Fast PFET Buck Controller
does not require Compensation

Features

The C5-51031 is a switching con-
troller for use in DC-DC converters.
It can be used in the buck topology
with a minimum number of exter-
nal components. The CS-51031 con-
sists of a V- monitor for control-
ling the state of the device, 1.0A
power driver for controlling the
gate of a discrete P-channel transis-
tor, fixed frequency oscillator, short
circuit protection timer, pro-
grammable soft start, precision ref-
erence, fast output voltage monitor-
ing comparator, and output stage
driver logic with latch.

The high frequency oscillator
allows the use of small inductors
and output capacitors, minimizing
PC board area and systems cost.
The programmable soft start
reduces current surges at start up.
The short circuit protection timer
significantly reduces the duty cycle
to approximately 1/30 of its cycle
during short circuit conditions.

The CS-51031 is available in 8L SO
and 8L PDIP plastic packages.

ical Application Diagram
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CS-51031

Absonlute Maximuom Ratings

Power Supply Voltage, Ve

Diver SUPPLY VOIAZE, V Curtirieriiemsiesmsemssess seeass s msmsies e sesssems e sessssss s e smsss s e sss s s R e S i s S RS0 8RR 8 SRR ER S £ s e
Driver Qutput VOIAZE, VA TE rereerrerseine s seesemss s sssmsessssssemss s cmsssse s sesseas s sssmsse s s sasesess sesssssass ss s sesas s s osns sosssssmss s smssas sis e s css s 20V
L e Tl 6V
B T ot s 1.0A
Steady State QUEPUL CUITEIUL ...t s s s s e s s s e s s s nsne s e sosnn s e ms e s nem s o 200mA
Operating Junction Temperattre, T et s sessenas s s cen s s s s s s e s e e e 150°C
Operating Temperature Range, Ta e seenen o -40° to 125°C
Storage Temperature RANGE, Tq i ieeememseiesseseess s ssmsesssasensssesssss s sessemsss s sesssss e sosssssmsesemssssssessesesas s ssssanes s sanes -65 to 150°C
ESD (Human Body MOl et e ssns s smsase s seseems s s e s s s s nemnas s e s s s 2kV
Lead Temperature Soldering

Wave Solder (through hole styles Only) .ot e e 10 sec. max, 260°C peak

Reflow (SMD Styles OnIY) ..o cee e e ce e e e cem e s e 60 sec. max above 183°C, 230°C peak

Flectrical Characteristics: Specifications apply for 45 £ Ve <16V, 3V < V- < 16\,
-HIFC < I £125-C, unless otherwise specified.

M Oscillator
Frequency

B Short Circuit Timer Vg =1.0V; C5 =0.1u4F; Voggc = 2V

Charge Current 1V aVeg <2V 175 264 325 pA

Slow Discharge Current 2.4V >Veg> 15V 4 6 10 HA

Valid Fault Time 26V >Veg> 24V 0.2 0.3 0.45 ms

Fault Duty Cycle 25 31 4.6 %
B CS Comparator V=1V

Fault Enable CS Voltage 25 A%

Fault Detect Voltage Vs when GATE goes high 24 \'

Hold Off Release Voltage

| Vmm Comparators Veose = Vg =2V

Regulator Threshold Voltage Tj=25°C(note 1) 1.225 1.250 1.275

1.210 1.290

< <

Threshold Line Regulation

Voltage Tracking (Regulator Threshold Voltage - 70 100 120 mV
Fault Threshold Voltage)




Electrical Characteristics: Specifications apply for 45 < Ve €16V. 3V € V- €16V, -40-C <
unless otherwise specified.

B Power Stage Vec=Ve=10V; Vg =12V
GATE DC Low Saturation Veose = 1V; 200mA Sink 1.2 15 A%
Voltage

Rise Time Cenrr = InF; 15V < Voarp <9V o % 60 ns

B V¢ Monitor
Turn On Threshold

4.600 v

Hysteresis ' 65 130 20 mV

B Current Drain
Ice 45V <V <16V, Gate switching 45 6.0 mA

Shutdown T Vee=4, 500 900 pA

Note 1: Guaranteed by design not 100% tested in production.

Package I'in Descriptiom

81 SO Narrow & PDIP
1 VCATE Driver pin to gate of external PFET.

3 Cose Oscillator frequency programming capacitor.

5 Vs Feedback voltage input.

7 CS Soft start and fault timing capacitor.




CS-51031

Block Diagram

Ve
RG
Vaare
Casc O Flip-Flap ) Vea=
R Q
) PGnd
) Ve
Voo (O
C'ault
VRer =33V o115V
G4 cc
@ 2
It é = /
oS T8
S 2/
I X )
55 -
") Gnd

Figure 1: Block Diagram for CS-51031

Circuit Description

Control Scheme

The CS-51031 monitors and the output voltage to deter-
mine when to turn on the PFET. If Vg falls below the inter-
nal reference voltage of 1.25V during the oscillator’s charge
cycle, the PFET is turned on and remains on for the dura-
tion of the charge time. The PFET gets turned off and
remains off d uring the oscillator’s discharge time with the
maximum duty cycle to 80%. It requires 7mV typical, and
20mV maximum ripple on the Vg pin is required to oper-
ate. This method of control does not require any locp sta-
bility compensation.

Startup

The CS-51031 has an externally programmable soft start
feature that allows the output voltage to come up slowly,
preventing voltage overshoot on the output.

At startup, the voltage on all pins is zero. As V¢ rises, the
V¢ voltage along with the internal resistor R, keeps the
PFET off. As V¢ and V- continue to rise, the oscillator
capacitor (Cogc ) and the Soft start/Fault Timing capacitor
{CS) charges via internal current sources. Cog- gets
charged by the current source Iz and CS gets charged by
the I} source combination described by:

I
les=1I7 (55+ 5 )

The internal Holdoff Comparator ensures that the external
PFET is off until Vg >> 0.7V, preventing the GATE flip-flop
{F2) from being set. This allows the oscillator to reach its
operating frequency before enabling the drive output. Soft
start is obtained by clamping the Vg comparator's (A6)
reference input to approximately 1/2 of the voltage at the
CS pin during startup, permitting the control loop and the
output voltage to slowly increase. Once the CS pin charges
above the Holdoff Comparator trip point of 0.7V, the low
feedback to the Vg Comparator sets the GATE flip-flop
during Coge ’s charge cycle. Once the GATE flipflop is set,
Veate goes low and turns on the PFET. When Vg exceeds



Cirewit Deseniption: continued

2.4V, the CS charge sense comparator (A4) sets the Vg
comparator reference to 1.25V completing the startup

cycle.

Lossless Short Circuit Protection

The C5-51031 has “lossless” short circuit protection since
there is no current sense resistor required. When the volt-
age at the CS pin (the fault timing capacitor voltage ) reach-
es 25Vduring startup, the fault timing circuitry is enabled.
During normal operation the CS voltage is 2.6V. During a
short circuit or a transient condition, the output voltage
moves lower and the voltage at Vg drops. If Vi drops
below 1.15V, the output of the fault comparator goes high
and the C551031 goes into a fast discharge mode. The fault
timing capacitor, CS, discharges to 2.4V. If the Vg voltage
is still below 1.15V when the CS pin reaches 2.4V, a valid
fault cond ition has been detected. The slow discharge
comparator output goes high and enables gate G5 which
sets the slow discharge flip flop. The Vgate flip flop resets
and the output switch is turned off. The fault timing
capacitor is slowly discharged to 1.5V. The C5-51031 then
enters a normal startup routine. If the fault is still present
when the fault timing capacitor voltage reaches 2.5V, the
fast and slow discharge cycles repeat as shown in figure 2.

If the Vg voltage is above 1.15V when CS reaches 2.4V a
fault cond ition is not detected, normal operation resumes
and CS charges back to 2.6V. This reduces the chance of
erroneously detecting a load transient as a fault condition.

IFAULT ¢ lRESTAAT hetd  tRALLT
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Figure 2 Volage on start capacitor (Vgg), the gate (Vg a1g ), and in the
feedback loop (Vg), during startup, normal and fault conditions.

Buck Regulator Qperation
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Figure 3. Buck regulator block diagram.

A block diagram of a typical buck regulator is shown in
Figure 3. If we assume that the output transistor is initially
off, and the system is in discontinuous operation, the
inductor current Iy, is zero and the output voltage is at its
nominal value. The current drawn by the load is supplied
by the output capacitor C . When the voltage across Cpo
drops below the threshold established by the feedback
resistors R1 and R2 and the reference voltage Vypy, the
power transistor Q1 switches on and current flows through
the ind uctor to the output. The ind uctor current rises ata
rate determined by (Vy-Vour)/L. The duty cycle {or “on”
time) for the CS-51031 is limited to 80%. If output voltage
remains higher than nominal d uring the entire Cge-
change time, the Q1 does not turn on, skipping the pulse.

Applications Information

Specifications 12V to 5V, 3A Buck converter
Vg =12V £20% (i.e. 14.4V max., 12Vnom., 9.6V min.)
Vour =5V 2%

Iour=0.3A to 3A

Output ripple voltage <50mV max.

Efficiency = 80%

fSW = 200kHz

1) Duty cycle estimates

Since the maximum duty cycle D, of the C5-51031 is limnit-
ed to80% min,, it is necessary to estimate the duty cycle
for the various input conditions over the complete operat-
ing range.

The duty cycle for a buck regulator operating in a continu-
ous cond uction mode is given by:

VOUT + VF

D-
V- Vsar



CS-51031

Applications Information

where Va1 = Rygon * Igur max. and Ryggpis the value at
Ty100°C.
If Vp = 0.60V and Vgar = 0.60V then the above equation

becomes:

Dypay = —20— —0.62
9
5.6
D = =0.40
MIN™ "3

2) Switching frequency and on and off time calculations

Given that fow = 200kHz and Dhyax=0.80

1
T=— =5bus
fow

TON(max) _Tx DMAX = 5,(18 x 0.62 3”8
TON(min) :T X Dm = 5”5 x 0.40 = 2”5

ToFRmax) = ToNmin) = 5ps — 2us = 3us

3) Oscillator Capacitor Selection

The switching frequency is set by Cpge, whose value is
given by:

95 % 1076

Fow  {30x107)?
Fow |1+ -
( 3><106( Fow ) )

COSC in pF =

4) Inductor selection

The ind uctor value is chosen for continuous mode opera-
tion down to 0.3Amps.

The ripple current Al=2x Igprmin = 2 x 0.3A = 0.6A.

L. — (Vour + Vo) x TOmnm_x)_ _ 5.6V x 3us —28uH
mn Al 0.6A

This is the minimum value of inductor to keep the ripple
current to <) 6A during normal operation.

A smaller inductor will result in larger ripple current.
Ripple current at a minimum off time is

5.6V x 2us
= =0.4A
28uH

ar- Your * VE) X ToRRumin)
Lamw

The core must not saturate with the maximum expected
current, here given by:

Tntax = lour + AL/2 = 3A+0.4A /2 = 3.2A

5) Output capacitor

The output capacitor and the inductor form a low pass fil-
ter. The output capacitor should have a low ESL and ESR.
Low impedance aluminum electrolytic, tantalum or organ-
ic semicond uctor capacitors are a good choice for an out-
put capacitor. Low impedance aluminum are less expen-
sive. Solid tantalum chip capacitors are available from a
number of suppliers and are the best choice for surface
mount applications.

The output capacitor limits the output ripple voltage. The
C5-51031 needs a maximum of 20mV of output ripple for
the feedback comparator to change state. If we assume that
all the inductor ripple current flows through the output
capacitor and that it is an ideal capacitor (i.e. zero ESR), the
minimum capacitance needed to limit the output ripple to

50mV peak to peak is given by:

Al 0.6A
C= ——— =
8x fowx AV 8 (200 x 103Hz) x (50 x 10-3V)

The minimum ESR needed to limit the output voltage rip-
ple to 50mV peak to peak is:

75uF

AV _ 50 x 103
Al 0.6A
The output capacitor should be chosen so that its ESR is
less than 83mg2.

During the minimum off time, the ripple current is 0.4A
and the output voltage ripple will be:

ESR = =83mf

AV=FSR x AT=83mQ x 0.4=33mV.

6) Vg divider

Rl +R2 R
Vour = L5V 2
out R2

=125V

The input bias current to the comparator is 4uA. The resis-
tor divider current should be considerably higher than this
to ensure that there is sufficient bias current. If we choose
the divider current to be at least 250 times the bias current
this permits a divider current of ImA and simplifies the
calculations.

5V
1mA

=R1+R2=5kQ

LetR2=1K

Rearranging the divider equation gives:

_nof Your 1 5V .
RIRZ( L 1)11@(1_25 1)3k§2



Applicatinns Information

7) Divider bypass Capacitor Crr

Since the feedback resistors divide the output voltage by a
factor of 4,1.e. 5V /1.6V= 4, it follows that the output ripple
is also divided by four. This would require that the output
ripple be at least 60mV (4 x 15mV) to trip the feedback com-
parator. We use a capacitor Crr to act as an AC short .

The ripple voltage frequency is equal to the switching fre-
quency so we choose Crr = InF.

8) Soft start and Fault timing capacitor CS.

CS performs several important functions. First it provides a
delay time for load transients so that the IC does not enter
a fault mode every time the load changes abruptly.
Secondly it disables the fault circuitry during startup, it
also provides soft start by clamping the reference voltage
during startup, allowing it to rise slowly, and, finally it
controls the hiccup short circuit protection circuitry. This
reduces the duty cycle to approximately 0.035 during short

circuit conditions.

An important consideration in calculating CS is that it’s
voltage does not reach 2.5V (the voltage at which the fault
detect circuitry is enabled) before Vg reaches 1.15V other-
wise the power supply will never start.

If the Vg pin reaches 1.15V, the fault timing comparator
will discharge Cg and the supply will not start. For the Vig

voltage to reach 1.15V the output voltage must be at least

4% 1.15=46V.

If we choose an arbitrary startup time of 900us, the value of

Cgis:

Cgx 25V

t Startup= T
Charge

Cemin = 900us x 264uA
B 25V

The fault time is the sum of the slow discharge time the fast
discharge time and the recharge time. It is dominated by the
slow discharge time.

— 950nF = 0.1uF

The first parameter is the slow discharge time, it is the time
for the Cg capacitor to discharge from 2.4V to 1.5V and is
given by:

Cg % (2.4V-15V)

IDischaIge

tSlowDischarge(t) =

Where Ipiccharge is 61t A typical.

tSlDwDischaIge(t) =Cgx 15 x 105

The fast discharge time occurs when a fault is first detect-

ed. The Cs capacitor is discharged from 2.5V to 2.4V,

_ Cox (25V-2.4V)
tastDischargetty = m

Where I pasinischarge 15 661 A typical.

tRastDischarge(ty = Cs % 1515

The recharge time is the time for Cg to charge from 15V to
25V.

Cox (25V - 1.5V)
ICharge

toharge(y =

Where Icharge is 264 A typical.
tCharge(t) = CS x 3787
The fault time is given by:
tpautt = Cg % (3787 + 1515 + 1.5 x 10%)

tpat = Cs ¥ (155 x 10%)

For this circuit

tpanit = 0.1 x 106 x 1.55 x 10% = 15.5uS

A larger value of Cg will increase the fault time out time
but will also increase the soft start time.

9) Input Capacitor

The input capacitor reduces the peak currents drawn from
the input supply and reduces the noise and ripple voltage
on the Ve and Ve pins. This capacitor must also ensure
that the Vi remains above the UVLO voltage in the event
of an output short circuit. A low ESR capacitor of at least
100pF is good. A ceramic surface mount capacitor should
also be connected between V¢ and ground to filter high
frequency noise.

10) MOSFET Selection

The CS51031 drives a P-channel MOSFET. The VaTy pin
swings from Gnd to V. The type of PFET used depends on

the operating conditions but for input voltages below 7V a

logic level FET should be used.

A PFET with a continuous drain current (Ip) rating greater
than the maximum output current is required.

The Gate-to-Source voltage Vg and the Drain-to Source
Breakdown Voltage should be chosen based on the input
supply voltage.

The power dissipation due to the conduction losses is
given by:
PD = IOUsz RDS(ON) x D where
Rpgiong is the value at Ty=100°C.

The power dissipation of the PFET due to the switching loss-
es is given by:

PD =05x V]NX IOUT X (tr)xfgw

Where t, = Rise Time.

11) Diode Selection

The flyback or catch diode should be a Schottky dicde
because of it's fast switching ability and low forward volt-
age drop. The current rating must be at least equal to the
maximum output current. The breakdown voltage should

be atleast 20V for this 12V application.
The diode power dissipation is given by:

Pp=Ipurx Vpx (1 - Dyn)

1€0195D



CS8-51031

Package Specification

D
Lead Count Metric English
Max Min Max Min
8L SO Narrow 5.00 480 .197 .188
8L PDIP 9.40 914 370 360

401 (158 620 (244
380( 150 580(228)

\ ogg 035 M
015) 010( 004)

Thermal Data 8L SO Narmow 8L PDIP
Reje typ 45 52 "C/W
Rga typ 165 100 "C/W

: HFI\FIFI T

048(015)
0351 014)"‘ I"‘T I-I__LMT (050}

oss)

& g

r L

660 (260)
610(240) )

LI
s |-

254100
8.6 (. 395) 1.40(. 055) e
7.20( 295
‘ﬂ—b
4320170 |
A
0.38(.015
sgora ]

J o 051 (020 Some 8 and 16 lead
041 (016)

padkages may have 1/2lead
at the end of the package
D o] Allspecsarethe'same

Part Number Description Cherry Semicond uctor Corporation reserves the right to
CS-51031D8 81. SO Narrow make changes to the specifications without notice. Please
CS51031N8 8L PDIP contact Cherry Semicond uctor Corporation for the latest

ilable inf tion.
CS51031DR8 8T.50 Narrow Tape & Reel avariable mformation
2/13/98 ©1998 Cherry Semiconductor Corparation



