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Peak Current Mode Control Basics

Peak Current Mode Control Basics: Subharmonic Oscillation
Constant-On-Time (COT) Control

COT Advantages and Challenges

MPS’s Adaptive COT Control

MPS’s COT Power Modules for FPGA

Using Power Modules to Simplify Hardware Design
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Peak Current Mode Control Basics
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Linear Control
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Slow Loop - Voltage

The error amplifier output (COMP) defines the peak current (Ip,) for the next cycle:
 If the compensation voltage (V-oyp) iNCreases, then I and the duty cycle increases
« If the input voltage (V) drops, then the duty cycle increases until the required I, is reached,

and the output voltage (Vo) is maintained



Peak Current Mode Control Is Not Sufficient for Certain Applications

For applications where fast transient responses are required, current mode control is not fast enough.

« Goal: Faster transient response
 Thought Process: Transient response can be improved by not waiting for the clock.
« Solution: Use constant-on-time (COT) control to fix the on time while allowing the frequency to change.
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Constant-On-Time (COT) Control

For applications where fast transient responses are required, current mode control is not fast enough.

« Goal: Faster transient response
 Thought Process: Transient response can be improved by not waiting for the clock.
« Solution: Use constant-on-time (COT) control to fix the on time while allowing the frequency to change.
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Constant-On-Time (COT) Control

COT control does not use a clock:
* When Vg ; falls bellow the reference voltage (Vgge), the high-side MOSFET turns on
« The on time is constant and determined by the one-shot timer, while the off time is variable
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Constant-On- Time (COT) Control

Advantages Disadvantages

» Excellent load transient performance. * Must generate a slope on FB (e.g. using

o About 4x faster compared to fixed- COUT_ESR)
frequency current mode » The switching frequency (fs,,) is not

- Simple architecture does not require constant due to variations in the off time

compensation « Output filter design is difficult and

- Seamless transition between light loads undesired in many sensitive systems

and heavy loads
» Does not require an internal oscillator
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COT Advantages: Fast Transient Response
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COT Advantages: Fast Transient Response

Peak Current Mode Constant-On-Time

Tektronix File  Edit Uty Help Tektronix
Add New... Add New...

.

VoutiAq) AN B | vout(aQ \
| — :

100 mV/div \,
|

100 mV/div “f 523mv V;:)K_PK (18%) 170mV VPK-PK (1_2-5%)

» 3x faster transient response compared to peak current mode with the same components and set-up:
o 12V input, 3.3V output, OA to 3.5A load step
o 1pH Loy 2X22uF Cqoyr
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Example: Virtex-7

VCCINT Stability Requirement: 3% (30mV)

MPM3695-25

3V to 16V V Range

Continuous Output Current (Io,1) Up to 20A
Supports PMBus/I2C for Monitoring and Control
COT Control for Fast Transients

1% Reference Voltage (Vrge) across a 0°C to 70°C
Temperature Range

Vour Remote Sense
Support Parallel Operation Up to 50A
Available in a QFN-19 (10mmx12mmx4mm) Package

SEQ1 —

SEQ2 —

5-12v
mma MPM3695-25
1V, 20A
g EN PG SEQ2

mm a MPM3606A
1.8V, 4A
mmda EN €] SEQ3

a4 MPM3606A

1.5V, 1.5A

SEQ3 —- 15}

Virtex-7

VCCINT, VCCBRAM

VCCAUX

VCCO, DDR
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COT Advantages: Simple Architecture

Since COT control does not require a compensator, no time is spent tuning the compensator parameters.

Cc2
il

C1 R2 C3
—i— W

FB R1
W \ COMP

REF /

PWM
'_V‘”

PWM

Current
Mode

No Delay

Vour

COT
Control

mes



COT Advantages: Transition from Light Loads to Heavy Loads

Due to variable frequency, COT control provides intrinsic pulse-skipping capabilities, enabling a
linear transition between light-load operation and continuous conduction mode (CCM).
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Low-Voltage Series: MPM3804, MPM3814C, MPM3824C, MPM3834C

MPM3804

+ 2.3Vto 5.5V YV,  Range 22V t0 5.5V 1 SVI0.6A 2B ™ oo XXVIOBA
. o ' VIN ouT ’ * ') J_ J_
* Adjustable Output from 0.6V J_ J_ o o . &
c1 22uF 10pF 100kQ _

- 100% Duty Cycle in Dropout ”’”FI MPM3804 R 1 4 :':M“MGG :: 1 )
. o =~ ENo——JEN FB - EN ) PG
2.4MHz Switching Frequency (fs) - o N
+ Low Profile: 0.9mm GND 20002 J_
* QFN-10 2mmx2mmx0.9mm) Package J; = =

» Best-in-Class Efficiency Total Solution Size: 3.7mmx3.7mm 1.2V, 1.8V, 2.5V, 3.3V Fixed-Output Version Available

 EN and PG for Sequencing
+ COT Control

Efficiency vs. Load Current
M PM38 14C/24C/34C VIN VOUT VOUT =1.2V
100

2.75V to 6V 1.2V/ 2A
+ 1A/2A/3A Pin Compatible o . IN ouT —o° 95
2.75V to 6V V,, Range Cl —L oS —L 2 £ 90
° . IN E———
: ZZHFI MPM3824C ; a5 =1 TTHUAN
» Adjustable Output from 0.6V — i, B i =T
- FCCM and DCM Available 2 &
i — EN w75
* Low Profile: 1.2mm e \V/IN=5V
70 ——VIN=3.3V
*+ ECLGA-14 (2.5mmx2.5mmx1.2mm) Package PGND__AGND 65 .
- Best-in-Class Efficiency I 0.0 0.1 10 10.0

LOAD CURRENT (A)
« COT Control

* 100% Duty Cycle in Dropout mps



COT Challenges: Variable Frequency in Steady State
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MPS Solution: Adaptive COT Control
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COT Challenge: Stability Is Dependent on ESR

COT control compares the feedback voltage to a set reference voltage.
The feedback voltage ripple has two main components:
1. ESR ripple: Directly proportional to the inductor current (I,), with no delay/phase difference

2. Vap ripple: Caused by charging/discharging the output capacitor, and is delayed with respect to |,
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COT Challenge: Stability Is Dependent on ESR

If the ESR ripple dominates, the V; ripple is in If the V,p ripple dominates, the V1 ripple is
phase with I, and the circuit operates correctly. out of phase with I, and the circuit can enter
subharmonic oscillation.

Duty

Duty
: ESR ripple
ESR ripple
kE EAtDELAY
NN\ N\ N\ Canacitoripple W Capacitor ripple
Total ripple Total ripple
Ve Ve

COT requires output capacitors (Cyy7) With large ESR for stability.
If low-ESR capacitors are used (e.g. MLCC), the circuit may become unstable. mps



MPS Solution: Current Ripple Injection

VIN

Option 1: Use Cy; with sufficient ESR
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MPS Solution: Current Ripple Injection

Option 2: Add an external ramp
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MPS Solution: Current Ripple Injection

VIN

Option 3: Use the RC circuit to generate a slope voltage and ensure that the FB ripple is in phase with I,
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MPM3695-100: 100A Power Module

V=16V 10k 1 1.2V Output . ' :u', ::
Key Advantages Inp:;cml VIN TAKE  vouT 10((1)«

& [imcs  [WRCS
8 [mmco memcI0

I
o

s T MPM3695-100 23 2
. 3V to 16V V,, Range o O p— |
PG O T == 100uFx4
° 05V tO 33V VOUT Range ALT 10k VOSNS- | { a s CARUI T amp,-49
. O— CV9 M0 C25 el oMY s A6
« 100A of Continuous Current (60A for 3.3V Vo) - ADDR
SET< ISUM< =

» Parallel Up to 800A

SET> ISUM>
PASS RUN GND

Small Size and Easy to Use
e Very simple 100A+ solutions

e BGA packages enhance mechanical and
thermal stress as well as reliability

e |2C reports any system faults

e Four phases interleaved inside

e Multi-phase COT (MCOT) for fast transients

e Minimum external components

e Only three layers required for layout e Saves up to 50% of C,; compared with e Individual module/phase faults can be
. competitor modules
e Saves board space: Allows for high- P detected
speed traces underneath o | v | & | | s s | rmm i [)_____w ().[x).
i | +2.87% 1 MPS - Multi-Topology Module User Interface
VOUT/ AQ,_M‘,_\_M__N,_," L }f’ \ |- ”,N,MW_‘__"J MEZDFEZ0SA-Fartsl @ MEZIPEI0GA - Fat2 @
I (20mV IV) \‘u /’J e s S e o Buck-Boost Mode Dual Buck M ode
! ] ' ‘ 7 ; ' -1.84%
sieNellie ¢ Meets stringent transient requirement for FPGAs and ASICs
o] e ol e 1
oy 5 ‘ " 100A step ' ' E
O O O O O 1 ! +
K} 0 0 ONONO L _ ‘ 20us/div
IQSSHDSRAWR : : : : : IOUT | | 100A/U$
0SNS+ADDRADDR A i o ® @ (05mV‘/A)
O 0 ofle o [:zo.u-wun 1MQ By:500M ] K S 24.8mv )[20.0psiciv somsis  200.0nuspt
5 5 ole o - 20.0mVidiv 1 8200 :!:::w su-'us:v“u
. - . . BTN T T Coll
@D Mox  [224mV__ [22.400002m [224m  [224m |00 o
= = - i AdAmV_ |A4am Aaam  [144m  Joo e
@) Wigh  [492mv__ |49 200002m [9.2m _ [92m |00 o
Q@D Free'  [3756hMz_[975.60976k [975.6% o756k [0.0 10 o]

2x Modules, 100A Step, Peak to Peak 3%, 2500uF Cqt




Save Up to 50% on External Components

H 10,0M ::: .
ll»vl Ous 10k po r 17,04 )

')ﬁmdzu.omvw 2 ® 0V @ 30.0:/\ ) ((40.0us )
VOUTA 60-A load step 100 A/psec
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Auto-Interleaving COT

MPM3ES5-100

MPM3695-100

0 00" 180° 2 oo° 180° 270° o
Take Pass Take Pass
 MPS scalable power modules allow for up
Run .
to 8-phase operation
 Active current balancing ensures equal
current across all outputs
PRy « Automatic master/slave detection and
MPM3655-100 MR- L0 : ) )
phase counting via the TAKE pin
0 45 i3 180° 735 70 315"
Take Pass Take Pass
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COT Challenge: DC Offset Error

Vout
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ESR ripple HS
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« Add an integrator to compensate the %2 (V7 ripple) influence

» The voltage loop is a slow-speed loop, which is used for DC regulation only
» Does not impact transient speed
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MPS’s Adaptive COT Control

Advantages Disadvantages

» Excellent load transient performance: * Must generate a slope on FB (e.g. using
o About 4x faster compared to fixed- COUT_ESR)
frequency current mode « fs,y IS NOt constant due to variations in the
- Simple architecture does not require off time
compensation » Output filter design is difficult and
- Seamless transition between light loads suboptimal in many sensitive systems

and heavy loads
» Does not require an internal oscillator

* Integrated slope generator to keep the
converter stable, even with low ESR

* Quasi-stable frequency during state-state
operation

» Auto-interleaving for simple power scaling
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MPS’s COT Power Modules for FPGA

10A

MPM3695-10
3.3V to 16V, 10A,
0.5V to 5V Vour,
COT Control, LGA-45
(8Bmmx8mmx2mm)

MPM3683-10
2.7V to 16V, 10A,
0.6V to 5.5V Vour,

COT Control, LGA-29

(7mmx7mmx4.4mm)

20A

MPM3690-20A/B
4V to 16V, A: Dual 13A,
B: Single 26A, 500kHz to

1.6MHz, BGA
(16mmx16mmx5.18mm)

MPM3683-20
2.7V to 16V, 20A,
0.6V to 5.5V Vour,

COT Control, LGA-29

(7mmx7mmx4.4mm)

30A

MPM3690-30A/B
4V to 16V, A: Dual 18A,
B: Single 36A, 500kHz to

1.6MHz, BGA
(16mmx16mmx5.18mm)

MPM81204
4V to 16V,
Dual 12A, Dual 5A,
0.6V to 5V Vour, BGA
(9.5mmx16mmx4.98mm)

S50A

MPM3690-50A/B
4V to 16V, 25A,
A: Dual 25A, B: Single 50A,
COT Control, BGA
(16mmx16mmx5.18mm)

MPM3690-50D
3.2V 10 16V, 12A, 5A,
0.5V to 3.6V Vour,
COT Control, BGA
(16Mmmx16mmx5.18mm)

100A+

MPM3698/99 .
4.5V to 16V/3V to 16V, Multiple
Single 120A, Dual 80A + Outputs

40A, Master/Slave, BGA
(15mmx30mmx5.18mm)

MPM3695-100
3.2V to 16V, 100A, Parallel
Up to 800A, Interleaved
COT Control, BGA
(15mmx30mmx5.18mm)

MPM82504

3V to 16V, Quad 25A,

Flexible Output Parallel,
MCOT Control, BGA

(15mmx30mmx5.18mm)
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MPS Power Module: Key Advantages

Monolithic Power Stage Customized, Soft Improved EMI Performance
Saturation Inductor
/

N

f

MeshConnect™
Packaging Technology

f
| _
' A
]l \Vide Temperature o
Range Passives I

MP2152 x 2

MPM38111

Module Layout Optimized for EMI:

 Smaller Switch Node

« Small Solution Size
« Simplified Board Layout « Smaller Hot Loops

* Minimum Components  Fast Time to Market

 Full Qualification as a Complete

Power Supply
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