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APPLICATION NOTE

UC3842 PROVIDES LOW-COST CURRENT-MODE CONTROL

The fundamental challenge of power supply design
is to simultaneously realize two conflicting objec-
tives : good electrical performance and low cost. The
UC3842 is an integrated pulse width modulator
(PWM) designed with both these objectives in mind.
This IC provides designers an inexpensive control-
ler with which they can obtain all the performance
advantages of current-mode operation. In addition,
the UC3842 is optimized for efficient power se-
quencing of off-line converters and for driving in-
creasingly popular POWERMOS.

This application note gives a functional description
of the UC3842 and suggests how to incorporate the
IC into practical power supplies. A review of current-
mode control and its benefits is included and meth-

Figure 1 : Two-loop Current-mode Control System.

ods of avoiding common pitfalls discussed. The final
section presents designs of two power supplies uti-
lizing UC3842 control.

CURRENT-MODE CONTROL

Figure 1 shows the two-loop current-mode control
system in a typical buck regulator application. A
clock signal initiates power pulses at a fixed fre-
quency. The termination of each pulse occurs when
an analog of the inductor current reaches a thre-
shold established by the error signal. In this way the
error signal actually controls peak inductor current.
This contrasts with conventional schemes in which
the error signal directly controls pulse width without
regard to inductor current.
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APPLICATION NOTE

Several performance advantages result from the
use of current-mode control. First, an input voltage
feed-forward characteristic is achieved ; i.e., the
control circuit instantaneously corrects for input volt-
age variations without using up any of the error am-
plifier's dynamic range. Therefore, line regulation is
excellent and the error amplifier can be dedicated
to correcting for load variations exclusively.

For converters in which inductor current is continu-
ous, controlling peak current is nearly equivalent to
controlling average current. Therefore, when such
converters employ current-mode control, the induc-
tor can be treated as an error-voltage-controlled-
current-source for the purposes of small-signal
analysis. This is illustrated by figure 2. The two-pole
control-to-output frequency response of these con-
verters is reduced to a single pole (filtter capacitor in
parallel with load) response.

One result is that the error amplifier compensation
can be designed to yield a stable closed-loop con-
verter response with greater gain-bandwidth than
would be possible with pulse-width control, giving
the supply improved small-signal dynamic response
to changing loads. A second result is that the error
amplifier compensation circuit becomes simpler and
better behaved, as illustrated in figure 3. Capacitor
Ci and resistor Riz in figure 3a add a low frequency
zero which cancels one of the two control-to-output
poles of non-current-mode converters. For large-

Figure 3 : Required Error Amplifier Compensation for Continuous Inductor Current Designs using (a) Duty
cycle Control and (b} Current-mode Control.

signal load changes, in which converter response is
limited by inductor slew rate, the error amplifier will
saturate while the inductor is catching up.with the
load. During this time, Cj will charge to an abnormal
level. When the inductor current reachesiits required
level, the voltage on Ci causes a corresponding error
in supply output voi-tage. The recovery time is Riz
Ci, which may be milleseconds. However, the com-
pensation network of figure 3b can be used where
current-mode control has eliminated the inductor
pole. Large-signal dynamic response is then great-
ly improved due to the absence of Ci.

Figure 2 : Inductor Looks Like a Current Source to

Small Signals.
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APPLICATION NOTE

Figure 4 : UC3842 Block Diagram.
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Current limiting is simplified with current-mode con-
trol. Pulse-by-pulse limiting is, of course, inherent in
the control scheme. Furthermore, an upper limit on
the peak current can be established by simply
clamping the error voltage. Accurate current limiting
allows optimization of magnetic and power semi-
conductor elements while ensuring reliable supply
operation.

Finally, current-mode controlled power stages can
be operated in parallel with equal current sharing.
This opens the possibility of a modular approach to
power supply design.

FUNCTIONAL DESCRIPTION

A block diagram of the UC3842 appears in figure 4.
This IC will operate from a low impedance DC
source of 10 V to 30 V. Operation between 10 V and
16 V requires a start-up bootstrap to a voltage
greater than 16 V in order to overcome the under-
voltage lockout. Vee is internally clamped to 34 V
for operation from higher voltage current-limited
sources (lcc < 30 mA).

UNDER-VOLTAGE LOCKOUT (UVLO)

This circuit insures that Vcc is adequate to make the
UC3842 fully operational before enabling the output

stage. Figure 5a shows that the UVLO turn-on and
turn-off thresholds are fixed internally at 16 V and
10 V respectively. The 6 V hysteresis prevents Vcc
oscillations during power sequencing. Figure 5b
shows supply current requirements. Start-up cur-
rentis less than 1 mA for efficient bootstrapping from
the rectified input of an off-line converter, as illus-
trated by figure 6. During normal circuit operation,
Vcce is developed from auxiliary winding Waux with
D1 and Cin. At start-up, however, Cin must be
charged to 16 V through Rin. With a start-up current
of 1 mA, Ry can be as large as 100 kQ and still
charge Cin when Vac = 90 V RMS (low line). Power
dissipation in Rin would then be less than 350 mW
even under high line (Vac = 130 V RMS) conditions.

During UVLO, the UC3842 output driver is biased
to a high impedance state. However, leakage cur-
rents (up to 10 pA), if not shunted to ground, could
pull high the gate of a POWERMOS. A 100 kQ
shunt, as showing in figure 6, will hold the gate volt-
age below 1V

&7

SGS-THOMSON

3/15

MICROELECTRONICS

489



APPLICATION NOTE

Figure 5 : (a) Under-voltage Lockout and (b) Supply Current Requirements.
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APPLICATION NOTE

During the discharge time, the internal clock signal
blanks the output to the low state. Therefore, t4 limits
maximum duty cycle (Dmax) to :

tc =1- ta
te+td 1
where 1 = 1/f = switching period.

Dmax =

The timing capacitor discharge current is not tightly
controlled, so ta may vary somewhat over tempera-

ture and from unit to unit. Therefore, when very pre-
cise duty cycle limiting is required, the circuit of
figure 7b is recommended.

One or more UC3842 oscillators can be syn-
chronized to an external clock as shown in figure 8.
Noise immunity is enhanced if the free-running os-
cillator frequency (f = 1/(tc + ta)) is programmed to
be . 20 % less than the clock frequency.

Figure 7 : (a) Oscillator Timing Connections and (b} Circuit for Limiting Duty Cycle.

+¥;
T7
%

a
Vagr

7
xn| UC3842

$layicy

GND

SR T
Dmax = i+ 1)
t=0.693 (Ra+ Re) C
tL=0.693 Rg C

Figure 8 : Synchronization to an External Clock.

YRer
Rt uc3s42
EXTERNAL RyiCy
CLOCK
001LF Cr
JuuHH oo

5-1423

ERROR AMPLIFIER

The error amplifier (E/A) configuration is shown in
figure 9. The non-inverting input is not brought out

to a pin, but is internally biased to 2.5 V2 %. The
E/Aoutput is available at pin 1 for external compen-
sation, allowing the user to control the converter’s
closed-loop frequency response.

Figure 10a shows an E/A compensation circuit suit-
able for stabilizing any current-mode controlled to-
pology except for flyback and boost converters
operating with continuous inductor. current. The
feedback components add a pole to the loop trans-
fer function at fp = 1/2 nR: Ci. Ry and Ci are chosen
so that this pole cancels the zero of the output filter
capacitor ESR in the power circuit. Ri and R fix the
low-frequency gain. They are chosen to provide as
much gain as possible while still allowing the pole
formed by the outpuit filter capacitor and load to roll
off the loop gain to unity (0dB) at f = fswitching'4. This
technique insures converter stability while providing
good dynamic response. ‘
Continuous-inductor-current  boost and flyback
converters each have a right-half-plane zeroin their
transfer function. An additionai compensation pole
is needed to roll off loop gain at a frequency less
than that of the RHP zero. Rp and Cp in the circuit
of figure 10b provide this pole.

SGS-THOMSO) Y15
L7 SGs-THOMSON

MICROELECTRONICS

491



APPLICATION NOTE

The E/A output will source 0.5 mA and sink 2 mA. A

lower limit for Reis given by :

VEAOUTmax =25V 6V-25V
0.5mA ~ 05mA

E/A input bias current (2 pA max) flows through R,

resulting in a DC error in output voltage (Vo) given

by : :

A Vo(max) = (2 uA) Ri

Figure 9 : UC3842 Error Amplifier.

Ri (MiNy = =7 kQ

It is therefore desirable to keep the value of Ri as
low as possible.

Figure 11 shows the open-loop frequency response
of the UC3842 E/A. The gain represent an upper
limit on the gain of the compensated E/A. Phase lag
increases rapidly as frequency exceeds 1 MHz due
to second-order poles at ~ 10 MHz and above.
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Figure 10 : (a) Error Amplifier Compensation Addi-
tion Pole and (b) Needed for Continu
ous Inductor-current Boost ad Flyback.
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Figure 11 : Error Amplifier Open-loop Frequency
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APPLICATION NOTE

CURRENT SENSING AND LIMITING

The UC3842 current sense input is configured as
shown in figure 12. Current-to-voltage conversion is
done externally with ground-referenced resistor Rs.
Under normal operation the peak voltage across Rs
is controlled by the E/A according to the following
relation :

Ve—14V
VRs(pk):%

where : V¢ = control voltage = E/A output voltage.

Rs can be connected to the power circuit directly or
through a current transformer, as figure 13 illus-
trates. While a direct connection is simpler, a trans-
former can reduce power dissipation in Rs, reduce
errors caused by the base current, and provide level
shifting to eliminate the restraint of ground-ref-
erence sensing. The relation between V¢ and peak
current in the power stage is given by :

For purposes of small-signal analysis, the control-
to-sensed-current gain is :
iy N

Ve 3Rs

When sensing current in series with the power tran-
sistor, as shown in figure 13, current waveform wilt
often have a large spike at its leading edge. This is
due to rectifier recovery and/or interwinding capa-
citance in the power transformer. If unattenuated,
this transient can prematurely terminate the output
pulse. As shown, a simple RC filter is usually ade-
quate to suppress this spike. The RC time constant
should be approximately equal to the current spike
duration (usually a few hundred nanoseconds).

The inverting input to the UC3842 current-sense
comparator is internally clamped to 1 V (figure 12).
Current limiting occurs if the voltage at pin 3 reaches
this threshold value, i.e. the current limit is defined
by :

. VRrs(pk) N
i =N(——"")=—— (Vc-14 ) N.-1V
k) = N ( Rs ) 3Rs (Ve ) A =
Rs
where : N = current sense transformer turns ratio.
=1 when transformer not used.

Figure 12 : Current Sensing.
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APPLICATION NOTE

Figure 13 : Transformer-coupled Current Sensing.
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TOTEM-POLE OUTPUT

The UC3842 has a single totem-pole output. The
output transistors can be operated to+ 1 A peak cur-
rent and £ 200 mA average current. The peak cur-
rent is self-limiting, so no series current-limiting
resistor is needed when driving a power MOS gate.

Cross-conduction between the output transistors is
minimal, as figure 14 shows. The average added
power due to cross-conduction with Vi =30 V is only
80 mW at 200 kHz. '

Figures 15-17 show suggested circuits for driving
POWERMOS and bipolar transistors with the
UC3842 output. The simple circuit of figure 15 can
be used when the control IC is not electrically iso-
lated from the power MOS. Series resistor R1 pro-
vides damping for a parasitic tank circuit formed by
the power MOS input capacitance and any series
wiring inductance. Resistor Rz shunts output leak-
age currents (10 pA maximum) to ground when the
under-voltage lockout is active. Figure 16 shows an
isolated power MOS drive circuit which is appropri-
ate when the drive signal must be levelshifted or
transmitted across an isolation boundary. Bipolar
transistors can be driven effectively with the circuit
of figure 17. Resistors Ry and Rz fix the on-state
base current. Capacitor C1 provides a negative base
current pulse to remove stored charge at turn-off.

PWM LATCH

This flip-flop, shown in figure 4, ensures that only a
single pulse appears at the UC3842 output in any
one oscillator period. Excessive power transistor
dissipation and potential saturation of magnetic ele-
ments are thereby averted.

8/15
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Figure 14 : Output Cross-conduction.
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SHUTDOWN TECHNIQUES

Shutdown of the UC3842 can be accomplished by
two methods ; either raise pin 3 above 1 V or pull
pin 1 below 1 V. Either method causes the output of
the PWM comparator to be high (refer to block di-
agram, figure 4). The PWM latch is reset dominant
so that the output will remain low until the first clock
pulse following removal of the shutdown signal at
pin 1 or pin 3. As shown in figure 18, an externally
latched shutdown can be accomplished by adding
an SCR which will be reset by cycling Vcc below the
lower under-voltage lockout threshold (10 V). At this
point all internal bias is removed, allowing the SCR
to reset.

Figure 15 : Direct POWERMOS Drive.
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APPLICATION NOTE

Figure 16 : Isolated POWERMOS Drive.
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Figure 17 : Bipolar Drive with Negative Turn-off Bias.
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AVOIDING COMMON PITFALLS

Current-mode controlled converters can exhibit per-
formance peculiarities under certain operating con-
ditions. This section explains these situations and
now to correct them when using the UC3842,

SLOPE COMPENSATION PREVENTS INSTABI-
LITIES

It is well documented that current-mode controlled
converters can exhibit subharmonic oscillations
when operated at duty cycles greater than 50 %.

Fortunately, a simple technique (usually requiring
only a single resistor to implement) exists which cor-
rects this problem and at the same time improves
converter performance in other respects. This
"slope compensation” technigue is described in de-
tail in Reference 6. It should be noted that "duty
cycle" here refers to output puise width divided by
oscillator period, even in push-pull designs where
the transformer period is twice that of the oscillator.
Therefore, push-pull circuits will almost always re-
quire slope compensation to prevent subharmonic
oscillation.
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APPLICATION NOTE

Figure 18 : Shutdown Achieved by
(a) Pulling Pin 3 High
(b) Pulling Pin 1 Low.
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Figure 19 illustrates the slope compensation tech-
nique. Infigure 19a the uncompensated control volt-
age and current sense waveforms are shown as a
reference. Currentis often sensed in series with the
switching transistor for buck-derived topologies. In
this case, the current sense signal does not track
the decaying inductor current when the transistor is
off, so dashed lines indicate this inductor current.
The negative inductor current slope is fixed by the
values of output voltage (Vo) and inductance (L) :

di Vi —VE=Vo. —(VF+Vy)

a ~ L L - L
where : Vr = forward voltage drop across the freew-
heeling diode. The actual slope (mz) of the dashed
lines in figure 19ais given by :

_Rs di  —Rs(VF+Vo)

2SN @t T NL
where : Rs and N are defined as the "Current Sens-
ing" section of this paper.
In figure 19b, a sawtooth voltage with slope m has

been added to the control signal. The sawtooth is
synchronized with the PWM clock, and practice is

1015 L7 SGS-THOMSON

most easily derived from the control chip oscillator
as shown in figure 20a. The sawtooth slope in figure
19b is m = mg/2. This particular slope value is signi-
ficantin that it yields "perfect” current-mode control ;
i.e. with mz2/2 the average inductor current follows
the control signal so that, in the small-signal ana-
lysis, the inductor acts as a controlled current
source. All current-mode controlled converters hav-
ing continuous inductor current therefore benefit
from this amount of slope compensation, whether
or not they operate above 50 % duty.

More slope is needed to prevent subharmonic os-
cillations at high duty cycles. With slope m = ma,
such oscillations will not occur if the error amplifier
gain (Ave/a)) at half the switching frequency (fs/2) is
kept below a threshold value (reference 6) :

r2Co
Av (E/A) <
41
m=m2
f=fy2
where :  Co = sum of filter and load capacitance

T=1/fs

Slope compensation can also improve the noise im-
munity of a current-mode controlled supply. When
the inductor ripple current is small compared to the
average current (as in figure 19a), a small amount
of noise on the current sense or control signals can
cause a large pulse-width jitter. The magnitude of
this jitter varies inversely with the difference in slope
of the two signals. By adding slope as in figure 19b,
the jitter is reduced. In noisy environments it is
sometimes necessary to add slope m > mz in order
to correct this problem. However, as m increases
beyond m = mz/2, the circuit becomes less perfect-
ly current controlled. A complex trade-off is then re-
quired ; for very noisy circuits the optimum amount
of slope compensation is best found empirically.

Once the required slope is determined, the value of
RsLopE in figure 20a can be calculated :

3me AVRamp A _ 0.7V ( HSLOPE)_ 14 ( Rsiore )
T At VENT T VT T T Y ZE
mrt
RsLorE = T4 (Zrifs)=21 - m-1-ZF|fs

where : Zr| fs is the E/A feedback impedance at the
switching frequency.
For m-= mL: Atramp

Rs (VF + Vo)

NL YZF[fs

RsLore = 1.7 7 (
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APPLICATION NOTE

Figure 19 : Slope Compensation Waveforms :
(a) No Comp.
{b) Comp. Added to Control Voltage.
(c) Comp. Added to Current Sense.
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Note that in order for the error amplifier to accurate-
ly replicate the ramp, Zr must be constant over the
frequency range fs to at least 3 fs.

in order to eliminate this last constraint, an alterna-
tive method of slope compensation is shown in
figures 19¢ and 20b. Here the artificial slope is
added to the current sense waveform rather than
subtracted from the control signal. The magnitude
of the added slope still relates to the downslope of
inductor current as described above. The require-
ment for RsLoPE is now :

_ AVeawp Rt _ 07 Ry )
~ Maap  Ri+Rsiope © 12 ' Ri+Rsloee
1.4 R¢ 1.4
RsL.ope = ——— — Ri= R (—— — 1)
mr mt

Form=mz2:
1.4 NL _1)
Rs (VF+ Vo)t

RsLore loads the UC3842 Rr/Cr terminal so as to
cause a decrease in oscillator frequency. If
Rstope >> Rt then the frequency can be corrected
by decreasing Rt slightly. However, with
RsLope < 5 Rt the linearity of the ramp degrades
noticeably, causing over-compensation of the sup-
ply at low duty cycles. This can be avoided by driv-
ing RsLope with an emitter-follower as shown in
figure 21.

RsLore = R (

11/15
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APPLICATION NOTE

Figure 20 : Slope Compensation Added (a) to Control Signal or (b} to Current Sense Waveform.
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NOISE

As mentioned earlier, noise on the current sense or
control signals can cause significant pulse-width jit-
ter, particularly with continuous-inductor-current de-
signs. While slope compensation helps alleviate this
problem, a better solution is to minimize the amount
of noise. In general, noise immunity improves as im-
pedance decrease at critical points in a circuit.

One such point for a switching supply is the ground
line. Small wiring inductances between various
ground points on a PC board can support common-
mode noise with sufficient amplitude to interfere with
correct operation of the modulating IC. A copper
ground plane and separate return lines for high-cur-
rent paths greatly reduce common-mode noise.




APPLICATION NOTE

Note that the UC3842 has a single ground pin. High
sink currents in the output therefore cannot be re-
turned separately.

Ceramic bypass capacitors (0.1 uF) from V| and
VRrer to ground will provide low-impedance paths for
high frequency transients at those points. The input
to the error amplifier, however, is a high-impedance
point which cannot be bypassed without affecting
the dynamic response of the power supply. There-
fore, care should be taken to lay out the board in
such a way that the feedback path is far removed
from noise generating components such as the po-
wer transistor(s).

Figure 22a illustrates another common noise-in-
duced problem. When the power transistor turns off,
a noise spike is coupled to the oscillator R/Cr ter-
minal. At high duty cycles the voltage at Ry/Cr is ap-
proaching its threshold level (~ 2.7 V, established by

the internal oscillator circuit) when this spike occurs.
A spike of sufficient amplitude will prematurely trip
the oscillator as shown by the' dashed lines. In order
to minimize the noise spike, choose Cr as large as
possible, remembering that deadtime increases
with Ct. It is recommended that Ct never be less
than ~ 1000 pF. Often the noise which causes this
problem is caused by the output (pin 6) being pulled
below ground at turn-off by external parasitics. This
is particularly true when driving POWERMOS. A
diode clamp from ground to pin 6 will prevent such
output noise from feeding to the oscillator. If these
measures fail to correct the problem, the oscillator
frequency can always be stabilized with an external
clock. Using the circuit of figure 8 results in an Ry/Cr
waveform like that of figure 22b. Here the oscillator
is much more immune to noise because the ramp
voltage never closely approaches the internal thre-
shold.

Figure 22 : (a) Noise on Pin 4 Can Cause Oscillator to Pre-trigger.
(b) With External Sync. Noise Does not Approach threshold Level.
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MAXIMUM OPERATING FREQUENCY

Since output deadtime varies directly with Cr, the
restraint on minimum Cr (1000 pF) mentioned
above results in a minimum deadtime varies for the
UC3842. This minimum deadtime varies with Rr
and therefore with frequency, as shown in figure 23.
Above 100 kHz, the deadtime significantly reduces
the maximum duty cycle obtainable at the UC3842
output (also show in figure 23). Circuits not requir-
ing large duty cycles, such as the forward converter
and flyback topologies, could operate as high as 500
kHz. Operation at higher frequencies is not recom-

mended because the deadtime become less pre-
dictable.

The speed of the UC3842 current sense section
poses an additional constraint on maximum opera-
ting frequency. A maximum current sense delay of
400 ns represents 10 % of the switching period at
250 kHz and 20 % at 500 kHz. Magnetic compo-
nents must not saturate as the current continues to
rise during this delay period, and power semicon-
ductors mustbe chosen to handle the resulting peak
currents. In short, above ~ 250 kHz, may of the ad-
vantages of higher-frequency operation are lost.
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Figure 23 : Deadtime and Maximum Obtainable Duty-cycle vs. Frequency with Minimum Recommended
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CIRCUIT EXAMPLES

1. OFF-LINE FLYBACK

Figure 24 shows a 25 W multiple-output off-line fly-
back regulator controlled with the UC3842. This
regulator is low in cost because it uses only two
magnetic elements, a primary-side voltage sensing
technique, and an inexpensive control circuit. Spe-
cifications are listed below.

SPECIFICATIONS :

Line Isolation : 3750V
Switching Frequency : 40 kHz
Efficiency @ full load : 70 %

Input Voltage 95 VAC to 130 VAC
(50Hz/60Hz)

Qutput Voltage : A +5V,5%:1At04 Aload
Ripple voltage : 50 mV
P-P Max.

B.+12V,3%:0.1 Ato0.3A
load
Ripple voltage : 100 mV
P-P Max

"C.-12V,3%0.1At00.3A
load
Ripple voltage : 100 mV
P-P Max

14/15
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