Digital versus Analog Power
          “Courtesy Zilker Labs, Inc.”


A system designer needing 13 different low-voltage, high-current supplies on a single PCB doesn’t care if the power management and control ICs are analog or digital; he simply wants a device that will meet all of his needs. However, there seems to be no end in sight for the industry debate: “Will digital power replace analog power?” Industry analysts, semiconductor suppliers, power-supply module vendors and embedded system designers seem to have an endless appetite for discussing this topic year after year. This is perhaps because proponents on both sides of the debate are unable to make the compromise associated with either solution. A traditional analog implementation lacks the integration, control and monitoring features offered by digital solutions, and a pure digital product is less efficient than its analog counterpart.
When we discuss the technology and not the problem we’re trying to solve, we’ve already lost the debate. However, by discussing the requirements of the design with 13 supplies and contrasting them with the attributes of both analog and digital solutions, we may be able to put an end to this debate.
Why are there so many power supply domains anyway?
Every time there is a shrink in the CMOS technology used to manufacture FPGAs, ASICs, processors and memory chips, the logic density of these devices increases by the square of the shrink factor. This allows us to put more transistors in a smaller space which in turn increases the power required for these chips at a geometric pace. To compound that problem, the finer geometry chips can’t tolerate a supply voltage as high as the previous generation.  
Since power is the product of voltage and current, when we reduce the supply voltage, we must increase the supply current by an equal amount. All these factors contribute to the problem and result in digital ICs that require supply voltages near 1V at currents in the tens of amps.
Digital chips built using a 130 nm or smaller gate-length often require a custom supply voltage.  In fact, a given processor chip may require a different power supply voltage depending on the frequency at which the chip is clocked.  In addition, a single processor chip may require five different supplies! It is easy to see that with just a couple of processors on a PCB, the number of supplies gets out of hand quickly.
What issues do designers face when trying to power these chips (loads)?
In addition to requiring high-current at a tightly regulated low voltage, modern digital ICs require a tighter regulation tolerance and faster transient response. These loads typically require that they be powered-up in a very precisely controlled and deterministic way with respect to other chips on the PCB.  Very little resistance or inductance can be tolerated between the supply converter and the load. In fact, this has given rise to the term Point of Load, or PoL, which refers to a switching power supply that uses a PWM (pulse width modulator) to convert a higher “intermediate” voltage required by the load right at the load
In addition to providing precise, deterministic power, system designers also need the ability to keep track of the “health” of a power supply.  
In a perfect world, power supplies would cover a wide range of operating conditions and would be very easy to use.  They would be flexible and would adapt to changing load conditions while maintaining a high efficiency.
Analog Power Conversion
For the sake of simplicity, this discussion is limited to synchronous buck controllers.

The simple goal of a power supply is to produce a higher power version of a reference voltage that is stable in the face of changing operating conditions. This is true regardless of technology choice.
A simplified block diagram for a typical analog synchronous buck controller is shown within the dashed lines in Figure 1.  This topology has been around for many years, is well understood and yields very efficient, high-performance power supplies.
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Figure 1.
Analog Based Buck Controller
The main elements of the analog supply include an error amplifier that compares a fraction of the supply’s output voltage to the ideal reference voltage; VREF. The reference voltage is typically fixed by the design of the controller IC and the output voltage is set by adjusting the ratio of resistors R1 and R2.  Any error in these resistor values will add to the inherent error in the controller.

The resulting analog error signal is filtered, amplified and summed with a clocked ramp generator. This summed signal creates a pulse train to drive the output switching drivers.  

The driver block switches the output power-transistors (FETs) at a frequency determined by the ramp generator. The controller turns the FETs on and off in a way that when filtered by the inductor and capacitors, will result in the desired DC output voltage. This filtered output is then compared to the reference voltage and the control loop is closed.

The analog buck controller is simple and familiar. The devices are inherently fast and can be switched at high speed.  However, these controllers require as many as 30 discrete devices to “configure” and they do not lend themselves to easy interrogation by system-level electronics.  

Given that the energy being controlled by these devices is high, it is becoming increasingly important to manage and monitor their status.  This requirement and the desire to have a single controller cover a wide range of applications is why system designers are calling for digital power.
Digital Power Conversion
Figure 2 is a simplified block diagram of a digital buck controller. The topology is similar to the analog counterpart but has one major difference: the ratio of the supply output is digitized and compared to a reference voltage to produce a digital representation (number) of the error voltage. From this point on, the control information remains digital (including the pulse width number).  

Once this information has been digitized, there is almost no limit to how the supply can be configured, managed and monitored.  
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Figure 2.
Digital Based Buck Controller
There is, however, a big drawback to this approach. System designers often require a fast switching speed in order to minimize the size of the output filter components (inductor and capacitors) and reduce the time it takes to respond to changes in the load (transient response). This means that practically speaking, the A/D converter must digitize the output at or above the switching speed and the control law processor must make all math calculations in between each sample of the A/D converter. 
In order to have a high accuracy supply, the A/D converter needs to be high resolution.  

The above conditions translate into two unfortunate requirements: a high-resolution/high-speed A/D converter and a high clock-rate control-law/PWM processor.  These two issues drive two other unfortunate realities: digital buck controllers burn up to ten times the power of their analog counterparts and must be manufactured using a high-speed IC process that is not compatible with the voltage requirements of this application.

How do we resolve this debate?
Mixed-Signal Power Conversion
Mixed-signal IC design involves the clever combination of CMOS analog IC design, signal processing mathematics and gate-level digital IC design implemented in a digital IC process. 
Mixed-signal technology offers a unique combination of efficiency, intelligence and integration not available in either pure analog or digital approaches. Historically, when an industry is presented with a mixed-signal solution, it makes a wholesale transition to the mixed-signal product. We have seen this happen with numerous technologies in the last 25 years, including audio, hard drives and cellular handset transceivers. 
Our industry is at a crossroads in the long-standing debate between traditional analog and emerging digital power management and conversion solutions. Each of these methods forces the user to compromise between efficiency and control. However, mixed-signal power solutions can give customers the best of both worlds. This solution represents the next step in the evolution of power technology.

[image: image3.emf]DIGITAL

Highly controllable

Integrated

Scalable

High performance

Efficient

Fast

ANALOG

MIXED

SIGNAL

DIGITAL

Highly controllable

Integrated

Scalable

DIGITAL

Highly controllable

Integrated

Scalable

High performance

Efficient

Fast

ANALOG

High performance

Efficient

Fast

ANALOG

MIXED

SIGNAL




































R2





























R1





Figure 3.


Mixed-Signal: The Best of Both Worlds
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