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Power-supply applications re-
quire the use of a duty-cycle 

clamp. Such applications include 
those using current-sense transform-
ers and two-switch forward converters. 
If a duty-cycle clamp is not present, 
the transformers could saturate, caus-
ing a catastrophic failure in the system. 
However, to drive down the cost of the 
design, many power-supply designers 
use inexpensive, eight-pin PWM con-
trollers that have no duty-cycle clamp. 
This Design Idea shows how to add an 
inexpensive duty-cycle clamp to these 
PWM controllers.

You can add the circuitry to most 
PWM controllers to provide a pro-
grammable duty-cycle clamp (Figure 
1). The circuitry comprises a few pas-
sive components, a hysteretic com-
parator, and a gate-driver IC. Resistor 
R1 and capacitor C1 program the duty-
cycle clamp’s dead time. Resistor R2 
and diode D1 reset the timing circuitry 
when the output of the PWM control-
ler goes low. Resistors R3, R4, and R5 
set the comparator’s trip point, VTRIP, 
at 5V. Resistor R5 adds �2.5V of hys-
teresis to the comparator to ensure cir-
cuit stability.

The following example shows how 
to set the circuitry in Figure 1 for a 
maximum duty cycle, DMAX, of 0.9. The 
PWM controller operates at a switch-
ing frequency, fS, of 100 kHz. Most 
PWM controllers cannot reach 100% 
duty cycle and have a specified dead 
time. For this example, the dead time 
is 300 nsec. To set the timing capacitor 
also requires knowing the maximum 
output of the PWM output voltage, 
VOUT. In this example, the maximum 
output voltage is 12V. The timing ca-
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you can raise VCC to 15V with adjust-
ments to the bias resistors or raise C1’s 
value by using parallel nonpolarized ca-
pacitors. Alternatively, you could raise 
R2’s value, although selection is sparser 
for potentiometers with values greater 
than 1 M�.

If your application does not require 
a long time constant or if you use the 
aforementioned methods to increase 

the time constant, you can eliminate 
R5 at the expense of a higher level 
differential input to IC1B and cor-
respondingly faster integration. You 
could also eliminate IC1D and the 
R7-R8 resistive-bias divider that con-
nects directly to IC1B’s Pin 5, but re-
sistor tolerance becomes more critical 
to minimize differential error (refer-
ences 1 and 2).EDN
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Figure 2 A SPICE simulation of the circuit in Figure 1 shows the clamping 
action cutting in at 90% duty cycle.
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Figure 1 This simple circuit clamps the duty cycle of a switching regulator to 
90%.
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This Design Idea presents an ef-
ficient way to do QAM (quadra-

ture-amplitude-modulation) mapping 
and translation into two’s-complement 
values with only two inverters and no 
look-up tables.

Suppose you want to create a 256-
level QAM signal using a microcon-
troller and two 10-bit DACs with a 
parallel input in two’s-complement 
notation. Because you can split a 
256-level QAM signal into a 16-level 
ASK (amplitude-shift-keying) signal 
for the in-phase component and a 16-
level ASK for the quadrature compo-
nent, a symmetrical approach is fea-
sible. The fully symmetrically circuit 
performs the 16-level ASK mappings 
and translations (Figure 1). Two in-
verters are the only glue logic you 
need for the conversion. Each part of 
the circuit converts four output bits 
of the microcontroller into a 10-bit 
two’s-complement vector, which feeds 
directly to the DACs (Table 1). The 
possible DAC-input values are equally 
distributed. The third column of Table 
1 gives the normalized DAC output 
after an optional current-to-voltage 
conversion.

For 256-level QAM signals, you 
need 8 input bits, which exactly fit 
the width of a general-purpose-I/O 
bank on most microcontrollers. Si-
multaneously setting all 8 bits ensures 
synchronization between in-phase 

and quadrature signals. You 
can easily adapt this circuit 
for any QAM constellation 
or DAC resolution. Because 
this circuit is fully digital, you 
can also embed it in FPGAs 
or CPLDs, using the invert-
ers available in the output 
buffers.EDN
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pacitor is roughly 130 pF. The design 
uses a standard, 120-pF capacitor. The 
following equations describe the cal-
culations: t�(1�DMAX)(1/fS)�dead 
time�700 nsec, and

A SPICE simulation with the circuit-
ry in Figure 1 ran to ensure that the 
duty-cycle clamp works with the cir-
cuitry. Figure 2 shows the results of 
this simulation. VOUT is the output of 
the PWM controller, VT is the voltage 
at the inverting pin of the comparator, 
VTRIP is the voltage at the noninvert-

ing input of the comparator, and gate 
is the output of the gate-driver IC. 
From the waveforms in Figure 2, you 
can see that the duty-cycle clamp ap-
pears to be working correctly, clamp-
ing the output of the gate driver to 
90%.EDN
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Figure 1 This circuit converts 2�4-bit outputs from the microcontroller into 
2�12-bit, 16-level ASK values.

TABLE 1 INPUT AND OUTPUT
Microcontroller 

output
DAC input DAC output 

(V)

0000 1000 0000 10 �0.998

0001 1001 0001 10 �0.863

0010 1010 0010 10 �0.730

… … …

0111 1111 0111 10 �0.066

1000 0000 1000 10 0.066

… … …

1101 0101 1101 10 0.730

1110 0110 1110 10 0.863

1111 0111 1111 10 0.998
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