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Agenda 

•Circuit Block Overview 

•Linear Control Loop Architectures 

•Non-Linear Control Loop Architectures 

• “Best to Use When” Summary 

•Additional Resources 
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Circuit Block Elements of Loop Control 

On Timer 

PWM Comparator Error Amplifier 

Oscillator 
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Linear Control Architectures 

• Voltage Mode 

• Voltage Mode with Voltage Feed Forward 

• Current Mode  

• Emulated Current Mode 

• Internally Compensated Advanced Current Mode (ACM) 

 

Control Architecture Summary 
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Voltage Mode Control 

ADVANTAGES 

• Single feedback loop 

• Good noise margin with 

fixed ramp amplitude 

• Voltage regulation is 

independent of current 

DISADVANTAGES 

• More difficult double-pole 

compensation 

• Output caps affect 

compensation 

• VIN affects loop gain – 

modulator gain (Vin/ramp) 

not constant when Vin 

changes 
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Voltage Mode w/ Voltage Feed-Forward 
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Ramp Generator Circuit 

• Varies the PWM ramp slope 

with line voltage 

• Excellent response to line 

variations.  PWM does not 

have to wait for loop delays 

to change the duty cycle 

• Useful when input voltage 

varies 
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Current Mode Control 
ADVANTAGES 

• Fast response to output current 

changes 

• Single-pole compensation 

• Inherent current limiting 

• Inherent feed forward 

• Multiple phase current-sharing 

possible 

DISADVANTAGES 

• Need for slope compensation to 

eliminate sub-harmonic oscillations 

• Occurs when L ripple current 

doesn’t return to initial value 

• At low currents, current signal can 

become lost in noise  

• Current limit “tail” 

• Noise sensitivity due to leading edge 

current spike 
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Current Mode Leading Edge Spike 

Filter out the leading edge spike with a RC filter 

 

Use leading edge blanking 

This portion of the duty cycle 

is un-available  & precludes 

narrow pulses (high Vin to 

Vout ratios) 

Waveform Distortion is a 

problem for small duty cycles Filter 
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Emulated Current Mode Control  

Inductor current is EMULATED by: 

• Measuring inductor voltage and 

estimating current ramp 

• Measuring diode current 
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Sample and Hold 

• A forced off-time of 500ns is 

implemented each cycle to allow time to 

sample and hold diode or sync switch 

current. 
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Emulated Current Mode Control 

Advantages 

• Eliminates the leading edge spike 

– Allows much smaller duty cycles 

– Eliminates false triggering 

• Ensures a clean current waveform when 

operating near the minimum on-time. 

• The low current noise problem is much 

improved 

– Less need for a minimum load 

• All the other advantages of current mode 

control remain 

Tsw

80ns

Disadvantages 

• Maximum frequency and duty cycle 

is limited 

– Forced off-time is fixed and 

becomes a higher % of 

switching period 

– Less % of on-time is available 

at high frequency 

– Forced off-time needed for 

Sample and Hold current 

sensing circuit 
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Internally Compensated Advanced Current Mode (ACM) 

• Voltage loop generates control voltage with true Vout error 

information 

• Ramp loop includes pseudo inductor and DC current information 

• Ramp loop processes VIN and PWM signal with slope 

compensation to create emulated peak current signal 

• Loop comparator adds up all outputs from voltage and ramp loop 

• PWM terminates when sum of positive inputs is higher than sum of 

negative inputs 

Advantages 

• True fixed frequency modulation 

• No external compensation, with 

wide stability range 

• Excellent stability with higher 

loop bandwidth and phase 

margin than peak current mode 

• Large signal to noise ratio with 

high ramp voltage amplitude 

Disadvantages 

• Slower load transient response 

than Constant On Time or DCAP 

Control  
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ACM Control 

Frequency 

Control with 

Type III 

Compensation 
 

• Internally generated ramp provides fixed frequency 

operation without external compensation 

• RAMP pin adjusts the ramp level of the internal loop  

with a resistor to AGND to accommodate various 

inductor and capacitor selections 

• RAMP resistor allows optimization of load transient 

response time and jitter 

• ACM provides the advantages both of constant on-time 

(D-CAP™)  and fixed frequency peak current mode 

control 

 No external compensation components or 

calculations – saves space and time 

 Fast load transient response  

 Predictable fixed frequency operation 

 Frequency synchronization 

Internally Compensated Advanced Current Mode (ACM) 

12 



Non- Linear Control Architectures 

• Hysteretic 

• Constant On Time (COT) 

• COT with Emulated Ripple Mode 

• D-CAPTM (Direct Connect to the Capacitor ) 

• D-CAP2TM 

• D-CAP3TM 

• DCSTM (Direct Control w/ Seamless transition to Power Save 

Mode) 

Control Architecture Summary 
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Hysteretic Control Scheme 

TON  - Terminated by VFB > VREF (HIGH) 

TOFF  - Terminated by VFB < VREF (LOW) 
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14 



Hysteretic Control 

ADVANTAGES 

• Simple controls - bang/bang system 

• No loop compensation 

• Fastest response to load changes 

• High light load efficiency 

 

DISADVANTAGES 

• Variable switching frequency 

• Needs protection against magnetic saturation  

• Requires some output ripple - ESR 

• Sensitive to output noise 

• Circuit delays limit maximum frequency 
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Constant-On-Time (COT) 

TON  - Terminated by On-Timer  

TOFF  - Terminated by VFB < VREF 
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COT Fast Transient Response 

• COTs have no error amplifier and compensation to limit the 

bandwidth  

• This results in very fast response to load/line transients. 

Fast 30us Response 

Load Current 

Inductor Current 

VOUT 

Zoomed 
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A BIG NO-NO!        
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COT w/ Emulated Ripple Mode (ERM) 

Patented ERM technology satisfies ripple requirements of COT control: 
 

– Emulated Ripple is coupled internally to feedback comparator from low-side 

switch of buck power stage 

– No ripple required at regulator output (clean Vout) 
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COT Advantages and Disadvantages 

 

 

 

 

Advantages 

• Simple design 

• No compensation required 

• Excellent transient response 

• Works for high step-down ratios 

• Minimizes frequency shift compared 

to hysteretic 

Disadvantages 

• Requires ripple at feedback node for 

stability (ESR) 
- ERM or injection circuit solves this 

 

• No oscillator for fixed frequency (or 

Synchronizable) operation 

 

• Sensitive to output noise as it 

translates to feedback ripple 

  

 
20 



D-CAPTM Mode (Adaptive On-time) 

Direct Connect to the Capacitor (D-CAP) 

• Each Ton pulse duration is calculated based upon Vin, Vout, nominal Fsw 

• Each time the falling feed-back voltage equals Vref, a new ON pulse is generated 

• There is no loop lag time.  Pulse by pulse adjustment, comparator and the ‘one shot block’ lag 

are smaller 

ADVANTAGES 

• No loop compensation 

• Fastest response to load changes 

DISADVANTAGES 

• Quasi fixed switching frequency 

• Output voltage has a ripple 

component 

• Ton and T jitter is expected, with 

smaller L and C 

• Requires some output ripple (ESR) 

• Sensitive to output noise  
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Compared Transient Response 
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D-CAP2TM Control Mode 

Ripple fed back 

inside IC 

Vout ripple very small 
VFB ripple virtually zero 

Basically, D-CAP2TM is D-CAPTM plus internal ripple injection allowing  

for output ceramic capacitors use without added components 

 

Advantage over DCAP 

• Use when ceramic output 

caps are required: Less ripple 

than DCAP 

Disadvantage 

• Offset voltage generated 

from emulated ramp 

reduces Vout accuracy 
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D-CAP3™ Control Mode 

• New ramp generation design has been  implemented 

• Sample and Hold circuit removes offset voltage from emulated ramp 

• Offset caused by the ripple amplitude can be canceled 

• Improved load regulation over D-CAP2 

DCAP-3 

DCAP-2 
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D-CAP3 Control Mode Comparison 

DCAP-2 Waveform DCAP-3 Waveform 

• In DCM, VFB≈Vref 

• In CCM, VFB=Vref+Ramp/2>Vref 

• Offset generated by ramp reduces Vout 

accuracy 

• In both DCM and CCM, VFB≈Vref 

• Offset generated by Ramp is removed and 

Vout accuracy is improved 
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COT (LM5xxx) and D-CAP™ (TPS5xxxx) 

Constant On Time for LM Devices 

• One Shot Timer set inversely 

proportional to Vin. Datasheet 

specifies the on-time. 

• Provides nearly constant frequency for 

varying input voltage. 

D-CAP for TPS5xxxx devices 

• One Shot Timer set inversely 

proportional to Vin and proportional to 

Vout. 

• Provides nearly constant frequency 

for varying input voltage. 

Both methods achieve the same results to keep the frequency nearly constant 26 



DCS-Control™ 

Proprietary Ramp Circuitry Feeds VOS (Vout) to Comparator 

• VOS pin connected to Vout at Cout 

• Ramp Compared to Error signal from E/A like 

Voltage Mode 

• Error Amplifier for Precise DC Regulation 

• Hysteretic Comparator for Fast Response  

• On Timer, set by Vin & Vout,  for PFM mode and 

Constant Operating Frequency 

Advantages 

• Fast transient response by direct path 

to output voltage (VOS). 

• Additional voltage mode loop and E/A 

for high dc accuracy (FB). 

• Seamless transition between PWM and 

Power Save Mode (single building 

block – no switch, no glitch). 

• Supports low ESR output caps. 

 

Disadvantages 

• VOS pin is noise sensitive 

• Forced PWM mode at high duty cycles 
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DCS Performance 
CH1 – VOUT @ 50mV/div 

CH2 – IL @ 1A/div 

CH3 – ILOAD @ 1A/div 

No disturbing bursts during the 

transition between PWM and Power 

Save Mode 

Output voltage 

Inductor Current 

Load Current 

12V to 3.3V, 1A to 2A step with 

2.2uH and 22uF 

42 mV total 

ILOAD 

1A/div 

VOUT 

20mV/div 

10µs/div 
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High Level “Best to Use When” Summary (linear modes) 

Voltage Mode 

• Use when synchronized / fixed switching frequency is needed.  Usable 

for small input voltage variations and lighter loads.  

Voltage Mode with Voltage Feed Forward 

• Input voltage changes – Useful in Automotive, Battery Systems & Back 

up. 

Current Mode  

• Synchronized / fixed switching frequency is needed with lower parts 

count.  Easier to design with type 2 compensator – no double complex 

pole. 

Emulated Current Mode 

• Low duty cycles versus traditional current mode, without current noise 

susceptibility. 
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High Level “Best to Use When” Summary (cont. – non linear) 

Hysteretic 

• Low cost – Few parts count.  Fast transient response. Inherent light load 

efficiency 

DCAP, Constant On Time 

• Fast transient response when using POSCAP or medium ESR Cout. Psuedo-

fixed Fsw 

DCAP2, DCAP3, & Constant On Time with Emulated Ripple Mode 

• Fast transient response when using ceramic Cout. Reduced parts count. 

Advanced Current Mode  - ACM 

• Fast transient response, reduced parts count with predictable fixed frequency 

operation 

DCS (Direct Control w/ Seamless transition to Power Save Mode) 

• Light load efficiency is needed, fast transient response, reduced parts count. 

30 



Search on the Web for a Control Mode 
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Quick Reference Guide SLYT710 

Download from www.ti.com.    Search SLYT710 
32 
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TI Design - EXAMPLE  
High-Density 12Vin, 1.2Vout, 60A POL Reference 
Design with Stacked TPS546C20A PMBus DCDC 
Converters 

• Description 

• The TPS546C23 provides a single IC for both control & the synchronous power 

stage for high current DC/DC applications and allows doubling of the current 

capability with use of two of the same part.  Multi-phase also allows output ripple 

cancellation and effective higher bandwidth control for a given switching 

frequency. PMP20490 shows a high current two phase application with inductors 

on top of control ICs for smaller footprint and two on board dynamic loads. The 

test report shows performance and efficiency with two sources of inductors. 

• Features 

• Complete high current 2 phase DC/DC converter with all the advantages of 

phase interleaving using only two of the single phase parts 

• Fixed frequency voltage mode control allows for user selection of switching 

frequency and synchronization to an external clock 

• Inductors on top of controllers for small overall footprint 

• Rich test interface including a self contained high speed dynamic test load and a 

Signal Generator driven dynamic test load 

• Schematic, BOM, layout and test report focusing on efficiency & ripple 

performance with two sources for the inductors 33 

Visit: ti.com/tidesigns 

 

Part number: 

PMP20490 

http://www.ti.com/tool/PMP20490?keyMatch=pmp20490&tisearch=Search-EN-Everything


Thank You!  

34 



 

35 35 


