESEGERGERMN SIS W Order now  Quality & packaging | Supg

=) Viewnow [ Download

Models | Design kits & evaluation modules

Models (3)

Title -
QPA189 PSpice Model (Rev. C)

» OPA1B9 TINA-TI Reference Design (Rev. C)
CPA1ES TINA-TI Spice Model (Rev. D)

4F

Category
PSpice Model
TINA-TI Reference Design

TINA-TI 5pice Madel

QPAx189 Precision, Lowest-Noise 36-V, Zero-Drift, 14-MHz MUX-Friendly, Rail-to-Rail Qutput,
Qperational Amplifiers datasheet (Rev. E)

Type #
ll
TSC

ZIP

Date
27 Feb 201
27 Feb 201

27 Feb 201

Development tools

]
]

]

R R R R R R R R R R R R R R R R R R R R R
"

** Released by: Online Design Tools, Texas Instruments Inc.

* Part: OPAl89

* Date: 04FEB2019

* Model Type: Generic (suitable for all analysis types)

* EVM Order Number: N/A

* EVM Users Guide: N/A

* Datasheet: SBOS830D DEPTEMBER 2017DEVISED DECEMBER 2018

* Created with Green-Williams-Lis Op Amp Macro-model Architecture

* Model Version: Final 1.0
AARAARAARAAAAAAAAAAAARAAARAAAAAAAAAAARAAAARAAAARAA A AR AA R R AR A AR A AR AR R AR
OPEN-LOOP GAIN AND PHASE V5. FREQUENCY WITH RL, CL EFFECTS (Rol)
UNITY GAIN BANDWIDTH (GBW)

INPUT COMMON-MODE REJECTION RATIOC V5. FREQUENCY (CMRR)

POWER SUPPLY REJECTION RATIC V5. FREQUENCY (PSRR)

DIFFERENTIAL INPUT IMPEDANCE (Zid)

COMMON-MODE INPUT IMPEDANCE (Zic)

OPEN-LOOP OUTPUT IMPEDANCE VS. FREQUENCY (Zo)

OUTPUT CURRENT THROUGH THE SUPPLY (Iout)

INPUT VOLTAGE NOISE DENSITY V5. FREQUENCY (en)

INPUT CURRENT NOISE DENSITY V5. FREQUENCY (in)

OUTPUT VOLTAGE SWING vs. OUTPUT CURRENT (Vo)

SHORT-CIRCUIT OUTPUT CURRENT (Isc)

QUIESCENT CURRENT (Iq)

SETTLING TIME V5. CAPACITIVE LOAD (ts)

SLEW RATE (SR)

SMALL SIGNAL OVERSHOOT V5. CAPACITIVE LOAD

LARGE SIGNAL RESPONSE

OVERLOAD RECOVERY TIME (tor)

INPUT BIAS CURRENT (Ib)

INPUT OFFSET CURRENT (Ios)

INPUT OFFSET VOLTAGE (Vos)

INPUT OFFSET VOLTAGE VS. TEMPERATURE (Vos Drift)

INPUT COMMON-MODE VOLTAGE RANGE (Vcm)

INPUT OFFSET VOLTAGE VS. INPUT COMMON-MODE VOLTAGE (Vos vs. Vcm)
INPUT/OUTPUT ESD CELLS (ESDin, ESDout)

R R R R R R R R R R R R R R R R R R R R R R R R R
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TINA-TI Schematic Editor Tour

E_! Moname - Schematic Editor

File Edit Insert Wiew Canalysis ) TaM  Tools  TI Utilities Help
sla|ale]| [T~ =lolrlsl |- ||| alfm = py o] =
=+l (= [ | & v & |4 || = e g [~ = |e[e|ele] | | | | | | T U
asic witches sters | Sources i, - ti- - |
2 Lseches | Moter | _»JS Ta&M  Toaols Help 2
ERC...
. Zalculate nodal voltages gi == Eg — Jﬁ lﬁ 9&
r;ﬂ-:;det (: Fral Sbieck Table of DT results E o B JC 1
=l onkro 1=C a iz Transfer Characteriskic. .. Il /Z \*
Set Analysis Parameters. ., Temperature Analysis... Run DCED %E 7] ﬁ .
iz Aanalysis P ——
A |‘:'|I'-|-EI|':.-'5I5 * | a Calculate nodal waolkages
Transientk... — Table of AC resulks
Steady Stake Solver. .. AC Transfer Characteriskic. ..
Fourier Analwvsis B
Moise Analysis. .. L Faourier Series. ..
options, ..
=2 | > -
MHorname
[&W E=it| % 996 v 305




DC Nodal Analysis

/ N a3 Analysis T&M Tools TIUtilities Help
| ¢ @ oS /CA;' ’ {“‘3' z@j [I':G 2T S ERC... t:“—g‘mn/ = j@
Basic | Switches Meters I Snurcesl Semicnnduclarsl Spice Macrosl Mode... | | | | | | |
Select Control Object
RI1 10k RF 10k Set Analysis Parameters...
i AL DC Analysis > Calculate nodal voltages
Vin Vee 18 AC Analysis > Table of DC results
Transient... DC Transfer Characteristic...
~—lI~ ransi e
Steady State Solver... Temperature Analysis...
C2100n = Fouri .
— Eourier Analysis >
lb—‘—'l
i Noise Analysis...
}—«——P\\ AM1  -30pA fout 1000V Qptions..

Vos 400nV

. é d
v 13

Vee 18

3
— 3
IU

I Ut OPA189 '
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Transient Analysis

ﬁ Noname - TR result2 - m} *
File Edit View Process Help
= Y ka|+, al
; . Analysis T&M Tools TI Utilities H = Zoom CrieZ A 4T
J _t | @ | ?l( i‘g |+ {\; @ |m| =T =S ERC é Normal zoom Ctrl+Alt+Z
Basic | Switches Meters | Sources | Semiconductors | Spice Macros | Mode... v Z:""’fx“
ow/Hide curves ...
Select Control Object Separate curves
RI 10k RF 10k Set Analysis Parameters... -
A ) §
i DC Analysis >
Vee 18 .
i >
\in || AC Analysis 200.00m
+ Transient...
L C2100n = Steady State Solver...
_ - -400.00m . . :
C - }——AL Eourier Analysis > 0.00 1.00m 2.00m 3.00m
MEEM@M&]E‘ — Noise A |y; Time (s)
e r— . NNoise Analysis... TR result !
’ - e—d AM1 Vout resutl TR resut |
Vos g { Options... 100.00m
C1100n 1 s Transient Analysis X Vin
}——AL -T- 5‘ Start display fi sl v OK
+
Vec 18 == = i il | X ccs | -100.00m
— * Calculate operating point 7 Hep 400.00m-]
T !
U1 OPA189 O Zoovi i
Vout
— |v Draw excitation .
~400.00 y T T T T 1
800.00u 900.00u 1.00m 1.10m
Time (s)
. o
TR resull TR resul | 40
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AC Analysis

Analysis T&M Tools TI Utilities Help
ERC... u [ @ <] (1
T
Select Control Object
Set Analysis Parameters...
DC Analysis >
AC Analysis > Calculate nodal voltages
Transient... Table of AC results
Steady State Solver... AC Transfer Characteristic...
Fourier Analysis ’ .;C Transfer Characteristic X

Noise Analysis...
Start frequency

Options...
End frequency

Mumber of paints

v Amplitude & Phase

1 [Hz] s
100MEG [Hz] x Cancel |

100
| ? Hep

Sweep type

" Linear ¢ Logarithmic
Diagram

[~ Empitude [~ Myquist

[~ Phase [~ Group Delay

Gain (dB)

Phase [deg]

100.00-

0.00:

With 1uF cap load

-100.00

-200.00

400.004
300.00

200.00
100.00
0.00
-100.00
-200.00
-300.00-

T T T
10 100 1k 10k 100k

T T 1
1MEG 10MEG 100MEG

Frequency (Hz)

Gain (dB)

Phase [deg]

100.00-

0.00

W/o 1uF cap load

-100.00+

Vout [47] \
Curve

Color: Navy -

Width 3 3

-200.00
200.004

100.00+
0.00+

-100.00

-200.00

1

T T T T T "
10 100 1k 10k 100k 1MEG 10MEG 100MEG

Freguency (Hz)
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Parameter-stepping
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Parameter-stepping — Transient Analysis

Q,, shomafOc -

Schematic Editor

File Edit Insert

=/ @3] ¢

View Analysis

& [x s |z]T|ml

T&m TN‘I

Tl Ut\hties

Help

[ @]

J= || %

B ||

,@'lﬂ(”-)r

=35

Basic ] Switches  Meters ISourcesI Semlcunduclorsl Spice Macmsl

14
Select control objecti

RI10k

RF 10k

rfwﬂv

vin ()

Vec 18

M

Vee 18

Control object selection X
Patameter stepping
Statt value 100 A
" Linear
End value Tu & Logasithmic
Mumber of cases 5 « Lis
Parameter Stepping
Remove | X Cancel ‘ ? Hep I

100.00m
Vin j
-100.00m I
200.00m
Vout[1] 3 'ﬁ ,_| |— 0.1nF
-200.00m— : !
300.00m
o™ — b
-300.00m -
1000
-10.00
200
o R -
200
400.00m
Vout[5] 1uF
-400.00m
0.00 1.00m 2.00m 3.00m
Time (s)

43

Wip TEXAS INSTRUMENTS



Parameter-stepping — AC Analysis

Gain (dB)

Phase [deg]

DY

-100.00

-200.00

-100.00
-200.00

100.00—

0.00

400.00-,
300.00
200.00

100.00]
0.00]

-300.00 34—

100

1k

T — — 7 — 17 —
10k 100k 1MEG 10MEG 100MEG

Frequency (H2)

200.00
Vout ] \ 0.1nF
-300.00—
200.00
Vout2) ] \_, o
-300.00—
400.00—,
Vout[3] ]
10nF
100.00—
400.00—
Vout[4] i /_\/ 100nF
100.00—
400.00—,
Vout(5] ) /\ 1uF
10000 I]TI ][fl III] I]T[ lTI] TII] I]I] lll]
1 10 100 1k 10k 100k 1MEG10MEGOOMEG
Frequency (Hz)
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TINA Tips
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RI10k

RF 10k

r—’\/\-"\-
&

vin (1)

i

ATATLY

Vee 18
_.._|||}_‘1
C2 100n.—

1»-—”—1

Vout

\\lﬂ OP;'A_IE-E
+

i

cL 15p

Rejection Ratio (dB)

160
140
120
100
80
60
40

20

Supply Noise and Decoupling Cap

PSRR at high frequency:
assume 10mVpp ripple:

40dB=> 10mV/V =>0.1mV (Vos_PSRR)

20dB => 100mV/V = 1mV
10dB=> 316mV/V => 3.16mV

<x\& :iPSRR
TS

D=V

LM

1 10

100 1k 10k
Frequency (Hz)

100k 1M 10M

Figure 14. CMRR and PSRR vs Frequency
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Impedance - L

Put Real Capacitor in TINA

f=1/(2 x pi x rt(LC))

Cc ESL ESR
10 . —| MHT—AAN— L=1/(sqrt{2x pi xf) x C)
St P a7 uF f| 4.60E+05 Hz
~ Ceramic ’
1 NI ! / c| 4.70€-05 F
&===ﬁ=== =
P s = L| 2.549571| nH
SV Ll T
Y
0.1 ] B < .
— wewss . RSk AN VF3 10.00
/ "R \“ L <% 1 N ’
001 L 1000 3 I M o iy e o= + >< e
E Electrolyic - Ve a T L2ty
330 uF f
Polymer Tantalum - - - RS 1m
0.001 1 I EEEEIE 1
100 1k 10k 100 k 1M 10 M
f - Frequency - Hz 460kHZ L3 2.58n
Figure 4. Capacitor Impedance Characteristics 1.00m
100
How to Choose a TPS7B67xx-Q1 Output Capacitor Input and Output Capacitor Selection

http://www.ti.com/lit/an/slva759/slva759.pdf http://www.ti.com/lit/an/slta055/slta055. pdf

T T T T
1k 10k 100k 1MEG

Frequency (Hz)

L

C Simulation 2T5C
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Function Generator

RI 10k RF 10k o
Vi A Vin - Volt
gy |
vin () Label Vin

et Parameters [Parameters)

DC Level [V] 0
= [ Signal Sine wave
Intemal resistance [Ohm) 0 O
10 state Input
Vout Fault None

¢ 0K | b4 Cancel‘

? Hep

E Signal Editor

L I #ol ] fod B PP | ] M

ELEHR B X

[CER

bin: O

bax: 4m

Repeat Forever SN SNSSESSESSNSNSENEENENEENEES

=1 —> B Imshy, EEALV

2m 0
4m 0

Endrepeat sussnssssssssssEEsEEE RN NS BEN

Press the Test button to see the signal.
Line: 1 Col: 3 T e Menu |

/ QK ‘ x Cancel ‘ ? Help ‘
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Error — Irreqular Circuit

R W
: Ve V- wEH
Irregular circuit.

? Help Less << |

Current of component; V1

VGZ VG1

Current of component: V2

k]

&
R7 2k

V-

al

l__@J\n'\P\_.._o_
h(WZ 1 A6 1k EQTINA Help _ o
[FE}ri——et 4]

‘_E t
g Re Tk Hide
e ; V- L] P
= UTORA1EZ Uz OPatez Index I Search ] Irregular circuit
R3 1k Type in the keyword to find: Tlf:is érror me;sage means that TINA cogld not solve the
circuit equations, probably due to a irregular
I (contradictory) feature of the circuit.

A simple example of a irregular circuit is a circuit
containing a shorted voltage source or an open current
source. These circuits have a topology that contradicts
the definition of the parts, resulting in unsolvable
equations (system of linear equations with a zero

Advanced VHDL / MCU Options determinant).

F1 12604
Z21M2804

—
C2tn
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Error — Convergence Problem

B 20790905 OFATIZ Sin CorT,

File Edit Inser

T&M Tools TiUtilities Help

I

TH o523 | TR resul24 | TR result?5 | TR 1esul26 | TR result27 | TR result28| TH esuk29 | TR resull30 |

DaEID rﬁ PARNE [ a|m = 0¥ | [Fopacior —
J+af= @\f?f o e[|l elelele] T TTTTTTTTTTITTTTT |
Bagic | Switches | Meters | Sowces | Semiconductors | Spice Macros |
B Noname - TR - O x
File Edit View Process Help
e BlElx a8l | T~ Ol s 2l | 4 3
300 Femor X =l
{2009 Conver blem. Chack
p gence problem. Check the analysis parameters!
1.00§ _
£ Rety ‘ *Jgnnrs‘ 7 Help ‘ More »> ‘
'3 000
2
© -1.00]
b4 -2.00
—
L vio 3004
400 T T 1
5 . 141m TN 20 1.44m 145m 146
g g E X cancel Preview ‘ Pause o)
o I

] »
TRresuhﬁTJTRvesu\tSZJTHvesu\Bﬁ]TRrexuhﬁd | TR resulS TR resuts | j

Back to Back Zenarto prevent cliping and distortion

[VSE_smil:
R4 1k

SCVDF_sm

<
20190905 OPA192 Sin CosTSC | 20190905 CH Huei Sin Cos Cicut | OPA365_TLYB544 | OPA36ST | shoc134a| U1 | THS4551 SE ta Dilf

[ ol el g neg)

Analysis Parameters X
Operating point with initial conditions [Na] No A
TR max. iteration number [-] [20] ad
["TH far. abs, volage incr. [v] 1eoom] 200

TR ma. abs. current incr. [&] (20m) 20m

TR max. relative increment [%] (1.0E+30) 1.0E+30

TR mazimum value relative eror [%] [1m) m

TR LTE voltage-based/charge-based [Yes) Yes

TR truncation ermor factor [-] [7) 7

TR iteration contral factor [-] (S00m) 500m

TR charge tolerance [10f) 10f

TR maimum time step [s] (10G] 10G

TR minimum time step [s] (1.0E-30) 1.0E-30

TR excitation subdivisions [-] [10) 10

TR time intry. subdivisions [-] (100] 100

Abs. enor of optimization [-] [1n) 1n

Rel. error of optimization [%] [1u] Tu
Semiconductor capacitors enabled [Yes) Yes

Shunt conductance [S] [0) 1]

Shunt capacitance [F] (0) 0

Max. no. of saved TR points [-] [1000000) 1000000

Wave processing quality (1-4) (1) 1

Audio latency [g] (500m) 500m "

Description
Default analysis parameters. A

These parameters establish convergence and sulfficient accuracy for most circuits. In
case of convergence or accuracy problems click on the "hand " button to Open

0K I X Cancel| ? Hep |

ol
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TINA-TI Training Videos
Right-Click the desired line and select Open Hyperlink.

Introduction to TINA-TI

Using the TINA-TI simulator — ERC and Analysis types

Configuring Sources in TINA-TI simulator
TINA-TI Waveform Viewer, Part 1
TINA-TI Waveform Viewer, Part 2

Sweeping parameters in TINA-TI simulator

Noise, Fourier analysis and Signal Chain content in TINA-TI

Power product simulation in TINA-TI simulator
Importing SPICE models into TINA-TI
Tips and Tricks for TINA-TI simulator

How to use the Controlled Source Wizard in the TINA-TI simulator

Using WEBENCH® simulation export to create files for TINA-TI simulator

https://training.ti.com/tina-ti-video-training-series
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http://bcove.me/95i2svpb
http://bcove.me/dqodvcyh
http://bcove.me/dqodvcyh
http://bcove.me/dqodvcyh
http://bcove.me/p4bb0mvz
http://bcove.me/p4bb0mvz
http://bcove.me/p4bb0mvz
http://bcove.me/99gl0lkd
http://bcove.me/99gl0lkd
http://bcove.me/99gl0lkd
http://bcove.me/ftu8lel4
http://bcove.me/ftu8lel4
http://bcove.me/ftu8lel4
http://bcove.me/tl0rvdbw
http://bcove.me/tl0rvdbw
http://bcove.me/tl0rvdbw
http://bcove.me/bwbbmdd8
http://bcove.me/bwbbmdd8
http://bcove.me/bwbbmdd8
http://bcove.me/qomjbvkt
http://bcove.me/qomjbvkt
http://bcove.me/qomjbvkt
http://bcove.me/qomjbvkt
http://bcove.me/o9arq3ne
http://bcove.me/o9arq3ne
http://bcove.me/o9arq3ne
http://bcove.me/vpl21bqv
http://bcove.me/vpl21bqv
http://bcove.me/vpl21bqv
http://bcove.me/cgr3h0xj
http://bcove.me/cgr3h0xj
http://bcove.me/cgr3h0xj
https://training.ti.com/tina-ti-video-training-series
https://training.ti.com/tina-ti-video-training-series
https://training.ti.com/tina-ti-video-training-series
https://training.ti.com/tina-ti-video-training-series
https://training.ti.com/tina-ti-video-training-series
https://training.ti.com/tina-ti-video-training-series
https://training.ti.com/tina-ti-video-training-series
https://training.ti.com/tina-ti-video-training-series
https://training.ti.com/tina-ti-video-training-series

Tl Training & Videos

e Tips and Tricks for TINA-TI simulator
1.10 Tips and Tricks for TINA-TI(TM) simulator

:‘ 3 ¢ . S
it TEM Tool Tilbiewes Help

wlells] g [« <lelrls] 1]+ ][ ajfer = o

L —
Tl | J

[+ 61 #[@[#] ] [ +[~[=bela|-~[[Telolele] TTTTTTTTTTTTEE

Barc | Seatches | Maters | Souscmt | Semicondacton | Spice Macsce |

{ TPS54331 Transient Model (TPS54331EVM-232)

Notos:

L) To Ran, sclect Asalysis. >Traasicat
2.) Plot for Vie=15V and lout=3A s shown,
3.) Zoomed plot of steady state for above coaditions also shown.

4.) The model has been encrypted.

Title TPSSA33I1EVM-232 3A, SWII'T Reg 3

Sae Document Ne.
SILVU247-July 2000

Date 5/8/200%
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Summary

Op Amp in Over Current Protection Circuit
— Output swing limitation
— Input ESD steering diodes

Improve Thermal Performance Op Amp Circuit
— Power Dissipation Calculation
— Thermal Impedance and Junction Temperature
— Consider Protection Response Time, Signal Latency, Spike Signal Rise Time

« Amplifier Major Parameters in Current Sensing Application
— High Side Current Sensing Circuit Specifications
— Rshunt Calculation
— Offset Voltage and Drift
— Slew Rate and Bandwidth
— CMRR AC

TINA Tutorial
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Thank you.
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