2% 5V, 750mA Low Dropout Linear
Regulator with Delayed RESET

The CS-8122 is a precision 5V linear reg-
ulator capable of sourcing in excess of
750mA. The RESET"s delay time is
externally programmed using a discrete
RC network. During power up, or when
the output goes out of regulation, the
RESET pin remains in the low state for
the duration of the delay. This function
is independent of the input voltage and
will function correctly as long as the
output voltage remains at or above 1V.
Hysteresis is included in the delay and
the RESET comparators to improve
noise immunity. A latching discharge
circuit is used to discharge the delay
capacitor when it is triggered by a brief
fault condition.

Block Diagram

The regulator is protected against a
variety of fault conditions: i.e. reverse
battery, overvoltage, short circuit and
thermal runaway conditions. The regu-
lator is protected against voltage tran-
sients ranging from -50V to +40V. Short
circuit current is limited to 1.2A (typ).

The CS-8122 is an improved replace-
ment for the CS-8126 and features a

tighter tolerance on its output voltag
(2% vs 4%). :

The CS-8122 is packaged in a 5 lead
TO-220 with copper tab. The copper tab
can be connected to a heat sink if
necessary.
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Absolute Maximum Ratings

Input Operating Range....... . e : 0.5 t0 26V
Power Dissipation fretsrea s .
’ Transient Input Voltage

CS-8122

‘ Output Current........ :

| ESD Susceptibility (Human Body Model) . ;

! Operating TeMPETAtUTE ..ol et bbbt e —~40°C to 125°C
JUNCHON TEMPETALUTE .....vv v e irerscneeees e s et es s et as et sk e s s s s s e s b e b s e b e bes et s asbansn bbb s s b s b ban b ansnbos -55°C to 150°C
Storage Temperature.........cccooevvinnrenrierrennnnn ceere e —55°C to 150°C
Lead Temperature Soldering

Wave Solder (through hole styles only) ........cccoverrueereennee. 10 sec. max, 260°C peak

Electrical Characterist i 125°C, -40°C<T;< +150°C, 6

unless otherwise n

- PARAMETER' - :

B Output Stage (Voyury)

. TEST CONDJITIONS: "

OQutput Voltage 4.9 5.0 5.1 \%

£ 8E:
Supply Current Ioyr £ 10mA 2 7 mA
Iour < 100mA 6 12

Iour < 500mA 55 100

Load Regulation 50mA<Igyr< 500mA, Vi = 14V 10 50 mV

Current Limit 0.75 1.20 A

Maximum Line Transient Vour £5.5V 60 95 A%

Reverse Polarity Input 1% Duty Cycle, T < 100ms, -50 -80 v
Voltage Transient - 1022 Load

B RESET and Delay Functions

Delay Charge Current VpeLay =2V 5 10 15 RA

ESE

RESET Hysteresis Vri=Vrron VRTorr 150 200 250 mV

- RESET Qutput Voltage
RESET Output Leakage

=0.1pF

Corray 16 32

* To observe safe operating junction temperatures, low duty cycle pulse testing is used in tests where applicable.
~ Cbhelay X Vpelay Threshold Charge .
Delay Time = = Cpeay X 3.5 x 10° (typ)

ICharge
B 20L7?55bL 0003u4sy4 564 HE
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. Package Pin Description )

ACKAGEPIN# L PIN'SYMBOL
5L TO-220 S
VIN
2 Vour
3 Gnd
4 Delay
5 RESET

Unregulated supply voltage to IC.

Regulated 5V output.

Ground connection.
Timing capacitor for RESET function.
CMOS/TTL compatible output pin. RESET goes low whenever

Vour drops below 6% of it's regulated value.

Typical Performance Characteristics
’ Quiescent Current vs Input Voltage over Temperature
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Quiescent Current vs Input Voltage over Load Resistance
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Typical Performance Characteristics Continued
Line Regulation vs. Qutput Current Load Regulation vs. Output Current

CS-8122
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RESET Circuit Waveform

Vour A

VRTox
VRTor

RESET 4 (1)

4=

(1) = No Delay Capacitor
(2) = With Delay Capacitor
(3) = Max: RESET Voltage (1.0V)
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Circuit Description
The CS-8122 RESET function, has hysteresis on both the

Reset and Delay comparators, a latching Delay capacitor
discharge circuit, and operates down to 1V.

The RESET circuit output is an open collector type with
ON and OFF parameters as specified. The RESET output
NPN transistor is controlled by the two circuits described
(see Block Djagram). '

Low Voltage Inhibit Circuit

The Low Voltage Inhibit Circuit monitors output voltage,
and when output voltage is below the specified minimum,
causes the RESET output transistor to be in the ON (satu-
ration) state. When the output voltage is above the speci-
fied level, this circuit permits the RESET output transistor

to go into the OFF state if allowed by the RESET Delay cir-
cuit.

Reset Delay Circuit

The Reset Delay Circuit provides a programmable (by
external capacitor) delay on the RESET output pin. The
Delay pin provides source current to the external delay
capacitor only when the Low Voltage Inhibit circuit indi-
cates that output voltage is above Vg, Otherwise, the
Delay pin sinks current to ground (used to discharge the
delay capacitor). The discharge current is latched ON
when the output voltage is below VRropp Of When the
voltage on the delay capacitor is above Vpjg. The Delay
capacitor is fully discharged anytime the output voltage
falls out of regulation, even for a short period of time. This
feature ensures that a controlled RESET pulse is generated
following detection of an error condition. The circuit
allows the RESET output transistor to go to the OFF (open)
state only when the voltage on the Delay pin is higher than
Vs

e

01
I

*Cyn required if regulator is far from power source filter.
IN T'eq 3 P

**Cour required for stability.

B 2067556 0003487 273 M
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CS-8122

Application Notes

Stability' Considerations

The output or compensation capacitor helps determine
three main characteristics of a linear regulator: start-up
delay, load transient response and loop stability.

The capacitor value and type should be based on cost,
availability, size and temperature constraints. A tantalum
or aluminum electrolytic capacitor is best, since a film or
ceramic capacitor with almost zero ESR, can cause insta-
bility. The aluminum electrolytic capacitor is the cheapest
solution, but, if the circuit operates at low temperatures
(-25°C to -40°C), both the value and ESR of the capacitor
will vary considerably. The capacitor manufacturers data
sheet usually provide this information.

The value for the output capacitor Coyr shown in the test
and applications circuit should work for most applica-
tions, however it is not necessarily the best solution.

To determine an acceptable value for Coyr for a particular
application, start with a tantalum capacitor of the récom-
mended value and work towards a less expensive alterna-
tive part.

Step 1: Place the completed circuit with a tantalum capac-
itor of the recommended value in an environmental cham-
ber at the lowest specified operating temperature and
monitor the outputs on the oscilloscope. A decade box
connected in-series with the capacitor will simulate the
higher ESR of an aluminum capacitor.

(Leave the decade box outside the chamber, the small
resistance added by the longer leads is negligible)

Step 2: With the input voltage at its maximum value,
increase the load current slowly from zero to full load
while observing the output for any oscillations. If no oscil-
lations are observed, the capacitor is large enough to
ensure a stable design under steady state conditions.

Step 3: Increase the ESR of the capacitor from zero using
the decade box and vary the load current until oscillations
appear. Record the values of load current and ESR that
cause the greatest oscillation. This represents the worst

case load conditions for the regulator at low temperature.

Step 4: Maintain the worst case load conditions set in step
3 and vary the input voltage until the oscillations increase.
This point represents the worst case input voltage condi-
tions.

Step 5: If the capacitor is adequate, repeat steps 3 and 4
with the next smaller valued capacitor. (A smaller capaci-
tor will usually cost less and occupy less board space.) If
the capacitor oscillates within the range of expected oper-
ating conditions, repeat steps 3 and 4 with the next larger
standard capacitor value.

Step 6: Test the load transient response by switching in
various loads at several frequencies to simulate its real
work environment. Vary the ESR to reduce ringing.

Step 7: Remove the unit from the environmental chamber
and heat the IC with a heat gun. Vary the load current as
instructed in step 5 to test for any oscillations.

Once the minimum capacitor value with the maximum
ESR is found, a safety factor should be added to allow for
the tolerance of the capacitor and any variations in regula-
tor performance. Most good quality aluminum electrolytic
capacitors have a tolerance of + 20% so the minimum
value found should be increased by at least 50% to allow

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003

for this tolerance plus the variation which will occur at
low temperatures. The ESR of the capacitor should be less
than 50% of the maximum allowable ESR found in step 3
above.

Calculating Power Dissipation

in:a.Single Qutput Linear Regulator '

The maximum power dissipation for a single output regu-
lator (Figure 1) is

Phman={ViINGrax—Y OUTmin loUT(max+ ViNgmalo @

where
ViNmax 18 the maximum input voltage,
VOUT(miny is the minimum output voltage,

IoUT(max 18 the maximum output current, for the applica-
tion

Ig is the quiescent current the regulator consumes at
Toutimax-

Once the value of Ppgay) is known; the maximum permis-
sible value of R@y, can be calculated:

LU

D

@

The value of R®;, can then be compared with those in
the package section of the data sheet. Those packages
with ROy4's less than the calculated value in equation 2
will keep the die temperature below 150°C.

In some cases, none of the packages will be sufficient to
dissipate the heat generated by the IC, and an external
heatsink will be required.

lout
——————COVout

Figure 1: Single output regulator with key performance parameters
labeled.

M 20L7?556 0003448 10T EM



Application Notes: continued
. ‘ Heat Sinks where
. . . R@jc = the junction—to—case thermal resistance,
A h;at smk.effec’uvel% u}vfreasefs ;he surface area ﬁf the 4 ROcs = the case—to-heatsink thermal resistance, and
package to mprove £ e flow of heat away from the IC an R®g, = the heatsink—-to—ambient thermal resistance.
into the surrounding air. RO in th X "  the data sheet. Lik
1 ic appears in the package section of the data sheet. Like

Each crlnaten'al in the hea}hf}llow pat?1 betwleen the IC a?'ikthe ROy, it too is a function of package type. ROcs and ROgy
outsy elenwro?me.nt wi a;/le a thermal resistance. L1 Z are functions of the package type, heatsink and the inter-
series electrical resistances, these resistances are summe face between them. These values appear in heat sink data
to determine the value of RGj,.

sheets of heat sink manufacturers.
ROz = RO|c + ROcs + ROss 3)

B 2067556 0003489 O4bL W
373
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Package Specification
: PACKAGE DIMENSIONS IN mm(INCHES) ~ : Te PACKAGE THERMAL DATA

5 Lead TO-220 Straight * S Thermal Data TO-220

CS-8122

RO typ 35 oW
ROy, P 50 /W
1 fe- 1:40 (056
) 83 (. 114 (.045)
Tn—wm (.4155 —» :_gg (.128; -~ (o9
9.78(385) 2.95 (150
2.87 (.113) 371 (-146)
6.55 (:258)| 2.62 (.103) :
5.94(.234) <<;}/ T
%; (8%) l 14,99 (.590)
6} 7 14.22 (:550)
- ull
14.22 (560)
13.72 (540),
1.02 {.040)
0.76 (.030)
- 0.56 {,022)
; .22(.040) _4 L_ e 1:83072) 0.36 (014) I+
63.025) 1.57(.062)
—» |
6.93(273) 2.92 (.115)
§68(263) 239 (090)

5 Eead TO-220.(Vertical):-

b Lefid T0 0 (Horizoftal) -

4.45 - '
(.175) 396(0.158) o

. 4.45(.175)
3.84 377 (0-148) 1.40(.055)
‘4—10_16(,400) -] {0.151) DIA. 1.40 (.055) | 10.16 (0.400) —»| —l
/_i . [~ 734 (045) S f 3 1.14(,045)
s.Tao 5DEG (5 Places) L 6.30 T
(EX0 (238) | o op] o
$[Sioo™ Gy I 1471 4 (:200) (108) .
(0.579)
14.71 11.96 r O
(579) 835 o8 11.98
(.020R) TYP . (471) (1.3'3856)
1.78 (.070)
_ e 2.67 (105) T

3,96 F X U
(325) typ {— .508 (.020R) TYP

% 762 (030R) TYR— - 2.34 (171) .06 (-160)

i 056 (022 2} le— 7.52 (296)

T Zo] e 68 W" o : 056 (.022)] I
1.70(.067) (.066) typ 30 (. 0.81(.032) 1.70(,067) 0.36 (.014) Dl 267 (.105)
6.81(.268 a1l 5.84 (.230)

Ordering Information

Part Number Description

C5-8122T5 5L TO-220 Straight

CS-8122TH5 5L TO-220 Horizontal .

Co8122TVS SLTOZ0Verisl M 2067556 0003490 868 EE
1/23/95 : 374

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



