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Overview

* Why do we care about Gm tolerance of the error amp inside VRMs?
e Background on transconductance amplifiers

* Basics of feedback loops and control theory

e Case study — Gain sensitivity and nonlinear distortion

e Case study — VRM output impedance and stability

e Summary & conclusion



% Why do we care about the Gm tolerance of the Error Amp inside of VRMs?

Transient Response Shunt vs. Series Compensation

Per ADP2389 ERROR AMPLIFIER (EA)
Datasheet Transconductance 9m 450 500 550 uS
VRM Step Load Response - Shunt vs. Series Compensation VRM Step Load Response - Shunt vs. Series Compensation
1.825 Step Load = 10A, 1 usec rise time 1825 Step Load = 10A, 1 usec rise time
ADS 1m9 VRM Gm =min 450 uS ADS 1 m9 VRM Gm = nominal 500 u
1.797 =t m12 ADI Recommended Design R 1797 YamBm m12 ADI Recommended Design
| ; A 4 ----_ -u-----l | ISHGNT e g e v -
1.769— SHUNT o 1.769— 1 o7
1 3 IR o SERIES I e SERIE
S 1741 E "" Improved Flat Z Design N 1741 : s Improved Flat Z Design
8 1713 v @ 1713 H
5 I 9 1 g i i
Z e84 v 7 e Series compensation
oo WP 16— ¥ mitigates the effects
. es| Ohunt Step Response = 148.015 mV . 6yg| Shunt Step Response = 138.782 mV d G I
| Series Step Response = 11.099 mV "] series Step Response = 10.946 mV ue to Gm tolerance
1.600 1.600
T T 1 T T T T T U

180.000 204.375 228.750 253.125 277.500 301.875 326.250 350.625 375.000

time, usec

ADP2389 Datasheet Gm min = 450 uS

| ‘ ' \ ‘ | ' \
180.000 204.375 228.750 253.125 277.500 301.875 326.250 350.625 375.0
time, usec

ADP2389 Datasheet Gm nominal = 500 uS

Let’s talk about how to improve your design WITHOUT ADDING COST
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EDI
é The Voltage Regulator Module (VRM)

* What is the buck regulator VRM
composed of?
* Logic Drivers
* Switches

* PWM Comparators with Slope
Compensation

* Error Amplifier

e Loop gain T(s) is part of the
VRM'’s closed-loop transfer
function

* The Error Amplifier feedback loop
and transconductance affect the
VRM'’s output impedance
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EDI
:E Background on Transconductance Amplifiers

* A voltage-to-current converter, also called a Transconductance amplifier
* Accepts input voltage V, and yields an output current of the type i, =g,V
* Current mirror

in

* Transconductance amplifiers are also known as Error Amplifiers (EA) in the VRM

 These amplifiers have wide bandwidths and are inexpensive feedback amplifiers in
a VRM

* This is, perhaps, the most common type of feedback amplifier in use today
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VRM Error Amp with Shunt vs. Series Compensation
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An error amplifier accepts the signal V. and yields the output signal
Vo = aVg

ONLINE

Negative Feedback Amplifier Basics

Sergio Franco

A feedback network which samples the V_ and produces a feedback signal is defined by:

Referenced from “Design with
Vfb = ,BVO Operational Amplifiers and Analog
Integrated Circuits by Sergio Franco”

Where the difference between the summing network is:

Ve =Vin = Vip =Vin =BV, Transconductance = a

Eliminating V, and V¢ and solving the equation for A =V_/V. yields:

. Vo a
Closed-loop Gain A= T Trap

Where our Loop Gain (T) or return ratio is defined by:

T=af

Noise gain = .
Where our desensitivity factor is defined by: B

=1+ af

EDI CON Online 2022 Technical Session 8



é Gain Desensitivity with Feedback

Differentiating the closed-loop gain equation o4 yields:

w1 N source L84

da  (1+ apB)?

Since 1 + aff = A/a, we can rewrite and rearrange the above equation to be:

6A_ 1 Ja
A 14T «

Replacing differential with finite increments and multiplying both sides
by 100, we can approximate:

10022 = 1 (10029
A 14T a
o ReferencclecAfrom ”Desigg Xvitf;
. . . . . e e g . erational Amplifiers and Analo
For T sufficiently large, even a substantial change in a will cause an insignificant change in A Intograted Circuits by Sergio France”

It becomes apparent that negative feedback desensitizes gain!




CONE

Gain Insensitivity with Series Feedback

RZ ’ Gm ’ Rshunt
R{ + R,

Avshunt =

aAvshunt _ RZ ’ Rshunt
G, R, + R,

RRRRRRRRR
AMP

§ R2
Rshunt § ERROR_AMP +1

=V _ref

RZ ’ (Gm ’ Rseries - 1)

AV =
Vseries TR ¥ Ry + Gy Ry - R,

aAvseries RZ ’ Rseries Rl ’ R% ) (Gm ’ Rz—l)

aGm R1 + R2 + Gm' R1 ¢ Rz B (R1+R2 + Gm' R1 * Rz)z

Vout

Rseries
A R1

VRM
FDBK
Vcom p acomPl ERROR
N AMP
+ | wret

ERROR_AMP N § R2

Y POWER INTEGRITY

| USING ADS

Referenced example from
“Power Integrity Using ADS”
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Case Study

Gain Sensitivity & Non-linear Distortion Reduction

Shunt vs. Series Feedback Compensation

T ey | wis | VRmType

CASE 1
CASE 2
CASE 3
CASE 4
CASE 5

Note:

ADP2389
1ISL8026
LM20143
TPS7H4003*
MAX20098

Analog Devices
Renesas/Intersil
Texas Instruments
Texas Instruments

Maxim

*Radiation-tolerant, designed for Space applications
**Internal compensation is set based on specific pin configuration. This EVAL used external compensation for this case study

Current Mode
Current Mode
Current Mode
Current Mode

Current Mode
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External
External or Internal™*
External
External

External
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CASE 1 - ADP2389 Error Amplifier

Per ADP2389
Datasheet

Av
Av

=1.67
=1.67

shunt

series

ERROR AMPLIFIER (EA)
Transconductance Im 450 500 550 MS
EA Source Current Isource 40 50 60 MA
EA Sink Current Isink 40 50 60 MA
l bt | I+ . Vout shunt
AR [E&] VAR I 'll' Vout_Series 1 '||| = B
@ AC rﬂ'ﬂ’ DC VAR1 vV_DC - vV_DC \
——— Vin=-1 SRC13 | R SRC12 =
AC DC —E00e. . T R6
ACT DG Gm_error_amp=500e-6 Vde=Vin V R8 Vde=Vin V 2
Start=100 Hz INDEX=1 Vac=1 § R=20 kOhm A Vac=1 R=20 kOhm
Stop=10.0 MHz corner="nominal -
Step= R11 Pl
£J8/| BATCH SIMULATION l - R=45.5 kOhm - Vcomp_shuF?t
' e VCOMPp_series L_'_
) ERROR |OOMP — ¥ R12
BatchSim Controller et | AMP R ERROR_AMP R=10 kOhm

BatchSim1
Analysis[1]="AC1"
Analysis[2]="DC1"
UseSweepModule=yes
SweepModule="CSV_List"

SweepArgument=".\_000_models\Eamp_G_sweep_ADP2389.csv"

¥R _{_—'_"

R9 — ERROR_AMP
§ R=10 KOhm

X17
Gm=Gm_error_amp

EDI CON Online 2022 Technical Session

R7 =
g R=10 kOhm

X18
Gm=Gm _ermror_amp
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EDI
j% CASE 1 - ADP2389 Error Amplifier Vcomp Output

Gain Sensitivity & Linear Distortion — Shunt vs. Series Feedback

ADP2389 VRM
Nominal Error Amp Output

_1.800

1.763—

) I
)

1.725—

1688 SERIES nominal

185

1.650—

SHUNT nominal

- 1613

1.575—

mag(AC Vcomp_shunt[1
mag(AC Vcomp_series|1

1.538

mag(AC Vcomp_shunt)
mag(AC . Vcomp_series)

1.500

ADP2389 VRM
Min/Max Error Amp Gain Glope: Series vs. Shunt

LT 1.85

1.80—

1.75—

SHUNT max
SERIES minfmax

1.70—

1.65—

1.60—

1.55—

1.50

SERIES min

mag(AC Vcomp_shunt)
mag(AC . Vcomp_series)

SHUNT min

1.45

ADP2389 VRM

Sensitivity to G_erroramp: Series vs Shunt

1.80—

1.75—

1.70—

1.65—

1.60—

1.55—

1.50—

1.45

SHUNT
SERIES
5 © © © © o9 o o o ©
(=] (=] (=] (=] (=] (=] (=] (=] (=] (=]
(=] (=] (=] (=] (=] (=] (=] (=] (=] (=]
= & ® ® ® & & &8 a &
on o = =] [Ls] [==] =% %] [ =y

S5000°0

Gm_error_amp

This validates there is significantly greater sensitivity with shunt feedback

Series feedback is less sensitive to gain variation and exhibits less linear distortion

EDI CON Online 2022 Technical Session
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CASE 2 - ISL8026 Error Amplifier

Per ISL8026 | COMPENSATION
Datasheet

Error Amplifier Transconductance

Internal compensation 60 pA/V

Assume +/=50% variation External compensation 120 uA/V

Min = 60 uA/V, Max = 180 uA/V

Av =

shunt —

Gm tolerance is a HUGE
performance factor

Many VRM datasheets
do not include the Gm
tolerances

Av =

series —

I -
| + | Vout_shunt
- VAR ”'l ! l} ) out_Series . ||
st [0 @3 - Vine et . SRC12 R
n=- SRC13 R -

AC DC Gm_error_amp=120e-6 —vi RS Vde=Vin V R6

DCA Vde=Vin V
AC1 INDEX=1 Vac=1 R=200 kOhm Vac=1 R=200 kOhm
Start=100 Hz comer="nominal" —AAA/
Stop=10.0 MHz R

Step= Y . V )
’ . Vcomp_shun
/ R=908 kOhm {t S
/1 BATCH SIMULATION I vz {t} B *AMP
%mw \com D_Series r .

R

BatchSim Controller ure | AMP R7 — ERROR_AMP R12
BatchSim 1 R _L ! R=100 kOhm X18 §R:WDD kOhm
Analysis[1]="AC1" R9 = ERROR_AMP Gm=Gm_ermor_amp

Analysis[2]="DC1"

UseSweepModule=yes

SweepModule="CSV_List"
SweepArgument=""_000_models\Eamp_G_sweep_ISL8026.csv"

R=100 kOhm  x17
Gm=Gm_emor_amp

I[N ——
I
I}
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E

mag({AC Vcomp_shunt[1,::])

DI

mag(AC Vcomp_series[1,::])

% CASE 2 - ISL8026 Error Amplifier Vcomp Output

Gain Sensitivity & Linear Distortion — Shunt vs. Series Feedback

ISL8026 VRM ISL8026 VRM ISL8026 VRM
Nominal Error Amp Output Min/Max Error Amp Gain Glope: Series vs. Shunt Sensitivity to G_erroramp: Series vs Shunt
4000 P - 6
' SHUNT
T SHUNT nominal | 27 &- 27 5]
2905 SERIES nomina 2% 1 SERIES max SHUNT max =
oo 4 e 4]
994 55 55 SERIES
>> .1 SERIES min =>4
QO go
3.992— << L
£ £ o] £ E 2
] SHUNT min
3988 T | T | T | T | T | T | T | T | T | T 1 | T | T | T | T | T | T | T | T | T | T 1 ] T | T | T | T | T
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 0.00006 0.00008 0.00010 0.00012 0.00014 0.00016 0.00018
freq, MHz freq, MHz Gm_emor_amp

This validates there is significantly greater sensitivity with shunt feedback

Series feedback is less sensitive to gain variation and exhibits less linear distortion
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EDI
Mé CASE 3 - LM20143 Error Amplifier

ERROR AMPLIFIER AND MODULATOR

Per LM20143
Datasheet

Av
Av

=3.38
=3.38

shunt

series

IF Feedback pin bias current Veg =08V 1 100 nA
lcomp src COMP Qutput Source Current Veg = Veouwp =06V 80 100 HA
leomp_snik COMP Output Sink Current Veg =1.0V, Veonp = 0.6 V 80 100 HA
|Gm Error Amplifier Transconductance lcomp = £ 50 pA 450 510 600| pmho
AvoL Error Amplifier Voltage Gain 2000 VIV

wlac] | |oc
—

AC DC

AC1 DC1
Start=100 Hz

Stop=10.0 MHz

Step=

VAR
VAR1
Vin=-1
Gm_error_amp=510e-6
INDEX=1
corner="nominal”

BATCH SIMULATION

BatchSimController
BatchSim1
Analysis[1]="AC1"
Analysis[2]="DC1"
UseSweepModule=yes
SweepModule="CSV_List"

SweepArgument="\_000_models\Eamp_G_sweep_ LM20143 csv"

It 1F—~—

V_DC
SRC13

Vde=Vin V
ac=1 §

out_Series

PR

RS
R=576 kOhm

|” ! || +  Vout_shunt

M

R

R11

R=31.4 kOhm {t}

AN

1 I

crron Joowe VCOMP_series
AMP

Ro —  ERROR_AMP

R=11.3 kOhm

EDI CON Online 2022 Technical Session

xX17
Gm=Gm_ermor_amp

Referenced example from
“Power Integrity Using ADS”

V_DC
SRC12
Vdc=Vin V
Vac=1

TR
R6E
§ R=5.76 kOhm

R7 =
§R:11_3 kOhm

1}

AMP

TR £ ERROR_AMP

Gm=Gm_ermor_amp




EDI
% CASE 3 - LM20143 Error Amplifier Vcomp Output

Gain Sensitivity & Linear Distortion — Shunt vs. Series Feedback

LM20143 VRM LM20143 VRM LM20143 VRM
Nominal Error Amp Output Min/Max Error Amp Gain Glope: Series vs. Shunt Sensitivity to G_erroramp: Series vs Shunt
. 3600 . 4D 4D
o ] ' SHUNT max '
=TT 3533 . 38 . 38
= ] £ - Eg SHUNT
5c 3467 538 3542ERIES max G0 36
53 . . oo ala|
25 4407 SHUNTnominal 55 a4 S5 34 SERIES
S ] S5 . TSERIES mi 35 1
== N . QO min Q0
dg 3@ SERIES nominal £ 32 T 32
- £ g SHUNT min E g
EE 3.267— 30 3.0+
32["] u T I T I T | T | T | T | T I T | T | T 28 T I T I T I T I T I T I T I T I T | T 28 T | T | T | T | T | T | T | T
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 g 10 0.00044 D.00D0O46 0.00043 000050 0.00052 D.0OO54 0.00056 0.00058 D.000G0
freq, MHz freq, MHz Gm_error_amp

This validates there is significantly greater sensitivity with shunt feedback

Series feedback is less sensitive to gain variation and exhibits less linear distortion
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Per TPS7H4003
Datasheet

Av =

shunt 11.5
Av

11.5

series

CASE 4 -

PS7HA4003 Error Amplifier

ERROR AMPLIFIER
Error amplifier input offset voltage Vsense = 0.6V =2 2.55 mV
VSENSE pin input current Vsense = 0.6 V -15 15 nA
rror amplifier transconductance (g, =2 HA < lcomp < 2 A, Vicomp) = 1 115 1 4 H
E lifi d 2 HA < | 2 pA, ) Vv 0 800 2400 S
Error amplifier DC gain'® Vsense = 0.6 V 10000 VIV
Error amplifier source ) _ 100 140 190 pA
- - Vicompy = 1V, 100-mV input overdrive
Error amplifier sink 100 140 190 HA
Error amplifier output resistance 7 MQ
ﬁ AC @ DC Ed Ei& 1 | I|I + . Vout_shunt
'—_ - Vni :_1 1 + -
i{é’ ’ 8{61 Gr[r11_err0f_amp:180{)e-6 I § [|)Ll out_Series gﬁ%{b R
INDEX=1 / DC -
Start=100 H N t R Vdc=VinV 5 R6
Stop-10.0 MHz comer=tnominal Vaevinv L R8 ———W\———— Vac=1 §R=1Dk0hm
Step= Vac=1 § R=10 kOhm Em

e/

Batch Sim Controller

BatchSim1

Analysis[1]="AC1"

Analysis[2]="DC1"

UseSweepModule=yes

SweepModule="CSV_List"
SweepArgument="\_000_models\Eamp_G_sweep_TPS7H4003.csv"

BATCH SIMULATION

R=126 kOhm {}

VRM
FDBK

ERRoR | Vcomp_series
AMP

VET
A -
R9 ERROR_AMP

§R:15_4k0hm = X17
Gm=Gm_error_amp

EDI CON Online 2022 Technical Session

Vcomp_shunt

vEM
Tk \I
ERROR [2OMP,

- y
R
R ERROR_AMP R12

X18 R=10.5 kKOhm

R7
§ R=154kOhm Gm=Gm_error_amp
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EDI
% CASE 4 - TPS7H4003 Error Amplifier Vcomp Output

Gain Sensitivity & Linear Distortion — Shunt vs. Series Feedback

TPS7H4003 VRM TPS7H4003 VRM TPS7H4003 VRM

Nominal Error Amp Output Min/Max Error Amp Gain Glope: Series vs. Shunt Sensitivity to G_erroramp: Series vs Shunt
12.000 16 .. 16

1875 ) i SHUNT max ) | SHUNT
11.750— . | . )
11_525—_ .
| SERIES nominal 12 12 SERIES

11.500

11.250—

) .

mag(AC Vcomp_series[1,::])
mag(AC.Vecomp_shunt)
mag(AC Vcomp_series)
mag(AC Vecomp_shunt)
mag(AC Vcomp_series)

mag(AC Vcomp_shunt[1,:

I SHUNT min

11.125—

11.000

— T T T T T T ] T T T 1 T T T T T 6 — T T 7 T T T T T T T T T T T ] T 6 T T T I T I T I T I T T T
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 00010 0.0012 00014 0O016 00018 00020 0.0022 0.0024

freq, MHz freq, MHz Gm_error_amp

This validates there is significantly greater sensitivity with shunt feedback

Series feedback is less sensitive to gain variation and exhibits less linear distortion
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CASE 5 - MAX20098 Error Amplifier

Feedback Leakage
Current

Per MAX20098 Ezeﬂ?:t?:nl-g?ér ViN = 3.5V t0 36V, VFg = 1V 0.01 %V
| Regulation Errg

Data S h eet Transconductance (from
e

Ieg Tp = +25°C 0.01 1 A ‘

VEg =1V, Vgias = 5V 220 500 650 uS

o . . . . ° .
Av =4 -44% variation from nominal +50% variation from nominal
shunt
Avsenes - 4 | + ) ||| ! I|I| +  Vout_shunt
Eﬂ VAR | i || Vout Senes I |
@ AC ?2?,3 bC -VAR1 i y DC' V_be .
Vin=-1 e SRC12

AC e Gm_ermror_amp=500e-6 SRC13 R VWV Vde=Vin V R6

AC1 DC1 INDE X=1 Vde=Vin V R8 R Vac=1 § R=10 kOhm

Start=100 Hz corner="nominal" Vac=1 § R=10 kOhm R11

Stop=10.0 MHz - R=52 kOhm

Step= ek

&%/| BATCH SIMULATION l ﬁ,m Veomp_series

Nic y R
+
BatchSim Controller R i R ERROR_AMP R12
BatchSim 1 R9 —_— ERROR_AMP R7 — X18 - R=10 kOhm
Analysis[1]="AC1" § R=40 kOhm X17 R=40kOhm Gm=Gm_error_amp

Analysis[2]="DC1"

UseSweepModule=yes
SweepModule="CSV_List" =
SweepArgument="" 000_models\Eamp_G_sweep_MAX20098 csv"

Gm=Gm_error_amp
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EDI
% CASE 5 - MAX20098 Error Amplifier Vcomp Output

Gain Sensitivity & Linear Distortion — Shunt vs. Series Feedback

MAX20098 VRM MAX20098 VRM MAX20098 VRM
Nominal Error Amp Output Min/Max Error Amp Gain Glope: Series vs. Shunt Sensitivity to G_erroramp: Series vs Shunt
___ 400000 a5 a5
~= assemn] SHUNT nominal s SHUNT max ~ s0-
- 1 = =%
=% . so 451 SERIES max SO 45
cg 99%9%— SERIES nominal 25 25
=] 7 | 40 | 4.0—
217 399994 E'gl E-g' SERIES
£E . S5 35— S5 35
S S 399992 >> SERIES max > >
> i QO ap Q0 3.0
gu 399990 33 S'f(’
L 3999907 82 25- 83 25
g% . EE 2 EE *° SHUNT
EE 399983 20 SHUNT min 2.0
3.99986 T | T | T | T | T | T | T | T | T | T 15 T | T | T | T | T | T | T | T | T | T 1.5 IIIIIIIIIIIIIIII|IIII|I TT I|I T
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 g g g g g g g g g g
freq, MHz freq, MHz § § % é § § % g % %

Gm_error_amp

This validates there is significantly greater sensitivity with shunt feedback

Series feedback is less sensitive to gain variation and exhibits less linear distortion
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Case Study using the Sandler State-Space Average Model

VRM Output Impedance and Stability Analysis

Shunt vs. Series Feedback Compensation

U ey | wis | VRmType

CASE 1
CASE 2
CASE 3
CASE 4
CASE 5

Notes:

ADP2389
1ISL8026
LM20143
TPS7H4003*
MAX20098

Analog Devices
Renesas/Intersil
Texas Instruments
Texas Instruments

Maxim

*Radiation-tolerant, designed for Space applications
**Internal compensation is set based on specific pin configuration. This EVAL used external compensation for this case study

Current Mode
Current Mode
Current Mode
Current Mode

Current Mode

EDI CON Online 2022 Technical Session

External
External or Internal™*
External
External

External
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.é CASE 1 - ADP2389 Qutput Impedance & Step Load Response

Shunt vs. Series Compensation
ADP2389 EVAL

VRM Qutput Impedance - Shunt vs. Series Compensation

ADS

Impedance (Ohms)

R

ADP2389 EVAL

Step Load = 10A, 20 usec rise time

VRM Step Load Response - Shunt vs. Series Compensation
" 18mQ @ 50kHz [EEZE =104, 50 1

_| ADI Recommended D\‘lsign'/

----------- X m12
SHUNT L e

SERIES

L

L 4 Improved Fla

Flat Z means 88.6%
improvement in
transient response

Shunt Step Response = 95.438 mV
Series Step Response = 10.844 mV

2E-2
1E-2— ” 1.797
ADI RecommegMded Design i
u 1.769—
’ 1.741—
&, — :
) > ]
o o 1.713—
’ re) i
’ =~ 1684
; SERIES R
1E3— ¢ 1.656—]
4 Improved Flat Z Design .
" 1.628—
| | | |
1E2 1E3 1E4 1E5 1E6 1E7 1.600
0.0
freq, Hz
series .3M

IIII]]IIIlIIIIII]]IlIIII

625 125.0 1875 250.0

312.5

375.0 437.

time, usec

4
Series compensation allows VRM output Z to be flat -> Better Transient Response

EDI CON Online 202
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Shunt vs. Series Compensation

ADP2389 EVAL

VRM Shunt Compensation Z vs. QTg - NISM Analysis

5E-2

e

=3
o

M1

)

VRM SHUNT Z

1E-2—

Sandler_NISM_Zout

mag(

1E-3—

1E4

—1E3

—1E2

—1E1

| | | | |
1E2 1E3 1E4 1E5 1E6 1E7

freq, Hz
QTg_freq

Sandler_NISM_PM: 56.988 degrees
Z Frequency: 50233.474 Hz

Q Frequency: 60398.011 Hz
Effective Q: 0.867

R =2.3MQ

series

*Non-Invasive Stability Measurement (NISM)
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CASE 1 - ADP2389 Stability Analysis with NISM

VRM Series Compensation Z vs. QTg - NISM Analysis
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Sandler_NISM_PM: >71 degrees
Z Frequency: 22954.516 Hz

Q Frequency: 22954.516 Hz
Effective Q: 0.004
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Shunt vs. Series
ISL8026 EVAL

VRM Output Impedance - Shunt vs. Series Compensation
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ISL8026 EVAL

VRM Step Load Response - Shunt vs. Series Compensation

Step Load = 5A, 6.29 usec rise time
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Shunt Step Response = 185,615 mV

Series Step Response = 41.014 mV
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% CASE 2 - ISL8026 Output Impedance & Step Load Response

Flat Z means 779
improvement in
transient response
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Series compensation allows VRM output Z to be flat -> Better Transiént Response
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VRM Shunt Compensation Zvs. QTg - NISM Analysis
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Sandler_NISM_PM: 57.150 degrees
Z Frequency: 158919.481 Hz

Q Frequency: 182473.251 Hz
Effective Q: 0.836

R =4MQ

series

*Non-Invasive Stability Measurement (NISM)
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é CASE 2 - ISL8026 Stability Analysis with NISM

Shunt vs. Series
ISL8026 EVAL

VRM Series Compensation Z vs. QTg - NISM Analysis
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Sandler_NISM_PM: >71 degrees
ZFrequency: 60398.011 Hz

Q Frequency: 60398.011 Hz
Effective Q: 0.021
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LUI % CASE 3 - LM20143 Qutput Impedance & Stability with NISM

Shunt vs. Series Compensation

LM20143 EVAL

VRM Output Impedance - Shunt vs. Series Compensation
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LM20143 EVAL
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VRM Series Compensation Z vs. QTg - NISM Analysis
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Sandler_NISM_PM: >71 de S

Z Frequency: 91430.028 Hz
Q Frequency: 91430.028 Hz
Effective Q: 0.060

Flat Z means 96.7%
reduction of Q

EANAN

Series compensation allows VRM output Z to be flat -> Better Transient Response
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é CASE 4 — TPS7H4003 QOutput Impedance
Shunt vs. Series Compensation
TPS7H4003 EVAL

VRM Output Impedance - Shunt vs. Series Compensation
9E-2

ADS
2 .| SERIES
6 Improved Flat ZDesign
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freq, Hz

Series compensation allows VRM output Z to be flat -> Better Transient Response
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% CASE 5 - MAX20098 Output Impedance & Stability with NISM

Shunt vs. Series Compensation
MAX20098 EVAL

VRM Output Impedance - Shunt vs. Series Compensation

 4E-1
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o 1E1-
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> Maxim Recommended Design
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R..... = 650 kQ F i
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freq, Hz

Series compensation allows VRM output Z to be flat -> Better Transient Response
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EDI .
E Call to Action

* VRM manufacturers need to provide designers the flexibility to choose
between a shunt or series compensation

 Select Current Mode VRMs with the following:

* Access to Vcomp
* No internal compensation or at least the ability to disable the internal compensation

* Perfect regulation is a terrible thing......
* Because that means zero ohms.

* Flat VRM output impedance means better dynamic current response!
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il -
CONIE Summary and Conclusions

e Series Compensation with a VRM design allows:
* Better stability
Better transient response
Flatter VRM design
Reduced gain sensitivity
Ability to design the VRM to match the impedance of the load

* Flatter VRM output impedance means better power delivery to your PDN

POWER DISTRIBUTION NETWORR
eSO LR

POWER INTEGRITY

...........

“Power Integrity Using ADS" “Power Distribution Network ol ety Meosung Optining g
. . ”
by S. Sandler Design Methodologies” by I. Novak Systems” by 5. Sandler
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Twnk You for Atending

Feel Free to connect with us on LinkedIn

Join the Power Integrity for Distributed Systems LinkedIn Group

@iignal Edge Solutions @ PICOTEST 'EEEI—X\%!_?GITIEI
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CASE 1 - ADP23389 EVAL - ADI Design

Shunt Compensation
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CASE 1 - ADP2389 EVAL - Flat Z Design

Series Compensation
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CASE 2 - ISL8026 EVAL — Flat Z Design

Series Compensation

Small Signal Hybrid State Based Averaged VRM Model
Including Discontinuous and Continuous Mode (DCM) Operation
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CASE 2 - ISL8026 EVAL — Intersil Design

Shunt Compensation

Small Signal Hybrid State Based Averaged VRM Model
Including Discontinuous and Continuous Mode (DCM) Operation
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CASE 3 - LM20143 — Picotest Design

Series Compensation
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CASE 3 - LM20143 — Tl Design

Shunt Compensation
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CASE 4 - TPS/7H4003 EVAL — Tl Design

Shunt Compensation

Small Signal Hybrid State Based Averaged VRM Model
Including Discontinuous and Continuous Mode (DCM) Operation

e Measured Output Z
X - i ower and Power
X TPS7H4003 EVAL PDN Decoupling and Load P OFF and P ON
it Tl Design
Po et ) ONJOFF Z Measured
onad Pt Averaged Small Signal Output [ rse= . e
e = (AC Sweep PDN Impedance) | viv T ﬁ‘m_s;
l::‘ =] %‘_0 oulput Z-50 Obm z—;“ucnm
oM = mh——t ;5 E‘ns . J ~ gl-?w: DFF;-: ;-:ON
= Vo Gnd_Dul R=RDS uOnm =130 N Termaz .51,;5 snps
R=2.36 mOmm SALC R10 Num=1 R
iflf:?ésnmrerAD F=R_load Ohm Z=50 cam
= uly L-C_ESLnH
L e = IMPEDANCE Measured Power Supply Rejection Ratio
g%‘:‘é!i” tm_wélope Compensation o fore
T e
Fa=1 o R
cempnsrg L-SRC R Large Signal Output
. SET for\Von0.543v@9.7A o Switching Ripple Transients

Lz

A R *13 - =
Output Transconductance Amplifier (OTA) & N = ot S eramy
coue R=td.4 ko 2‘0:2_%3 “ L=C_ESLnH
et C=Cap_CuF 1
:zmskmm{l} ok . 'S’-R:C; L =
c out-i4guAQy T WASEV -
cz FE=13nA £}
C=0pF{} c AJOL=10000 g} I
C Gm=1150u
4:G-IUnFﬂ} GEW-T5 MMzl —=
Tuned Variables for Matchin . ) . .
VRM Model with Measuremgnt Three Separate Simulations in one Schematic
Variables Simulation Controllers
B (@] [@R] smraerms | [@] weavoncaaance |
TemSmom AC S_Pamm Ham onlSalancs
RDS-425 fif =
AT S Surar e
C:ESR-GEI]IEI H} gzs:&ﬂ Mz g:z:iﬂ MHz Orderi}=128
C_ESL-07511 §#
Cap_C=1220 {4}

EDI CON Online 2022 Technical Session



ONLINE

CASE 4 -

Series Compensation

Small Signal Hybrid State Based Averaged VRM Model

PS7H4003 EVAL — Flat Z Design

Including Discontinuous and Continuous Mode (DCM) Operation
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CASE 5 - MAX20098 — Flat Z Design

Series Compensation

Small Signal Hybrid State Based Averaged VRM Model
Including Discontinuous and Continuous Mode (DCM) Operation

PDN Decoupling and Load
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CASE 5 - MAX20098 — MAXIM Design

Shunt Compensation

Small Signal Hybrid State Based Averaged VRM Model
Including Discontinuous and Continuous Mode (DCM) Operation

PDN Decoupling and Load
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