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Objectives

What do you want to get out of this training?
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What do | want to get out of this training?
To help you achieve your objectives
To“Train the Trainer”

To allow each of you to have higher levels of
engagement with your customers

To create a closer partnership between the field
and the PAG BU

To be invited to virtually attend an occasional
customer visit at your discretion - | am always
available - please take advantage of me

My ultimate goal is to increase ADI's market
share and profitability, and have plenty of funa
long the way
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Who Can Benefit from this type of Training DEViCES

AHEAD OF WHAT'S POSSIBLE™

ADI Employees:
= FAE's, Sales, Mgt, Recent Hires, New in Role

Customers:
= New and Recent College Grads
= Experienced Engineers who need a refresher

= Engineers new to the company or role

= Experienced engineers who do not need this training, yet if they attend, they will be
identified as the internal experts, your “go-to” people

Analog Devices Confidential Information. ®2021 Analog Devices, Inc. All rights reserved. 1May 2024 3



ANALOG

A g en d ad DEVICES

AHEAD OF WHAT'S POSSIBLE™

Review of Bode Plots
= Magnitude and Phase Response

Voltage Feedback Model

= Definitions

= Analysis of Closed Loop Gain
= Stability Criteria

= Rate of Closure

Opamp Gain and Phase
= |deal

= Actual

Phase Margin

= Definitionand examples

Putting it All Together
= Apply the concepts to plot Aoland Acl to determine level of stability in any opamp circuit : Step-by -Step

= Practical Example 1: Transimpedance amplifier

= Practical Example 2: Driving Capacitive Loads
= LTSPICE Simulation Techniques

Wrapping Up

= Discussion, Q/A
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Bode Plot Review DEVICES

AHEAD OF WHAT'S POSSIBLE™

Rule of Thumb

- 3dB and 45° of phase shift occurs at each pole frequency
-20dB/decade slope
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Bode Plot Review DEVICES

AHEAD OF WHAT'S POSSIBLE™

Rule of Thumb

0° phase shift occurs one decade before and 90° occurs one decade after the pole
frequency

INPUT UTPUT
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Let's Add a Second Pole

Rules of Thumb

45° of phase shift at each pole frequency
0° phase shift one decade before the pole frequency
90° of additional phase shift one decade after each pole frequency
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L aaaaa e b Add & Ty s : : ; ™ 0°
P teeed, i ; —ZOdB/decade slope E
_2od& .................. desssdenalissdealas E.-:LE ........... Taasawn bssmakenaleaa ;.... E..-E-..E ........... Lesssamd s. ........ PP M e, ORI ey J'-...:l ................................................. :-.: ........... f ...... E.-.-..\.--J-.J--.I-J-.l
E P T : P -45°
_4od& .................. Doswedsnabesbeslas ;._;._E ........... i — Lomesbesaless s disalsals P e . L--.....é.......l SoaBaladsl ; i
: R : ; ':; -90°
S0 Notice that 180° phase i ~
i1 shiftis associated with a ¥ ool 1 fasse
B[ S I T - - :
iii  two-pole system 2 i
-100dB: —r—r—— . e SR — : T T 180°
10Hz 100Hz 1KHz 10KHz 100KHz 1MHz

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved.

1May 2024



Analysis by Inspection
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Slope = 0dB/decade

V(output)
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Slope =-40dB/decade
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|deal 15t Order Open Loop Gain L bevices

A A
Gain Phase
(dB) (degrees) Phase margin definition:
-20dB/dec
180° 180° - the amount of phase shift the opamp

has undergone at the unity gain crossover
frequency

I N { -------- 90°

Phase Margin

Frequency
(Hz)

Unity gain

crossover

Single pole example

Rules of Thumb
An Ideal opamp will have 90° of phase shift from the dominant pole with a constant

20dB/decade slope resulting in 90° of phase margin
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Actual Open Loop Gain

A A
Gain Phase
(dB) (degrees)
Phase margin from higher
order poles occurs after the
unity gain crossover and
reduces the phase margin at
crossover
>
Frequency /* \
(H2) : : \'\ Higher order
Unity gain < poles

\

crossover \
\
\

Rules of Thumb
The opamp will have 90° of phase shift from the dominant pole.
The opamp will have additional phase shift from the higher order poles.

A typical opamp will generally have around 65° of phase margin
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Voltage Feedback Model

VIN
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|deal Closed Loop Gain

Let's determine the ideal closed loop gain when the opamp is
assumed to be ideal with infinite open loop gain:

¢ Vour
Vin —/
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Stability Criteria A2

AHEAD OF WHAT'S POSSIBLE™

Rule of Thumb
To determine the stability of the amplifier circuit, plot the Aol and Acl and look at the phase
margin at their intercept
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180dB-

i RN Rate of
et TS closure
R T~ indicates
T M | phase

™~
60dl "\\

20dl TN
\\

0d| \

-20dB- 0°
100mHz 1Hz 10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz

Rules of Thumb
Phase margin goes hand in hand with the rate of closure between the A, and A, curves
To determine the stability of the amplifier circuit, plot the Aol and Acl and look at the phase
margin (rate of closure)at their intercept

If the rate of closure is 20dB/dec the system is stable
If the rate of closure is 40dB/dec the system is unstable
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120dBE:

Open Loop Gain

100dB
80dB - ---------- ------- |
60dB----------- -------
40dBq- ,,,,,,,

20dB - R S

-20dB -+ - oo+ e bemeedand

-40dB: T Tt T ——r—r—rrr] v ] v Ty T T v Tty T —r—r—r—r—rt
10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz 100MHz

v

» Whatis the slope from 10Hz to TkHz? » Phase shift at 100Hz? » Whatis DC Open Loop Gainin V/V?
» Whatisthe slope from 1kHz to TMHz? » Phase shift at TkHz? » What is GBP at 40dB?
» Whatisthe slope from IMHz to T00MHz? » Phase shift at 10kHz? » Whatis UGF?
» Phase shift at 100kHz » What is Phase Margin?
» Phase shift at IMHZz? » Isthis opamp Unity Gain Stable?
» Phase shift at 1I0MHz? » Assume this opamp is placed inaninverting

configuration. What is the phase marginina
gain of -99V/V?
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Rate of Closure

A single pole system has a slope of -20dB/decade with a total of 30° of phase shift
A two pole system has a slope of -40dB/decade with a total of 180° of phase shift

Gain
(dB)

0dB/dec

If a system has a 20dB/dec rate of closure it is stable
If a system has a 40dB/dec rate of closure it is unstable

-20dB/dec

Frequency
(Hz)

v

Gain
(dB)

0dB/dec

-20dB/dec

-40dB/dec

Frequency
(Hz)

v
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Vout

Vout

Gain
(dB)

-20dB/dec

rp s

+20dB/dec

0dB/dec ?

0dB/dec

Frequency
(Hz)

Gain
(dB)

S

-20dB/dec Vin

+20dB/dec

0dB/dec

Frequency
(Hz)
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90° Phase Margin Ao

AHEAD OF WHAT'S POSSIBLE™

1

Vour

Vine

150m—

T

Gain (@B)

100m—

50m—

Voltage (V)

=Y

Phase [deg]

Frequency (Hz)

Time (5)
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70° Phase Margin

Cmin (B

Phese [ceg]
s

1n 1 i) 10 * 10K 0k
Freeeacy{iz
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Vine

Vour

150m—

100m—

50m—

Voltage (V)

=y

-50m

10u

Time (5)

2u

3u
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45° Phase Margin

Gain (@B)

Phase [deg]

Frequency (Hz)
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3
8
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25° Phase Margin

Phase [deg]

L 2 ) 3 B 1 s 1 e e T T
100m 1 10 100 1k 10k 100k i 104

Frequency (Hz)
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0
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A | T |
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Putting it All Together B

AHEAD OF WHAT'S POSSIBLE™

1. Sketchthe openloop gain(Aol)vs frequency(data is usually available in the
device data sheet)

2. Sketchthe closed loop gain(Acl)vs frequency (requires a quick intuitive
analysis)

3. Observe the Rate of Closure at the intersection of the closed loop gain and open
loop gain

4. If stable

5. If unstable determine how to modify the circuit to ensure a 20dB/dec rate of
closure
6. Estimate or simulate transient response
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Analyze by Hand DEVICES
Voltage Gain vs Frequency
140
10k 10k
120 N
100
=
= 80 AOL
g
W 60
g ACL
a 40
=
20
0 | Vg =415V
Ta=25°C
-0 b——
001 01 1 10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)

Stable or Unstable?
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Transient Response BRI
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V(output)
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Example 1: TIA

Seems stable, what could

possibly go wrong? So let's
build a photodiode amplifier!

V(output)

100mV-

80mV=

60mV=

40mVe

20mVeg--

omv-f---

.............................................................................

..................................................................................................................................................................

..................................................................................................................................................................

-80mV-----

L] ] L]
1.05ps 1.20ps 1.35ps 1.50ps
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Example 1: TIA

Jfosc =50kHz

AD8691

Hmmm! Not stable in the

application! Let's have alook
under the hood...

.........

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved.
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Example 1: TIA

Common-mode

/ capacitance
RF RF
BPW34 <r_|_ccm

10Meg 10Meg

1 5p
DD DD
CPD CDIFF

UTPUT

Differential

Common-mode )
capacitance

capacitance Simplify your analysis by lumping

all the capacitances together

(note: this capacitance is not relevant as it
has ground connected to both sides)

CIN = CPHOT (o] + CCM + CDIFF

Draw the “parasitic” opamp input capacitances and photodiode capacitance on the
schematic, get values from data sheets, simplify and analyze by hand

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved.
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Examp|e 1: TlA DEVICES

100 T T T TTTTTm Ly
-20 dB/dec ‘,{53@" +1.35V AOL and ACL ACL=1+Z—G
20 dB/dec 4 N A C\ = 15pF interceptat , _p
S e 50kHz!  , _ 1
g 2 \\ T /""",/ ¢ 27 fCy
= <11 ]
2 3\ /_(><h_\ i o é Rate of
a phi N 8 closure= 4, =I
g 20 X L \\ 45 g 40db/dec ACLfnmw =%
4§/0 T N |, * =Dunstable
/ N f,= L. 1 =205Hz
_20 5 27R.C,, 2xx10MQxT77.5pf
f, @205Hz
-40 -90
1k 10k 100k 1M 10M 5
FREQUENCY (Hz) 5

Figure 14. Open-Loop Gain and Phase vs. Frequency

1) Get the Open Loop Gain plot from the data sheet
2) Add closed loop gain to the plot
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Examp|e 1: TlA DEVICES

Ve Laov v Solution:
R = 2kQ
80 Ct=15pF Cp= 1 =1.59pf
L ] __— Change rate of closure 27 R,
N 1 |1 . . .
) N in = by adding a capacitor in
z B T g arallel with R¢ to
S 40 E\ g S N0 5 F
5 ol Ne h \ é flatten the gain at high
o "N w
2 20 L \\ 45 g frequency
o "‘"-..
S o T~ [° Now the rate of closure
2 5 is 20 dB/dec
-40 -0
1k 10k 100k 1M 10M 2
FREQUENCY (Hz) .

Figure 14. Open-Loop Gain and Phase vs. Frequency

Analog Devices Confidential Information. ®2021 Analog Devices, Inc. All rights reserved. 1May 2024

1) Get the Open Loop Gain plot from the data sheet
2) Addthe new closed loop gain to the plot
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Examp|e 1: TIA DEVICES

AHEAD OF WHAT'S POSSIBLE™

CF
u
1.59p
RF
BPW34 10vMegV
I ' VDD
CPD <X
IPHOTO 70p ADSGQEI;%—I—OUTPUT
[ VSS
<
: Result:
- [ [ The compensated circuit is
o very stable
\
- Notice that the bandwidth of
the circuit is determined by
I Re//C
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Examp|e 1: TIA DEVICES

AHEAD OF WHAT'S POSSIBLE™

cF For maximum bandwidth while still maintaining 45°
| . . .
035 of phase margin use the following equation:
BPW34 10Meg
CPDI | . VDD Jeour = v I21u
IPHOTO 70p ADS691_ |, UTPUT = zero frequency as a result of the photodiode capacitance reacting with the feedback resistor
l ' Vss f, = unity gain frequency of the amplifier
%

Ay 1/p

140dB 2. Vioutput)

12008 1.4
2v

/

\/

\
\

40d| i
" \\

2. H
10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 0.0ms 0.1ms 0.2ms 0.3ms 0.4ms 0.5ms 0.6ms 0.7ms 0.8ms 0.9lm: 1.0ms
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Increasing Cin

140 —

120 —

100 —

80—
i% 60i /
£ ] Cinincreasing
(O] 40i

20—

'20{ \

-40 T T T T T T T T T \ \HHH‘ \ \HHH‘ T

100m 1 10 100 1k 10k 100k 100M

Frequency (Hz)
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Increasing Opamp BW AR
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140 —

120

80—] [Increasing Unity Gain Crossover

Gain (dB)

-40 T T T T T T T T T T T T T T T TTTTT] Ty T
100m 1 10 100 1k 10k 100k ™ 10M 100M
Frequency (Hz)
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Increasing Rf

Gain (dB)

N
(=)

N
S
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AHEAD OF WHAT'S POSSIBLE™

Increasing Rf

100m

Analog Devices Confidential Information.

©2021 Analog Devices, Inc. All rights reserved.

T T T T T T \
1 10

TTTTTT] \
100

TTTTTr] \
1k

T TTITT 1
10k
Frequency (Hz)

T \
100k

T T \
mw™

TTTTT] \
10M

T
100M
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Increasing Cf DS

AHEAD OF WHAT'S POSSIBLE™

140i
120—|

100—|

i Increasing Cf

. ]

Gain (dB)

-40 T T T T T T T T T TTTT] T T T T T T T T TTTT] T T TTTTT] T T T T
100m 1 10 100 1k 10k 100k m™ 10M 100M

Frequency (Hz)
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Key Lessons Learned BICES

AHEAD OF WHAT'S POSSIBLE™

Input capacitance (on the inverting input) reacts with feedback resistance to create a zero in the
feedback and reduces the circuit phase margin

Large value feedback resistors react at lower frequencies than lower values resistors

Input capacitance can come from PCB traces, wires and cables, protection devices such as diodes,
the opamp itself, sensors

Placing a capacitor across the feedback resistor adds a zero into the feedback loop and increases the
circuit phase margin

Opamp circuits will require stability analysis and compensation, especially:
=  When opamp UGF islarge

» When feedback resistanceislarge

=  When the input capacitance at the summing node is large
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How Do You Simulate for Stability? Qoevces
" I
1 .0p
CP”CB .ac dec 101 1 100MEG
il 1.|!~|3p i .options gfarad=0
RF
—\/\,—= |
10k T L VIN
g L1 (
U1 1T —0
N+
iy +\]_\ AB AC 1
— ¢ ADA4510
o >
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How Do You Simulate for Stability? Roevces

You must break the loop and simulate in the AC domain

At DC the inductor looks like a short and the capacitor appears to be
open

This allows the circuit to converge at its intended operating point

During an “AC" analysis the operating point is first determined, then
the circuit is linearized around that operating point, basically think
about it as the simulator is taking the tangent to the curve

For frequencies above DC, the inductor now appears open and the
capacitor appears as a short and the circuit looks like it is in an open
loop configuration
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How Do You Simulate for Stability? B

AHEAD OF WHAT'S POSSIBLE™

1f 1f
CPCB CPCB
| 2] [ 2]
1.5p 1.5p
RF RF
—\/\ — AR
10k VIN 10k VIN
: O : O
a a
3. Ul =0 <. U2 =0

CIN . AB AC1
= I:(; ADA4510 v

_70p g
v v

|
gl
+ |
S 1
e
L <
)
iy
(—
>
(v
>
M
[y
11

v >

Equivalent circuit at
frequencies above DC

Equivalent circuit at DC
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How Do You Simulate for Stability? L pevices

_abel the amplifier output “AB"...this is also known as the “loop gain”
_abel the summing node “B"...this is also known as the “feedback factor”
n the plot window, plot V(AB)/V(B) ...this is Aol

n the plot window, plot 1/V(B)...thisis Acl, or 1/f

Review the intercept of Aoland 1/ for the rate of closure

Alternatively, you may plot the loop gain, V(AB), and see where the loop gain
crosses 0 dB
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How Do You Simulate for Stability?

T

CF
|1

i
1f
CPCB

.0p
.ac dec 101 1 100MEG

I .options gfarad=0

“ADA4510
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How Do You Simulate for Stability? BT

AHEAD OF WHAT'S POSSIBLE™

100KHz
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How Do You Simulate for Stability? BT

AHEAD OF WHAT'S POSSIBLE™

V(ab)/V(b)

LI BB B |

100KHz
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How Do You Simulate for Stability? BT

AHEAD OF WHAT'S POSSIBLE™

e

/

AB = 0 occurs at the same frequency as Aol = 1/p and
provides the same information, these are just a two ways of
looking at the exact same thing

S gy g PR

T
1KHz
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How Do You Simulate for Stability? B

AHEAD OF WHAT'S POSSIBLE™

Now that we know the problem, choose Cf per the following equations:

fCOMP = \/foU

f, = zero frequency as a result of the photodiode capacitance reacting with the feedback resistor

1
/2= 27R,C,y
/,, = unity gain frequency of the amplifier
1 .

F o
27 f coup R
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How Do You Simulate for Stability? Q5eices
1 1 . , :
f, = = =159kHz 100pF includes photodiode capacitance as
27R.C),  27x10kQx100pF well as input capacitance of the opamp
Feonp =~ oS =159kHz x10MHz =1.26 MHz
C - 1 1 —12.6 pF Since | used 15pF for the hardware, we shall

simulate with 15pF

F 0 fo R, 2wx1.26MHz x10kQ)

Analog Devices Confidential Information. ®2021 Analog Devices, Inc. All rights reserved. 1May 2024 46



o o ANALOG
How Do You Simulate for Stability? L DEVICES
'I CF
[
15 0p
CPCB .ac dec 101 1 100MEG
T — options gfarad=0
1.5p :
RF c1
—\/\— |
10k 1T VIN
3 O
CIN 3
— - & ADA4510 V
70p
< A4
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ANALOG

How Do You Simulate for Stability? BT

AHEAD OF WHAT'S POSSIBLE™
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ANALOG

Time foraDemo DEVICES

AHEAD OF WHAT'S POSSIBLE™
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Physically Connect PCB to ADALMZ2k BRVICES

AHEAD OF WHAT'S POSSIBLE™

Top side of board has silk screen
labelled ADALM2000

Carefully align pins and insert firmly

ADALM2000 should be powered off when connecting or
disconnecting the PCB
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Launch the Scopy Software BETES

AHEAD OF WHAT'S POSSIBLE™

Welcome to Scopy!

Scopy is a powerful toolbox for signal analysis and generation.

Please visit for more information about Scopy.
If you need help, drop a message on our

& Load g1y
{3 Preferences

Abaut Report a bug!
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AHEAD OF WHAT'S POSSIBLE™

Physically Connect the ADALMZ2k to the Laptop DEVICES
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Click onthe Icon ANALOS

AHEAD OF WHAT'S POSSIBLE™

B2 scopy - v1.4.1 - fAbeebl

Welcome to Scopy!

Scopy is a powerful toolbox for signal analysis and generation.

Please visit for more information about Scopy.
If you need help, drop a message on our

&

About

Report a bug!
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ANALOG

Click “Connect” ANALOS

AHEAD OF WHAT'S POSSIBLE™

Calibrate Register

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved.



AHEAD OF WHAT'S POSSIBLE™

The ADALMZk will Begin the Connection Process DEVICES

B Scopy - v1.41 - fdbeebl = >

\dentify Forget device ' Ccalibrate Register
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ANALOG

Successful Connection Looks Like This BEVIcES

AHEAD OF WHAT'S POSSIBLE™

¥ Scopy - v1.4.1 - fdbeeb1 = x

Identify Forget device . Calibrate Register
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Load the Config Files B

AHEAD OF WHAT'S POSSIBLE™

¥ Scopy - v1.4.1 - fdbeeb1 = x

Disconnect Identify Forget device . Calibrate Register
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ANALOG

Navigate to the Config File Location DRVICES

AHEAD OF WHAT'S POSSIBLE™

22 Load session X
A || « Technical Training Topics > Stability Analysic » ADALM200D Stability Setup Files v | Search ADALM200D Stability S... 0

Organize ~ New folder = @

&/ ADALM2000 Stabilit »  Name Status Date modified Type Size

a; Final &) Cap Load Stability Scopy Time Damain C... 11/27,

@ Stability &) TIA Stability Scopy Time Domain Config.ini 1/7/20
& TA

Configuration sett... 15 KB

Configuration sett... 15 KB

# OncDrive - Analog De

I3 This PC
J 3D Objects
B Desktop
45| Documents Register
J Downloads
B Music
&) Pictures
H videos
i& Windows (C)
= USB Drive (D)
= M2k (F)

v

File name: |\ v| Scopy-Files (*.ini) v

Load the file named

“TIA Stability Scopy Time
Domain Config.ini”
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ANALOG

The O-Scope Will be Configured as Shown DEVICES

AHEAD OF WHAT'S POSSIBLE™

B2 Scopy - v14.1 - f4beebl - g

Enable Mixed
Signal View
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ANALOG

If You Click on the Power Supply Label PEVicES

AHEAD OF WHAT'S POSSIBLE™

Scopy - v1.4.1 - fbeeb1

sScorv

®
& rom You will see thatindeed they are set to +/-5V and
Mo are reading back their measured voltages

Tracking ratio control

allly Spectrum Analyzer u Independent
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ANALOG

TIA Schematic Labevices
or2 Seour =N Tofu

Il f, = zero frequency as a result of the photodiode capacitance reacting with the feedback resistor
o i 1
W — " J2= 27R,.C,,
N ’\/1\04'(}{F f, = unity gain frequency of the amplifier
BPW;% _} , j 1 | H?R-M-2_54_1x3 CF _ . 1 -
' 2y ] 7 JcourRs Assume no jumpers are installed
w2 T| /q_]__éDmsm
| GND CHI- . o,
= ?| What is f )"
GND .
What is f,?
Precision, Low-Noise, 10MHz Opamp: ADA4510 What is o
COMP*
Input Bias Noise Spectral Unity Gain Inout Capacitance
Current Density Frequency P P What is the ROC?
Differential: 20 pF . .
10pA(max)  5nV//Hz 10.4 MHz Com oo oRE |s the Circuit Stable or Unstable?
Large Area Photodiode: BPW34 Now assume the parasitic C. = 1.5pf
Active Capacitance Dark Current D)
i Spectral Range @V, =0V @V =0V What changed*

2.6;;22.65 490 - 1120 M 72 pF 200pA Can you draw any conclusions?

61
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TIA Schematic ANALOS

AHEAD OF WHAT'S POSSIBLE™

I 160dB
cF1 140dB—__
RLED 15p SN
AR I 120dB- .
l'?cfk 100dB AUL ~_
LED Carrier IV\{}{I 80d B g NG
oo W i j HDRM-254_1x3 2335 B ~4| f COM P +20dB/dec
34 1 - g it al \\ //“z:’ \
w [P W 20dB D >_ w/1.5pF
GﬁD /"']-sv _ cHI 0dB ’/ .\.\\
o €L -20dB Z J ™ -20dB/dec
GND '40dl.) T T T T T T T T
1Hz 10Hz 1KHz 100KHz 10MHz
Precision, Low-Noise, 1T0MHz Opamp: ADA4510
V(vout
Input Bias  Noise Spectral Unity Gain . 1.0V rout)
. Input Capacitance 0.8V
Current Density Frequency 0.6V Mn_
10 pA (max) 5nV/ Hz 10.4 MHz SALSIETE]E AV 0 UWWWM |
P ' Common-mode: 2pF g-ﬁx ' 1TV
. ' YUV
Large Area Photodiode: BPW34 gig U
Active Spectral Range Capacitance Dark Current 0.6V-
Area P 9 @V=0V @V=0V 0.8V
2.65x2.65 12 1 24
o 420 - 1120 nM 72 pF 200pA Ous  6ps us  18ps s 30ps
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Remove the Jumper

Enable the Signal Generator and the Oscilloscope

Enable Mixed
Signal View

JU oscilloscope

N o S s S S S o S S SS

All Spectrum Analyze

@ Network Analyzer

M signal Generator

@ Logic Analyzer
Pattern Generator

|O Digital 10

=

@ Voltmeter

@ Power Supply

Load oy

{3} Preferences
200.000 mv7div (£2.5)

® a1 &

About

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved.

Cursors

Channel 1

200

mVolts

Autoset

Snapshot

Measure

Trigger

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™




ANALOG

| et's Compensate for 45° of Phase Margin DEVICES

AHEAD OF WHAT'S POSSIBLE™

N 160dB
oF 140dB
0 I 120dB
RE 100dB- AOL ™
L0 arrer WY 80dB

.
g
2 BPW345-Z 2= . HI~ ﬂ 40dB T

R 3 20dB B o~
GND ) —.CHI- 0dB
GRD L -20dB fz -
P -4.0 d B——rrmm—r e
1Hz 10Hz 1KHz 100KHz 10MHz

10V V(vout)

0.8V

e~ 0.6V
fy= 10MHz oo |

f, =150 kHz ——>  Cp=15pF o L

-0.2V-
foomp =1.2 MHz -0.4V
-0.6V-
-0.8V-
-1.0V: I
Ous 6us 12us 18us 24us 30us
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Place the Jumper for 45° Ao

AHEAD OF WHAT'S POSSIBLE™

Adjust the trigger level as needed

sScoRy . Enable Mixed

Signal View

{3 Home

JU osciloscope Channel 1

Al Spectrum Analyzer

00 Msps ggered ~
@ Network Analyzer Cul ( ’

M- signal Generator

@ Logic Analyzer
II pattern Generator
1O pigital 10

=
@, Voltmeter

200

mVolts

Power Supply

Curve Style

Lines

Autoset

Snapshot

load gty
{3} Preferences

200.000 mV/div (£2.5)

@ a1 E

About

Cursors Measure Trigger
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Let’'s Overcompensate the Circuit BNS

AHEAD OF WHAT'S POSSIBLE™

I 160dB
CF1 140dB
P i 120dB-{
w 100dB-{ /.

Y 80dB -
1 W I:J|E)R—M—2_54_1x3 B B, & :
i Land 1 ] PO ~_Toomp
S B 3 o 1/8
w2 q ADA4510 20dB

I 0dB s _
R + -20dB 7 U

'40dB T I'I] I11] T rrl'| |r|] rrl] T

1Hz 10Hz 1KHz 100KHz 10MHz

V(vout)

/

)

\a / P
7

1.0V
0.8V

~ 0.6V
fU~1OMHZ 0.4V /ﬁ \\

f, =150 kHz > fooup = 350 kHz o2 \_
-0.2V:
Cr=47pF -0.4V
-0.6V
-0.8V
1.0V |
Ops 6us 12us 18us 24pus 30pus
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ace the Jumper for >70° pios

AHEAD OF WHAT'S POSSIBLE™

5% Scopy - v1.4.1 - fdbeebl

= scopvY

Enable Mixed
Signal View

4> Home

JU osciloscope Channel 1

I|||||I Spectrum Analyze

@ Network Analyzer

'H’ Signal Generator

@ Logic Analyzer
Pattern Generator

|O pigital 10

=

@, Voltmeter

@ Power Supply p \

mVols

Autoset
Snapshot

s Load o1y

{2} Preferences

200.000 mv/div (+2.5)

@ a1 E

About

Cursors Measure Trigger
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Ouestions? e

AHEAD OF WHAT'S POSSIBLE™
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ANALOG

Driving Capacitive Loads DEVICES

AHEAD OF WHAT'S POSSIBLE™
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ANALOG

Demo Time - Navigate to the Config File Location DEVICES

AHEAD OF WHAT'S POSSIBLE™

22 Load session X
A || « Technical Training Topics > Stability Analysic » ADALM200D Stability Setup Files v | Search ADALM200D Stability S... 0
Organize ~ New folder = @

&/ ADALM2000 Stabilit »  Name Status Date modified Type Size

& Final

&] Cap Load Stability Scopy Time Domain C... 11/27/2
@ Stability &| TIA Stability Scopy Time Domain Config.ini 1/7/202:
& TA

Configuration sett... 15 KB

Configuration sett... 15 KB

# OncDrive - Analog De

I3 This PC
J 3D Objects
B Desktop
45| Documents Register
J Downloads
B Music
&) Pictures
H videos
i& Windows (C)
= USB Drive (D)
= M2k (F)

v

File name: |\ v| Scopy-Files (*.ini) v

Load the file named

“Cap Load Stability Scopy
Time Domain Config.ini”
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The O-Scope Will be Configured as Shown DEVICES

AHEAD OF WHAT'S POSSIBLE™

2% Scopy - v1.4.1 - fabeebl - x

Channel 2

Sets the time per division to Tys/div

Sets the Volts per division to 100mV/div

Autoset

Snapshot

Measure Trigger

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved.
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Let's Configure the Hardware I DEVicEs.

Place jumper at J2

Open Loop Gain ‘
(dB)

STABILITY KWIK

Datasheet

This is what we expect: Aol

1
——— & 270ns
3. 76 MH= In the example
using the ADA4S10
and InF cap load:
Jumper
ADA 510 Second pole
/ located at 1.6 MHz
NEE ,\/\, Ch2
B ~100 0 1000
UGF =10 MHz

Frequency
(Hz)

Sq uare Wave:

250 kHz AC
100 m¥pp At

200mV DC

1May 2024 90
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LTSpice S

mulation

500mV
400mV-

300mV—

200mV—
100mV-
OmV-
-100mV-
-200mV-
-300mV—
-400mV—

-500mV

Analog Devices Confidential Information

| | |
Opuys 2us 4us 6ps 8us 10pys 12us 14us

. ©2021 Analog Devices, Inc. All rights reserved.
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ANALOG
DEVICES

ADALMZ2k Results

AHEAD OF WHAT'S POSSIBLE™

w141 - fibeeh]

Scopy -

Triggered

k Samples at 100 Msps

DO A

oo Onaon

>
-
3
- S
<
7]
=
)
a
]

v
v
i
v
i
v
s
t

276.730 ns
3.614 MHz

At
178t

200 mv/div (#2.5) 100 mV/div (2.5)

=
<
3
=
n
1)
2
>
o
(mm]
o
©
©
c
<
-

dential Information. ©2




ANALOG

Let's Configure the Hardware I DEVicEs.

Remove jumper at J2

Open Loop Gain §
(dB)

EHw
| el CF1

| EECF2

STABILITY KWK DEMD

In the example

.. using the ADA 4510
This is what we expect: and InF cap load
andRs=1000
ADASS1D —/_L Second pole
/ located at LEMHz
- Ch2 \ .
+ ~100 ﬂm m Rise time =200 ns, 5 MHz
1000
UGF = 5 MHz
InF 1/ ‘/ -
I Frequency
Sguare Wave: [HZ)

250 kHz ac |
100mVpp A
200 mV DG

1May 2024 93
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LTSpice Simulation 1@ DEVICES

S00mV
somv-t
300mV—
200mV—~/
oomv-{ T T T
omv—y, """"""""""""""""" """"""""""""""" """"""" - '.'_".'.L"_'Il'_fgﬁl."ZZL'_'_JIJI'Z;I'l """ """""""""""""""""
A00mvV— e
200MV— s S SRR
300mv- . — :
400mvV- e .
-500mV | | | :

163.15264MV oo mmommm e

| | |
Ous 2us 4us ©6pys 8us 10pus 12us 14us
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ADALMZk Results ANAOS

AHEAD OF WHAT'S POSSIBLE™

Scopy - w121 - fbeek - X

1.000 pssdiv. 1.6 k Samples at 100 Msps Triggered

S R RO RESETEES T REETIIE IR,
N ' ' i 8767 ps.0A56V | H :

DR NNENE),

CurV1 = 633.166 mv
Curv2=427136mvV. T
AV = 206.030 mV

200 mV/div (#2.5) 100 mV/div (2.5)
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THANK YOU B

AHEAD OF WHAT'S POSSIBLE™
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