111

1.4A Switching Regulator with 5V, 100mA Linear

Regulator with Watchdog, RESET and ENABLE

The. 55111 is a du:al output power sup- below the regulation limit, RESET tog-
ply integr atedl dreuit. It contains a 5V gles low and remainslow for the duration bt S e S R L B
2%, 100mA linear regulater, a watchdog of the delay after proper output voltage weE S
timer, alinear output voltage monitor to regulation is restored. Additionally areset 7

provide a Power On Reset (POR) and a pulse is issued if the correct watchdog is
L4A current mode PWM switching reg- not received within the programmed

ulator. time. Reset pulses continue until the cor- % % % %
The 5V linear regulator is comprised of rect watchdog signal is received. The % % % %
an error amplifier, reference, and super- reset pulse width and frequency, as well LR S
visory functions. It haslow internal sup-  asthe Power Cn Reset delay, are set by B o
ly current consumption and provides cne external RC network. G g i
1.2V (typical) dropout voltage at maxi- The current mode PWM switching regu- o g EiEE
mum load current. lator is comprised of an error amplifier e bxﬁgﬁ%ﬁemﬁ : S
The watchdog timer circuitry monitors with selectable feedback inputs, a cur- 55 St »d(ﬂ@x : T
an input signal (WDI) from the micro- rent sense amplifier, an adjustable csdl- ;; : ;W
processor. It responds to the falling lator, and a 1.4A output power switch :
edge of this watchdog signal. If a correct with anti-saturation control. The switch- =
watchdog signal is not received within ing regulater can be configured in a
the externally programmable time, a variety of topologies.
reset signal is issued. The C5-5111 is load dump capable and
The externally programmable active has protection dreuitry which indudes
reset drenit operates correctly for an out- overvoltage shutdown, current limit on
put voltage (Vi) aslow as 1V. During the linear and switcher outputs, and an
power up, or if the output voltage shifts overlemperature limiter.
Block Diagram
VBt o Emﬂar;puﬂar Vin
VrB2 » T 2 Vaw
5%(;;"; G Logic gﬁs\; 1.4A
Igag O Cumrent Sense Amp!iliar@:
Cose sl lator : = 3 Gnd
itcher Shutdawn
Vrea © . OENABLE
Over Voltage
| . nE
Elr';gfrAwpuﬁar - '—E—L)VL\N i
1 26y h
Bandgap Over ) %§
Relarence Tempsrature E
? (})
CoeLay % Waﬁaﬁggg-r#mr |) O RESET
WOl '1
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111

Ahsolute Maximum Ratings

Logic Inputs/Qutputs ( ENABLE, SELECT, WD, RESET ) ... eee e e eeeemee e ee e enesees e sems e 0.3Vto Vi
VLI - weee e seemsmemsseeeaeacs sesessmsas sasmsmemeosaessars sessasasos ohsmeeaonesseieterssiesmeoeoteseserssssttssotetesessoesemtereoerssssraterotessmeoecesesseresesssmereaes .3V to 10V
Vo Vreg

DC INPUL VOIAZE et e crn e s s smsns s s soss s s s s s e e s b s s st e semens s 0.3V to 26V

Peak Transient Voltage (40V Load DUMIP) .. e ens s senssm s s e snsse s s sesssmss s mssesensssmssnasess .3V to 54V
(:OSCJ CDelayr COW,VFEl y VFEZ ............................................................................. ‘0.3V to VL]N
Lo I U T Internally Limited
VLN QUEPUE CULTEN e e emae e e sen e s s Internally Limited

Vg OUEPUL QUL e e emem e s e s seen e e s

RESET Qutput SINK CULPENE .o ee e e st e s s e s s e s eme e e semes e s s e senm e
ESD Susceptibility (Human Bod y Model)
ESD Susceptibility (Machine Mo el). oo scss e s se e as e senssessasen s sems sm e s e s s o senssmss s s ams s smeas
SHOPAZE TEIMUPEYALULE «.ooveee e eeees et as s cen st senemsns s e e soss s s s s e e e A S e e s em s e e e

Lead Temperature Soldering: Reflow (SMD styles only) eeeeeoeeeeeeeee e 60 sec. max above 183°C, 230°C peak

Electrical Characteristics: 5Y < V

MW General
Ty Off Current 6.6V < Vy= 26V, L,y =0A 20 mA

Igr Current L= 100mA, 6.6V < Vgre < 26V 6 mA

H 5V Regulator Section
Vi Qutput Voltage 6.6V < Vipo < 26V, ImA < Iy < 100mA 49 50 5.1 v

Overvoltage Shutdown a0 et! a8 v

DCRipple Rejection 14V = Vipg = 24V 60 75 dB

B RESET Section
Low Threshold (Vi) Vi Decreasing 405 4.25 4.45 v

Hysteresis Ve - Ve 140 190 240 mV
Active Low Ving= 1V, 10kQ pullup from RESET to Viny 0.4 A%
Vim= 4V, Iggser = ImA 0.7 v

Power On Delay Vi crossing Ve 6.25 ms




Electrical Characteristics: 5V = 2260V and -40°C < 1) < 150°C, Coy (=100aBFESR < 802), i, — D0 HE, 1y 00 — 049K,
o — 09U pF, g — U peE unless otherwise speatied.

B Watchdog Input (WDI)
VIH Peak WD1 needed to activate RESET 20 vV

Note 1 25 50 mV

Low Threshold 6.25 8.78 11.0 ms

WDI Pulse Wid th 5 s

M Switcher Section

Minimum Operating 50 \'
Input Voltage

Max Switching Frequency Vg =7.5V with 50Q load, 120 kHz
Refer to Figure 1d

Vi Regulation Voltage 1.206 1.25 1.294 A%

Oscillator Charge Current  Cogo=0V 35 40 45 pA

Cpelay Charge Current Coelay = 0V 35 40 45 pA

Current Sense Amp Gain Igw=23A 7

Error Amp Transcond uctance 2700 HASV

B ENABLE Input
VIL

Hysteresis

W Select Input
VIL (Selects Vig) 49 <V <5b1 0.8 1.25 Vv

Note 1: Guaranteed by Design, not 100% tested in production.
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C5-5111

Package Lead Description

24 Lead SO Wide
1 Vg Supply Voltage.

Collector of NPN power switch for switching regulator section

9 Vg Feedback input voltage 1 (referenced to 1.25V)

Logic level input that selects either Vg or Vgg,. An open selects
Vige. Connect to Gnd to select Vg, .

13 Cosc A capacitor connected to Gnd sets the switching frequency.
Refer to Figure 1d.
15 CDela}, A capacitor connected to Gnd sets the Power On Reset and

Watchdog time

21 Igias A resistor connected to Gnd sets internal bias currents as well as
the Cosc and Creyay charge currents.

23 Vreg Input voltage to the linear regulator and the internal supply cir-
cuitry.

4.5mA 0A \
-10mA \
=
=
4.0mA =t z -2ma b,
E /
// 30mA N
2EmA -40mA
0A 20mA  40mA 60mA 80mA  100mA 0A 0.54 1.04 1.54 204
LN I
Figure 1a. 5V Regulator Bias Current vs. Load Current. Figure 1b. Supply Current vs. Switch Current
1.4v 120
160 |\
1.2 140
/
LoV 1 120 \
= / 100 \\
X: 4 b
2 ] P
0.6V / e 60 AN
0.4V - a0 N
/ 20 [
o.2v o
o.av Q 500 1000 1500 2000 2500 3000
0A 0.54 1.04 1.54 20A
Isw Cosc (pF)
Figure 1c. Switch Saturation Voltage. Figure 1d. Oscillator Frequency (kHz) vs. Coge (pF), assuming Rgas=

64.9kL)



Circuit Description

Vreg O

h

Over Vdltage

Linear
Error
Amplifier

R4

g viw
3F J_ Cour = 100uF
t > ouT = W
1.25v Curren T ESR<80
0 9 2Ra
Bandgap || Ower |
Reference Temparature EI: R4
Rs
? é
RESET & . “RESET
Watchdog Timer e
WDl O

-

Figure 2 Block diagram of 5V linear regulator portion of the C5-5111.

The 5V linear regulator consists of an error amplifier,
bandgap voltage reference, and a composite pass transistor.

The 5V linear regulator circuitry is shown in Figure 2.
When an unregulated voltage greater than 6.6V is applied
to the Vg input, a 5V regulated DC voltage will be pre-
sent at Vi . For proper operation of the 5V linear regula-
tor, the Iy, g lead must have a 649k pull down resistor to
ground. A 100pF or larger capacitor with an ESR <8Q
must be connected between Vi pyand ground. To operate
the 5V linear regulator as an independent regulator (i.e.
separate from the switching supply), the input voltage
must be tied to the Vi lead.

As the voltage at the Vgpe input is increased, Q, is turned
on. () provides base drive for Q, which in turn provides
base current for Qs. As Qs is turned on, the output voltage,
Vi begins to rise as Q3's output current charges the out-
put capacitor, Copyr. Onee Vi rises to a certain level, the
error amplifier becomes biased and provides the appropri-
ate amount of base current to Q;. The error amplifier mon-
itors the scaled output voltage via an internal voltage
divider, R, through Rs;, and compares it to the bandgap
voltage reference. The error amplifier output or error sig-
nal is an output current equal to the error amplifier’s input
differential voltage times the transcond uctance of the
amplifier. Therefore, the error amplifier varies the base
current to Qy, which provides bias to Q; and Qj, based on
the difference between the reference veltage and the
scaled Vg output voltage.

The watchd og timer circuitry monitors an input signal
(WDD from the microprocessor. It responds to the falling
edge of this watchd og signal which it expects to see within
an externally programmable time (see Figure 3).

The watchdog time is given by:
tWDI = 1-353 X CDelay REIAS

Using Crelay = 0.1pF and Rprag = 64.9KQ gives a time rang-
ing from 6.25ms to 11ms assuming ideal components. Based
on this, the software must be written so that the watchdog
arrives atleast every 6.25ms. In practice, the tolerance of
Chealay and Rpras must be taken into account when calculat-
ing H‘{e minimum watchdog time (typp).

MNormal Operation

Figure 3. Timing diagram for normal regulator operation.

VREG J —

A: Watchdog waiting fer - B: RESET stays low for
lew-geing trangition on twp time.
WDl

Figure 4. Timing diagram when WD fails to appear within the preset
time interval, typ.
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5111

g

Cirenit Deseription

If a correct watchdog signal is not received within the
specified time a reset pulse train is issued until the correct
watchd og signal is received. The nominal resetsignal in
this case is a 5 volt square wave with a 50% duty cycle as
shown in Figure 4.

The RESET signal frequency is given by:
1

Jessen Atwon)

The Power On Reset (POR) and low voltage RESET use
the same circuitry and issue a reset when the linear output
voltage is below the regulation limit. After Vi rises
above the minimum specified value, RESET remains low
for a fixed period tpog as shown in Figure 5.

The POR delay (tpcg) is given by:

tper = 1.353 X Cpelay Reras

Vi

445V |
4.25V

RESET

VRpeak

Figure 5a. The power on reset time interval (tpog) begins when V5
rises above 4.45V (typical).

VLN

5V iy

A DB u ------------------------------- -----------------------

RESET

5V

—por —— ™

Figure 5b. RESET signal is issued whenever V;py; falls below 4.25V
(typical).

The current mode PWM switching voltage regulator con-
tains an error amplifier with selectable feedback inputs, a
current sense amplifier, an adjustable oscillator and a 1.4A
output power switch with antisaturation control. The
switching regulator and external components, connected
ina boost configuration, are shown in Figure 6.

The switching regulator begins operation when Vg and
Viy are raised above 5 volts. Vgpg is required since the
switching supply’s control circuitry is powered through
Vin- Vi supplies the base drive to the switcher cutput
transistor.

The output transistor turns on when the oscillator starts to
charge the capacitor on Cpge. The output current will
develop a voltage drop across the internal sense resistor
(Rg). This voltage drop produces a proportional voltage at
the output of the current sense amplifier, which is com-
pared to the output of the error amplifier. The error ampli-
fier generates an output voltage which is proportional to
the difference between the scaled down output boost volt-
age (Vpp or Vi and the internal band gap voltage refer-
ence. Once the current sense amplifier cutput exceeds the
error amplifier’s output voltage, the output transistor is
turned off.

The energy stored in the ind uctor during the output tran-
sistor on time is transferred to the load when the output
transistor is turned off. The output transistor is turned
back on at the next rising edge of the oscillator. On a cycle
by cycle basis, the current mode controller in a discontinu-
ous mode of operation charges the inductor to the appro-
priate amount of energy, based on the energy demand of
the load. Figure 7 shows the typical current and voltage
waveforms for a boost supply operating in the discontinu-
ous mode.

NOTES:
1. Refer to Figure 1d to determine oscillator frequency.

2. The switching regulator can be disabled by providing a
logic high at the ENABLE input.

3. The boost cutput voltage can be controlled dynamically
by the feedback select input. If select is open, Vi, is
selected. If select is low, then Vg, is selected.

If the input voltage at Ve is increased above the over-
voltage threshold, the drive to the linear and switcher out-
put transistors is shut off. Therefore, Vi 1y is disabled and
Vgw can not be pulled low.

The current out of Vi is sensed in ord er to limit exces-
sive power dissipation in the linear output transistor over
the output range of 0V to regulation. Also, the current into
Vaw is sensed in order to provide the current limit func-
tion in the switcher output transistor.

If the die temperature is increased above 160°C, either due
to excessive ambient temperature or excessive power dis-
sipation, the drive to the linear output transistor is
reduced proportionally with increasing die temperature.
Therefore, Vi ny will decrease with increasing die tempera-
ture above 160°C. Since the switcher control circuitry is
powered through Vip, the switcher performance, includ-
ing current limit, will be affected by the decrease in Vi pq.



Circuit Description: continued

VLN

—?l_ VREGO——

o

?

ViN

=

Logic

» Base Drive

Current Sense Amplifier/?/_,_

F

AR

VauT

M5
i \ 3 O Gnd
Osclllator =
ENABLE %
O - Switcher Shutdown o
1.25v Bandgap
: Reference
Over Votage 2R
2 F
Switcher 2 VERy
COMP Error i O g

Amplifier Multiplexer Venz 2Ro
L O
-_l_- T ZR3

= O SELECT

Figure 6: Block diagram of the 1.4 A current mode control switching regulator portion of the CS-5111 in a boost configuration.

This section outlines a proced ure for designing a boost switch-

Application Notes

ing power supply operating in the discontinuous mode.

Step1

Determine the output power required by the load.

Step 2

Choose Cag-based on the target oscillator frequency withan

POUT = IOUTVOUT

M

external resistor value, Rpjag = 64.9K02. (See Figure 1d).

Vaw

Vin

Vout f———

i

]

IPeak | —— —

Figure 7: Voltage and current waveforms for boost topology in CS-5111

Step 3

Next select the output voltage feed back sense resistor

divider as follows (Figure 8).

For Vg active, choose a value for Ry and then solve for

Rgg where:
R
Rpg= —32 .
% Vo (30)
Vi

For Vg active, find:

Vem = Vour [—2 | a3y
R1 + REQ !

and then calculate R, where:

Ve Vs - Ve

y= — = .(30)
Igp Vg / Reg
Then find R, where:
R;=Rgg - Ra. (3d)

Vour

.

F Ry
——0Vra1
> Ry
—OVrg2
> Ra

-+

L
-
<
k-
L
-
<
-

Figure 8. Feedback sense
resistor divider connected
between Vg7 and ground.
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CS5111

Application Notes: Continued

Step 4

Determine the maximum on time at the minimum oscilla-
tor frequency and Vpy. For discontinuous operation, all of
the stored energy in the inductor is transferred to the load
prior to the next cycle. Since the current through the
inductor cannot change instantaneously and the induc-
tance is constant, a volt-second balance exists between the
on time and off time. The voltage across the inductor dur-
ing the on cycle is Vg and the voltage across the ind uctor
during the off cycle is Vi1 - V. Therefore:

Vinvton = Vour -Vooltos (4a)
where the maximum on time is:
V 1
ton(max) it 1 - —imin (4b)
VOUT(max) fSW(mm)
Step 5

Calculate the maximum inductance allowed for discontin-
uous operation:

foiimin) VIN (min) tor (mand) 5)
2Pour/n

Limax =

where 1 = efficiency.

Usually = 0.75 is a good starting point. The IC’s power
dissipation should be calculated after the peak current has
been determined in Step 6. If the efficiency is less than
originally assumed, decrease the efficiency and recalculate
the maximum inductance and peak current.

Step 6

Determine the peak inductor current at the minimum
ind uctance, minimum Vpy and maximum on time to make
sure the ind uctor current doesn’t exceed 1.4A.

V, t
_ IN(munj *on(max
= 6
ka L(mm) ( )

Step 7

Determine the minimum output capacitance and maxi-
mum ESR based on the allowable output voltage ripple.

< (7a)
ripple

AV
ESR(mjﬂ) _ ripple

L

In practice, it is normally necessary to use a larger capaci-
tance value to obtain a low ESR. By placing capacitors in
parallel, the equivalent ESR can be reduced.

Courtam = geay

(7b)

Step 8§

Compensate the feedback loop to guarantee stability
under all operating conditions. To do this, we calculate the
modulator gain and the feedback resistor network attenu-
ation and set the gain of the error amplifier so that the

overall loop gain is 0dB at the crossover frequency, f-q. In
addition, the gain slope should be -20dB /decade at the

Crossover frequency.

The low frequency gain of the mod ulator (i.e. error ampli-
fier output to output voltage) is:

AVaur Logmay 5 Rread L (8a)
A\]EA VEA(max) 2
where
_ Veaman/Gesa _ (24V)/(7)
Drman = Rg “Teomg M
The Voyr/ Vi transfer function has a pole at:
£, =1/(Ry caaCour) s (8b)
and a zero d ue to the output capacitor's ESR at:
f,=1/2nESR Cqoy)- (8c)

Since the error amplifier reference voltage is 1.25V, the
output voltage must be divided down or attenuated
before being applied to the input of the error amplifier.
The feedback resistor divider attenuation is:

L5V

VOUT

The error amplifier in the C5-5111 is an operational
transcond uctance amplifier (OTA), with a gain given by:

Gora = gmZoyr (8d)
where:
_ Algyr
gl’l’l— AV]N - (Se)

For the C5-5111, gm = Z700pA/V typical.

One possible error amplifier compensation scheme is
shown in Figure 9. This gives the error amplifier a gain
plot as shown in Figure 10.

For the error amplifier gain shown in Figure 10, a low fre-
quency pole is generated by the error amplifier output
impedance and G . This is shown by the line AB with a -
20dB/decade slope in Figure 12. The slope changes to zero

at point B due to the zero at:
} 01 CE
H;% I

(8)

VouT

f,=1/(2nRyC).
Error

Amplifier

SELECT

Figure 9. RC network used to compensate the error amplifier (OTA).



Application Notes: continued

Pole dus ta arrar amplifier
/ autput impedanca and Gy

\ fz =1/2nR4C1
G

B

fp = 1R 4Co

+G C/

eror amlifier gain

fp =1/n RLoadCouT < "\
0 \

- moddator gain + feadback resister divider atenugtion

-20dB/dac

Gain dB

fz=1/2a ESR Cout e

Vin—

] Your = 18V, Select > 2v 4
Vour =16V, Select < 0.8V

5Y
1000F
ESR<80 L

Raag = 649 I

o

Cour L (7
88uF

Ry =100k

Figure 10. Bode plot of error amplifier (OTA) gain and mod ulator gain
added to the feed back resistor divider atenuation.

A pole at point C:
L= 1/RG), (3g)
offsets the zero set by the ESR of the output capacitors.

An alternative scheme uses a single capacitor as shown in
Figure 11, to roll the gain off at a relatively low frequency.

Figure 11. A typical application diagram with external components con-
figured in a boost topology.
Step 9

Finally the watchdog timer period and Power on Reset
time is determined by:

tDelay = 1.353 ped CDelayREIAS'

©

Gun k

0 5 10 15 20 25 30 0 5 10 15 20 25 30
VREG (V) VREG (V)
Figure 12: The shaded area shows the safe operating area of the C5-5111 as a function of I py, Vge, and €),. Refer to the table below for typical
loads and voltages.
Worst Case Switcher Worst Case Switcher
Linear Power Power Available Power Available
VREG VlN ILlN Dissipation {@JA = 55°CIW) {@JA = 35°CNV)

A V) (mA) W) W) W)

20 14 25 0.44 0.74 1.42

20 14 50 0.83 0.35 1.03

20 14 75 1.22 * 0.64

20 14 100 1.60 * 0.26

25 14 25 0.60 0.58 1.26

25 14 50 1.11 0.07 0.75

25 14 75 1.62 * 0.24

25 14 100 214 * *

* Subjecting the CS-5111 to these conditions will exceed the maximum total power that the part can handle, thereby forcing it into thermal limit

4]
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C5-5111

Package Specification

D
Lead Count Metric English
Max Min Max Min
24 Lead SO Wide 1554 1529 0612 0.602

Thermal Data 24 Lead SO Wide
Rgic typ 9 "C/W

{

J’\

s

W

1.02(040)  0.29(.012)
061(024) 0.13(.005)

HEHHAHHAAH b

7.59(.299)
7.42(292)

10.41 (.410)
10.16 (.400)

HEHH %,T v

0.35(.014)

l

2.67(.105)
2.46(.097)

f

(T R

-
=
. S

Part Number Description
C5-5111DW24 24 Lead SO Wide
CS-5111DWR24 24 Lead SO Wide (Tape & Reel)

Cherry Semicond uctor Corporation reserves the right to

make changes to the specifications without notice. Please
contact Cherry Semicond uctor Corporation for the latest
available information.

Rev. 3/18/98
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