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This user guide supports four applications for the FHR1200. It should be used in
conjunction with the FHR1200 datasheet as well as Fairchild’s application notes and
technical support team. Please visit Fairchild’s website at www.fairchildsemi.com.

1. Introduction

This document describes four proposed applications for the FHR1200 high-performance
shunt regulator. These include:

A. Two each SC70-to-DIP adapters: The small size of the SC70 can make it difficult to
solder to the part for prototyping. Each adapter is supplied with a FHR1200 already
soldered down.

B. A 3.3V-to-12 V regulated energy-storage-capacitor charger. Some smart meters only
consume around 250 mW 99% of the time so can use a single 3.3 V low-power offline
supply. However, to transmit, they require much higher power for a few milliseconds and
can pull this voltage from a storage capacitor charged to a higher voltage.

C. Voltage regulator and reference: This module can be used with most power supply
topologies and on isolated, non-isolated, primary-side, and floating applications.

D. Low-cost, low-voltage auxiliary regulator: Some designs need a regulated voltage in the
0 to 6 V range at just a few milliamps. The FHR1200 makes it possible to create a low-
cost regulator for this application and can operate with an input voltage to >100 V.

E. Simple V¢ or brownout regulator: Many power supply designs require that the V¢
voltage be regulated for the controller. The low operating current, high voltage and wide
temperature range make the FHR1200 a good choice for general regulation applications.

This document contains a general description of the FHR1200, the specifications for each
application circuit, schematics, bill of materials, and the typical operating characteristics.

1.1. Description

The FHR1200 is a high-efficiency regulator that outperforms a typical shunt regulator in
applications where low operating power, wide temperature range, and wide voltage range
are important. The regulator also features better stability and faster response than many
existing regulators.

The FHR1200 can be used for isolated and non-isolated secondary side regulation plus,
primary side, and floating regulation because the regulator can directly drive a power
supply controller. This reduces parts count and circuit complexity in many applications.
Non-isolated secondary-side regulation saves the cost of OPTOs and simplifies the power
supply design.

The FHR1200 can be used in many diverse applications. For example: V¢ regulators to
>100 V, small additional auxiliary power supplies, programmable precision Zener diodes
(both high and low power), plus numerous analog circuits.

The FHR1200 can also be used as a standalone, low-cost, thermally stable, ~7.5V
voltage reference.

© 2014 Fairchild Semiconductor Corporation 4 FEBFHR1200_SPGO1A + Rev. 1.0.0
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1.2. Features

= Low Current Operation: <10 pA

®=  Programmable Output: 7.5 to >100 V

= Fewest External Component Count

= Temperature Compensated: Typical <50 ppm
= Low Dynamic Impedance

= Fast Turn-On

= Low Output Noise

= Sink Current Capability: 10 pA to 50 mA

= Reference Voltage Accuracy: +2%

= Wide Operating Temperature Range: -55 to 150°C
= Available in the 6-Lead SC70 Package
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@ @ 5= i@ 12V STORAGE CAP CHARGER

— e G
! ".u\!\2
85

APP ;M ]
¥ POWER SUPPLY REGULATOR

| ema——

= i n
~

L------a----—_---—

FAIRCHILD FHR1200

SEMICONDUCTOR 0CT 8. 2013

r----------'

lAPF’ #6 12V Vcc REGULATOR '

A ‘?’,
L] I | fam

4 J
| | |- @
s 2 2
L----------l D ED GED GED GND GMS SN Gl WD I G W b B B K X X X ]

Figure 1. Evaluation Board Photograph (Enlarged)
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The evaluation board is the size of an average business card, yet consists of six isolated
PCB circuits that can make it quicker and easier to evaluate many potential applications.
For example, the designer can use the break-away voltage regulator (app #4) to substitute
for the existing output regulator on the power supply to evaluate the improvement over a
current design; saving the cost and time of a PCB update to evaluate the part.

© 2014 Fairchild Semiconductor Corporation 5 FEBFHR1200_SPGO1A + Rev. 1.0.0
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|Adapters make it easy to check out the part. No hassling to try to
solder wires to the part or find an adapter or expensive test socket.
They easily break off of the demo board.

Figure 2. Evaluation Board Floor Plan
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2. Evaluation Board Specifications
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Appl #1&2: Adapter Board Detail

Lower Left Corner of Demo Board with
one Adapter Broken away

Demo Board Edge
—

o anssesasaiis
APP #1 SC-70
to DIP ADAPTOR

8

_
1 )
Top View 1 ".
uto "APP #2 SC-70

to DIP ADAPTOR

Solutions for Your Success™
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Breakaway Line

w— Breakaway
Line

l' Breakaway Line

Once the Adapter is removed
from the demo board, it can be
trimmed with heavy scissors to
reduce the adapter size even
more if needed.

FHR1200

TOP VIEW

www.fairchildsemi.com

Figure 3. Break-Away Part Adapters
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Appl #3: Energy Storage Cap Charger

Features:

1. Low Standby Power: ~3mW
2. Minimum parts Count
3. Input voltage Range: 1.2v to 6 volts
4. Wide temperature range: -55 to 150C
5. Output voltage Range:
7.5 to >30volts (limited by Q5 & C12)
6. Constant On-Time Boost Topology
7. Maximum Output Power:

8. Output Leakage Current: <5nA

NOTE: A BIT may be used for Q3 to lower the
cost and increase the breakdown voltage.
AKDS1616 or MP3651 will work well at
the cost of some loss in efficiency. A base
resistor value of 270 ohms should be
employed.

www. fairchildsemi.com

Figure 4. Energy Storage Capacitor Charger
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FAIRCHILD Appl #4: Voltage Regulator & Ref
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APP #4 ! APP # b .
UPONER’ SUPPLY REGULATOR _,  Optional 0 POWER SUPPLY REGULATOR Features:
! = Break-Away b Low Power: < 3mW
| feature .
Minimum Parts Count
Demo . Input Voltage Range: 7.5 to 120V

*  « Board right
side outline

. Wide Temp Range: -55 to 150C
. Output Voltage Range: 0 to 100V
. Maximum Output Current: SOmA

1
1
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1
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1
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. Min Operating Current: <10uA :
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1
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1
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NOTE: Canbe configured for a variety of
different power supply topologies
and requirements including:

a. Isolated output Regulator

b. Non-Isolated Regulator

c. Primary side Regulator

d. Floating Regulator (off-line Buck)

e. Voltage Reference

>0IuTions TOor Your duccess™ 24 www. fairchildsemi.com

Figure 5. Power Supply Voltage Regulator

FAaircHILD  Appl #5: Low-Cost, Low-Voltage Aux Reg

SEMENRHETOR® “BJT and Zener are Independent Components”

@28 A AN D S A A e
A; ; 3.3V ;m:R:glztor r =1 The FHR1200 can be
used to make a
programmable O to 6
volt regulator with no

added semiconductors

of dd

Specifications

% Output Voltage: 0 to 6 volts

4OLVINO3Y VWOE AE'€

% Output Current: 0 to SOmA
» Input Range: 8 to 120 volts

Solutions for Your Success™ 44 www. fairchildsemi.com

Figure 6. Low-Voltage Auxiliary Regulator
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Unbuilt PCB

Appl #6: Simple, Vce or Brown-Out Reg

r----------
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“LMA431 Configured”

Built as 12 volt Regulator |

rAPP #6 12V Vcc REGULATOR !
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Specifications

1. 12 volts regulated output

2. Input current with 16 volt input,
and no load: 46uA

3. Max input voltage: 120v

4. Maximum output current:
depends upon series transistor.

5. Regulator Output Programmable
Voltage Range: 7.5 to 120 volts

6. Power Dissipation, 16volt input
no load: 0.474 mW

NOTE: Series transistor used was
high gain BIT. Darlington or
FET could be used for higher
output current

NOTE: Built using LM431
configuration to minimize
standby current.

www. fairchildsemi com

Figure 7. Low-Cost Vcc or Brownout Regulator

© 2014 Fairchild Semiconductor Corporation
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3. Application Circuit Details

3.1. Application #3: Energy Storage Capacitor Charger

This circuit is used to charge an energy storage capacitor to 12 V. This voltage was
selected based on the requirements of a smart meter customer. Other voltages could have
been used by modifying the value of resistor R22. The maximum regulated output
voltage is limited by the breakdown voltage of the switch transistor, Q5, and of diodes,
U6. Some smart meters only consume around 250 mW, 99% of the time, so can use a
single 3.3V low-power offline supply to maximize overall efficiency. However, to
transmit, they require much higher voltage for a few milliseconds. This can be pulled
from a storage capacitor charged to a higher voltage. The charger must be very efficient
and consume little power once the capacitor is charged to the pre-determined voltage.

The PCB layout allows the circuit to be built two ways. The supplied board uses the BJT,
Q4, and the logic inverter, U7. An alternate method using the comparator, U8, would
have a lower parts count and improved efficiency, but had not been tested at the time the
board was built and verified.

Dual diodes, U6, minimize the output leakage current of the charger to minimize the
discharge of the outboard energy storage capacitor. During operation, the circuit charges
the energy storage capacitor until the capacitor voltage reaches 12 V. The circuit then
starts to pulse very slowly to overcome the circuit leakages.

FaimcHito  Appl #3: Energy Storage Cap Charger

SEMICONDUCTOR®

NOTE: A BJIT may be used for Q3 to lower the
cost and increase the breakdown voltage.
A KDS1616 or MPS651 will work well at
the cost of some loss in efficiency. A base
resistor value of 270 ohms should be

Description:
The 3.3 volt input is converted into a regulated 12volt output

A L e R n
= ®IK ’ ’ i 1 Features: !
1WF ¢ 1
— i 1. Low Standby Power: ~3mW 1
— 1 !
- 1 2. Minimum parts Count ,
1
— thm‘ : 3. Input voltage Range: 1.2v to 6 volts a
A
U5 FANISS = - - 21 @) s 1 4. Wide temperature range: -55 to 150C !
- (Vout) 1
3mW Standoy R7 4n5) I el M' : 5. Output voltage Range: :
= i 1_ To energy )
Tre ZF - soage 1 75 10 >30volts (limited by Q5 & C12)
i 12 47 = = capacitor | 1
4 FHRI200 RS> L @ B 1 6. Constant On-Time Boost Topology !
3 vl 274K — = i :
& I__j_ c10 == -“g?f B Vo= (Vesf (1+ R22R21)) + 1z (R22)-085 | 7. Maximum Output Power: 1
21KS 1 R —— 1
R?;; > — 100eF - NOTE: Use G, U7 R24 or use U8, R6, k7, ¢ty 8. Output Leakage Current: <SnA !
- Do not use both 1 :
i i
1 1
1 {]
1 1
1 1
1 1
1 1
1 1
1 1

to charge an energy storage capacitor. The circuit features

2 < employed.
very low standby power and the ability to run into a long- B e )
term short circuit with no damage.
Solutions for Your Success™ 23 www. fairchildsemi com

Figure 8. Energy Storage Capacitor, Regulated High-Efficiency Charger
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Application #3: Capacitor, Charger ‘ Circuit Operation
- When power is applied, The voltage on C10 and C13 will be close to zero.
Q4 will be off, the voltage on pin 1 of U7 will be high, the output for U7
will be low, Q5 will be off, and the feedback voltage thru R21 and R22
will be zero and U5 will be off.

A A
Vv
L2

W

V
Ly
BXK

C10 will begin to charge thru R23 and R25 until the voltage on the base of
Q4 reaches ~ +0.65 volts; and Q4 starts to conduct and the voltage
on pin 1 of U7 goes low. This causes the output of U7 to be high which
drives the gate of Q5 high turning on the FET. The high also forces the
lowy side of the integrator capacitor C10 high along with R30 turning the
FHR1200 BJT on. The high on the low side of C10 is coupled to the
base of Q4 further turning Q4 on. This condition will remain until
resistor R25 discharges C10 below the conduction threshold of Q4 and
Q4 turns off. During the discharge interval, Q5 was on and current was
ramping up in inductor L1.

When Q4 turns off, the output of U7 goes low, and Q5 turns off the energy
in L1 starts to discharge into capacitor C12 and the external energy
storage capacitor voltage causing the voltage on the capacitor to rise.
Q4 will remain off until timing capacitor C10 recharges, via the current

arnplifier with hysterysis. The BJT E-B valtage acts as a thru R23 and R25, to ~0.65 volts. Fpr regulation, the C10 charging

reference voltage for the PYWM ramp generator. R23 plus current is modulated by the conduction of the FHR1200 BJT. The

R25 form a current source to charge C10 during off time. conduction of the FHR1200 BJT is controlled during the during off time

Resistor R22 and R21 act as a voltage divider for the via the output voltage feedback resistors R22, R21.

output voltage. The output reference voltage is the sum of

the zener voltage and the BJT E-B voltage. Together

they form a temperature stahle ~7 4vaolt reference. UB
isolates the output from the voltage regulation loop to aid
regulation.

Solutions for Your Success™ 72 www. fairchildsemi.com

Figure 9. Energy Storage Capacitor Charger, Circuit Operation

Circuit Elements: The FHR1200 regulates the output
voltage of the charger and resets the PVWM generator. U7
and the BJT(Q4) form a non-inverting low-input current

3.2. Application #4: Voltage Regulator & Reference

Application circuit #4 can be used for voltage regulation on many power supply
topologies and on isolated, non-isolated, primary side, and floating applications. It can
also be used as a 7.5 V thermally stable, wide temperature range, low-current, voltage
reference. The small circuit allows it to directly replace existing regulators on power
supplies for evaluation. The circuit is arranged to be broken off the main board to
facilitate prototyping.

The PCB layout allows the circuit to be built in a variety of ways to facilitate:

1. Isolated regulation using one of two possible OPTO isolators. The FOD817D OPTO
isolator provides the lowest cost regulation. The HI1AG1VM OPTO isolator provides
the highest efficiency regulation. HITAGIVM is specified to operate to less than
200 pA, while the FOD817D is specified to operate to a minimum of 1.0 mA.

2. Non-isolated operation by removing both OPTOs.

3. Grounded-output operation that directly drives a controller to minimize parts count
and cost, or to configure the FHR1200 regulator as an LM431-type stacked regulator.

4. Isolated output-side regulation. It may also be configured for: non-isolated output-side
regulation, primary-side regulation, or floating regulation with a buck regulator.

5. Building a thermally compensated, wide input range, voltage reference.

© 2014 Fairchild Semiconductor Corporation 11 FEBFHR1200_SPGO1A + Rev. 1.0.0
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Appl #4: Voltage Regulator & Ref

The module can be built many
different ways to accommodate
different applications

1. Use OPTO or Do not use OPTO

. A 6-pin or 4 pin OPTO may be
used

3. Ground Referenced FHR1 200
. LM431 Configured FHR1200

5. Output side regulation: Isolated
or non-isolated

. Primary side regulation
7. Floating Regulation
8. Voltage Reference

www. fairchildsemi.com

Figure 10. Application Circuit #4: Overall Schematic

Appl #4: Isolated Output Regulator

““Assembled for Ground Referenced Supply”
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Figure 11. Application Circuit #4: Isolated Output, Grounded Output Regulator

Divider Resistor Calculation
2. T=40uA
4. Tc ~ 250uA

. Vout=24 volts

. hfe ~ 200

. Idivider = 200uA
. Ibias = 1.25 uA at 25C (BJT bias)

. Vref = 7.36 volts at 25C

. Rl calculation: (24-7.36)/200uA = 83.2K

. Set R1 to closest 1% value: 82.5K

. R2 calculation: Vref/(200uA-40uf) = 46K
10. SetR2 to closest 1% value: 46.4K

W O o th th W

NOTE: R4 set from table (slide 27)

| Specifications:

1. Operating current: 450uA

2. Power Dissipation: 10.8mW

3. Thermally Stable: <50ppm (-55 to 35C)
5. Output Voltage: 24 volts

www. fairchildsemi.com
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Table 1 illustrates how the FHR1200 reference Vg and Vggr voltages are related at
40 pA reference current in the grounded configuration over temperature. At 40 uA, the
reference is very stable, as shown in Figure 12. Table 2 provides additional data for
designers to determine the optimum operating currents for a design and gives the
optimum value for resistor R4. R4 sets the Zener current in the grounded configuration.

Figure 12 illustrates the stability of the FHR1200 reference at 200 pA or 1.0 mA
collector current and 40 pA Zener current in the grounded configuration. The FHR1200
reference voltage is the sum of the Zener voltage plus the base emitter voltage of the BJT,
which also serves as the error amplifier. The BJT base-emitter temperature coefficient
(“tempco”) is approximately -2.2 mV/°C. The Zener was selected to have a tempco that
closely matches the BJT base-emitter tempco, but in the opposite direction. Note: Zener
temperature coefficients vary widely from one Zener voltage to the next, from
manufacture to manufacture, and over applied current. The FHR1200 Zener was selected
to provide the most consistent Vg match over temperature.

Table 2 helps determine the optimum resistor values to properly bias the Zener and BJT
over temperature. Table 3 provides resistor divider values versus output voltage in the
Grounded Configuration.

Table 1-Table 3 and Figure 12 provide the data to set up the FHR1200 regulator.

Table 1. Vge and Vggr Values at 40 pA: Grounded Configuration

Vbe at lcc=200uA and 1z=40uA Vref 1cc=200uA, 1z=40uA @ 25C
Test Condition: VCC~17.3V, CL=0.14F, CN=0.14F, R3=49.9K, ICC=200pA, 1IZ=40pA Test Coneition: Vee~17 3V, C=0.1F, Cy=0.1F, Rx=49 9K, R4=9.38K, leo=200us,
I=40pA,
SN Ve SN Reference Voltage, Vergr
Tal°C) at Ta(°C) at
55 -40 25 85 125 150 -55 -40 25 85 125 150
™) ™) ™) ) ) ) ™ ) ™ 7} (\7} ™
1 0753 | 07100 | 05765 | 04297 | 03347 0.2726 1 73162 | 73252 | 7.3648 | 7.3726 | 7.3393 | 7.2783
2 0.7520 0.7134 0.5668 0.4382 0.3408 0.2879 51 7.3162 7.3256 | 7.36845 | 7.3718 7.3394 7.2626
3 07507 07118 | 05680 | 04336 | 0.3402 0.2856 3 73121 | 73231 | 73673 | 73756 | 7.3447 | 7.2893
Min 07507 | 07100 | 05668 | 0.4297 | 03347 02726 e e et e e | vaes| 5ons
Max 0753 | 07134 | 05785 | 04382 | 0.3408 0.2879
Max 73162 | 7.3286 | 7.3673 | 7.3756 | 7.3447 | 7.2893
Average | 07521 | 07117 | 05704 | 04338 | 0.3386 0.2820 Average | 7.3148 | 7.3246 | 73686 | 7.3733 | 73412 | 7.283

NOTE 1: Vref = Vzener + Vbe
NOTE 2: Vbe temp coeficient ~ -2.2mV/C
NOTE 3: Zener is selected to have +2.2mV/C at a specific bias

© 2014 Fairchild Semiconductor Corporation 13 FEBFHR1200_SPGO1A + Rev. 1.0.0
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Grounded Config:

Temp Stability |

7.50
745
7.40
7.35
7.30
7.25
7.20
7.15
7.10
7.05
7.00

Reference Voltage,Vrer [V]

Reference Voltage vs Ambient Temperature
(Fixed value R4, 1;740pA)

[ [
o =
i —. il

N

60 40 -20 0 20 40 60 80 100 120 140 160

—&— 1cc=200pA
—8—|cc=1mA

Reference Temp Stability

¢ Ground Referenced”

Output Tempco:

Looking at the graph to the left, the reference
voltage will change from ~7.33 volts to 7.29
volts over the temperature range of -40 to
125C and Icc ~200uA; Iz ~ 40UA (zener current)

Ref Tempco: 61.7 ppm/C (-40 to 125C)

VREF(dev) -
Vgrer (Ta=25°C) )

ppm
TCV, =
REFI( °C ) T

NOTE: Some of the error is due to the reference
input current variation over temperature. The
reference voltage is the sum of Vbe plus Vz.

Ambient Temperature, T2[°C]

Solutions for Your Success™

Figure 12. Reference Temperature Stability at 200 pA & 1 mA: Grounded Configuration

28

www. fairchildsemi.com

Table 2. Resistor Divider Values vs. Output Voltage: Grounded Configuration

(Iz, hfe, Ig, Vgg, Ta=55°C to 150°C, Icc=200 pA, 1 mA)

25C R4 Fixed at 25C value -55¢ -40c 25¢c 85c 125¢c 150¢c

1z = 25uA lcc=200uA, R4=232K Iz= [ 3.41E-05 3.22E-05 2.52E-05 1.93E-05 1.52E-05 1.28E-05
Hfe= | 1.25E+02 1.50E+02 2.B0E+02 3.40E+02 4.10E+02 6.60E+02

BJTIb= | 1.60E-06 1.33E-08 7.B9E-07 5.88E-07 4.88E-07 3.03E-07

vhe= | 7.54E-01 7.15E-01 5.67E-01 4.33E-01 3.42E-01 2.90E-01

lecc=1mA, R4=287K Iz= | 3.39E-05 3.23E-05 2.50E-05 1.97E-05 1.63E-05 1.44E-05

Hfe= | 1.50E+02 1.60E+02 2.75E+02 3.50E+02 4.00E+02 4.B0E+02

BJTIb= | B.67E-06 6.25E-08 3.64E-06 2.86E-06 2.50E-06 2.17E-08

vbe= | 7.81E-01 7.47E-01 6.12E-01 4.82E-01 3.97E-01 3.51E-01

1z = 40uA lcc=200uA, R4=14.3K Iz= | 542E-05 5.11E-05 4.07E-05 3.09E-05 2.42E-05 2.00E-05
Hfe= | 1.25E+02 1.50E+02 2.60E+02 3.40E+02 4.10E+02 6.60E+02

BJTIb= | 1.60E-06 1.33E-08 7.B9E-07 5.88E-07 4.88E-07 3.03E-07

vhe= | 7.52E-01 7.12E-01 5.70E-01 4.34E-01 3.39E-01 2.82E-01

lcc=1mA, R4=165K Iz= | 5.40E-05 5.16E-05 4.05E-05 3.21E-05 2.B3E-05 2.33E-05

Hfe= | 1.50E+02 1.60E+02 2.75E+02 3.50E+02 4.00E+02 4 BOE+02

BJTIb= | B.67E-06 6.25E-08 3.64E-06 2.86E-06 2.50E-06 2.17E-08

vbe= | 7.82E-01 7.48E-01 6.09E-01 4.82E-01 3.93E-01 3.48E-01

1z = 60uA lcc=200uA, R4=953K Iz= | 8.22E-05 7.63E-05 6.13E-05 4.62E-05 3.58E-05 3.09E-05
Hfe= | 1.25E+02 1.50E+02 2.60E+02 3.40E+02 4.10E+02 6.60E+02

BJTIb= | 1.60E-06 1.33E-08 7.B9E-07 5.88E-07 4.88E-07 3.03E-07

Vhe= | 7.55E-01 7.03E-01 5.69E-01 4.27E-01 3.35E-01 2.86E-01

lcc=1mA, R4=107K Iz= | 7.95E-05 7.60E-05 6.02E-05 4.79E-05 3.93E-05 3.44E-05

Hfe= | 1.50E+02 1.B0E+02 2.75E+02 3.50E+02 4.00E+02 4 BOE+02

BJTIb= | 6.67E-06 6.25E-06 3.64E-06 2.86E-08 2.50E-08 2.17E-08

vbe= | 7.80E-01 7.46E-01 6.06E-01 4.82E-01 3.94E-01 3.45E-01

© 2014 Fairchild Semiconductor Corporation
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Table 3. Resistor Divider Values vs. Output Voltage: Grounded Configuration

R1 R2 R4

Yout Wref Idiv lcc Ic Vbe Iz R1 R2 R4 1% 1% 1% Power

{volts) {volts) | {uA) | (uA) {uA) {volts) | {(uA) {K) {K) {K) {K) {K) {K) {miv)
8 7.36 200 | 450 250 05704 | 40 D 46 14.261 3.24 464 15 36
9 7.36 200 | 450 250 05704 | 40 8.2 46 14.261 8.25 464 15 405
10 7.36 200 | 450 250 05704 | 40 13.2 46 14.261 133 46 4 15 45
12 7.36 200 | 450 250 05704 | 40 232 46 14.261 23.2 46 4 15 5.4
15 7.36 200 | 450 250 05704 | 40 382 46 14.261 383 464 15 675
18 736 200 | 450 250 05704 | 40 532 46 14.261 536 464 15 8.1
19 736 200 | 450 250 05704 | 40 582 46 14.261 576 464 15 8.55
20 7.36 200 | 450 250 05704 | 40 63.2 46 14.261 634 464 15 9
24 7.36 200 | 450 250 05704 | 40 832 46 14.261 825 464 15 10.8
36 736 200 | 450 250 05704 | 40 143 46 14.261 143 464 15 16.2
48 7.36 200 | 450 250 05704 | 40 203 46 14.261 205 464 15 21.6
75 7.36 200 | 450 250 05704 | 40 338 46 14.261 340 464 15 33.75
100 7.36 200 | 450 250 05704 | 40 463 46 14.261 464 464 15 45

Figure 13 illustrates how Application Circuit #4 can be modified for an LM431-type
configuration. This configuration stacks the Zener and the BJT so that the same current
that flows through the Zener flows through the base-emitter of the BJT. The circuit uses
one less component and can operate at currents below 10 pA.

FamcHio  Appl #4: Isolated Output Regulator

SEMICONDUCTOR"™

“431 Configured”

| Cptional with Schottky |

i Wi Divider Resistor Calculation
R R e s ™ s e et L2
TRNSFMR ES1G 3 1. Vout= =
2 swW . Vout=24 volts 225
o —1 3 P L ~S=—-0 24 volt 3. hfe ~ 260 4. Te - 250uA
® E @ T T“Z&‘F |9—20 Output e e
43 5. Idivider = S0uA
Controller T L7 77 5. Ihias = 1.25 uA at 25C (BJT hias)
—Vee Connect t Connect to a0
el l a3 «D™ on Nodule “E"onModule —————————— | 6- Vref= 7.36 volts at 25C
- 7. R1 calculation: (24-7.36)/50uA = 332.8K
<27 [ SRS "SR S 1' -1 8. SetR1 to closest 1% value: 332K
< 1 C% 100nF 100V (2) v 1
3 Ci ct ' ‘out o o
Gnd + “Bev:;;‘em gule | /_};il éRs bl 9. R2 calc: Vref/(50uA-1.25uA) =150.94K
1 1K R7 10. Set R2 to closest 1% value: 150K

| Connectto = |
B on Module t > b ®© L
: H11AGIVM 5 " E; C4
1 s R6
I o] =] 10K |

Specifications:

1. Operating current: 300uA

—A—
nT = 475K 10nF
s—1

Rl1=
R2=

2. Power Dissipation: 7.2 mW
3. Thermally Stahle: <50ppm (-55 to 35C)

% i Demo ,E
(Vout —Vref) /I divider Module

Vout = Vm{1 - %2'-) Hl X RY)

5. Output Voltage: 24 volts

T
1
Nret (dividere T ! D 2w
refl (I divider — Iref) I Modified i T
I for 431 e . S
1
|

Solutions for Your Success™ 31 www. fairchildsemi.com

Figure 13. Isolated Output Regulator: 431 Configuration
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Table 4 gives the voltage divider values for different regulator voltages given a 200 uA
collector current and a 50 pA divider current.

Table 4. Resistor Divider Values for Isolated Output Regulator

Yout Wref Idivider lcc Ic Iref Temp R1 R2 1R;o R2
{volts) {volts) {UA) {uA) (UA) {UA) e (K) {K) Value 1% Value
8 7.39 50 200 250 125 25 122 150.11 121 150
9 7.39 50 200 250 1:25 25 322 150.11 324 150
10 7.39 50 200 250 1:25 25 522 150.11 623 150
12 7.39 50 200 250 1:25 25 922 150.11 931 150
15 7.39 50 200 250 1.25 25 1522 150.11 154 150
18 739 50 200 250 1.25 25 2122 150.11 210 150
19 7.39 50 200 250 1525 25 2322 150.11 232 150
20 7.39 50 200 250 1:25 25 2522 150.11 243 150
24 7.39 50 200 250 1:25 25 3322 150.11 332 150
36 7.39 50 200 250 1.25 25 5722 150.11 576 150
48 7.39 50 200 250 1.25 25 8122 150.11 806 150
75 7.39 50 200 250 125 25 13522 | 15011 1370 150
100 7.39 50 200 250 1.25 25 18522 | 150.11 1870 150

Figure 14 shows how application circuit #4 can be used to make a non-isolated output
regulator. The grounded configuration is used because the output of the regulator must
directly drive a power supply controller to ground on the feedback pin. The values of R1
and R2 were selected for an output voltage of 24 V. R4 was selected to set the Zener
current to 25 pA.

Table 5 provides the Vg and Vggr voltage when the Zener current (I) is set to 25 pA and
the collector current is set to 200 pA. This biasing reduces the regulator power
dissipation to 2.4 mW with a 24 V output voltage.

FaircHico  Appl #4: Non-Isolated Qutput Regulator

SEMICONDUCTOR®"
“Ground Referenced”

| Cptional with Schotky 1

I oy Dl i Divider Resistor Calculation
24v@ SW 24 volt 1. Vout=24 volts 2.Iz=25uA
Vinput
T 4700F I__)_ZO OUtpUt 3. hfe ~ 260 4. Ic ~ S50uA
5. Idivider = S0uA
Controller l
| 5. Iref=0.5 uA at 25C (BJT bias)
Vee Co Connect to
Gate —J = “0" ::efn?nle “E” on Module 6. Vref = 7.35 volts at 25C
cs 7. R1 calculation: (24-7.35)/50uA =333K
227 FoTssssEEmmmm i' -1 8. SetR1 to closest 1% value: 332K
Gnd 3 Connect to 100a J00¥
[ "“B" on Module 1 yout 1 9. R2 calc: Vref/(S0uA-0.5ul) = 148 48K
foj—s, Connect o 10. SetR2 to closest 1% value: 150K
ool 11.R4=23.2K see Slide 27

R1=(Vout —Vref) /I divider | : 3 .
| Specifications:

S Add Jumper
R2= ivider —
bl ) D i 1. Operating current: 100uA
Mo
Module 2. Power Dissipation: 2.4 mW

Remove
OPTOs add @cGnd

3. Thermally Stahle: <50ppm (-55 to 35C)
5. Output Voltage: 24 volts

Figure 14. Non-Isolated Output Regulator: Grounded Configuration
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Table 5. Vge & Vger Performance Over-Temperature: Grounded Configuration

Vbe at Icc=200uA and 1z=25uA Vref 1cc=200uA, I2=25uA @ 25C

Base-Emitter Voltage, Ve SN Reference Voltage, Veer
T4 (°C) at Ta(°C) at
SN
55 40 25 85 125 150 -85 -40 25 85 125 150
) ) ) ) ) ) Y] ] \J] W W Y]
1 07554 | 07157 | 05653 | 0.4286 | 0.339% | 02852 1 73139 | 73215 | 7.3491 | 7.3347 | 7.2740 | 7.1858
2 07536 | 0.7166 | 05681 | 0.4375 | 03442 | 0.2945 2 7.3142 7.3221 7.3491 73337 | 7.2749 71921
3 07518 | 07137 | 05683 | 04330 | 03431 | 0.2889 3 7.3128 7.3226 7.3515 7.3378 | 7.2804 7.1997
Min 07518 | 07137 | 05653 | 04286 | 03396 | 0.2852 Min 73128 7.3215 7.3491 7.3337 | 7.2740 7.1858
Max 07554 | 0.7166 | 05683 | 0.4375 | 03442 | 02945 Max 7.3142 7.3226 7.3515 7.3378 | 7.2804 7.1997
Average | 07536 | 0.7153 | 05672 | 04330 | 03423 | 0.2895 Average 7.3136 7.3221 7.3499 7.3354 | 7.2764 7.1925
_—— . .
FaircHILD  Appl #4: Primary Side Regulator
SEEEEeTRs® “Ground Referenced”
™
Vin - -
c5=’=_% R& b Features
S R7
re L“tgﬂ"ﬂ 2 » Isolated Output
2 VSTR DRAIR u ]i B2
41viN+ DRAINEE » Low Cost: No OPTO, fewer parts
SR6 S VFB DRAIN| L) . .
4 oo vook? Rz D3 » Simple Design
|:1,ir c1 = = R
c2 =L = %
C3 T T c4 l_ ________________________
3 1 Specifications: 1
- i !
2k w 1 1. Low Power: < 3mW !
s 3 ‘ 2. Minimum Parts Count :
! 1
1 .
FrluJRz1zoo * 4 - i 3. Input Voltage Range: 7.5 to 120V :
Tt | 4. Wide Temp Range: -55 to 150C !
3 1
1 SR4 : 5. Output Voltage Range: 0 to 100V :
1
- 4 | 6. Maximum Output Current: 50mA !
: 7. Min Operating Current: <10uA :
R1=(Vout—Vref) /I divider : :
R2 =Vreff (I divider —Iref) L e 1

55 www. fairchildsemi.com

Figure 15. Basic Concept of Primary-Side Regulator: Grounded Configuration
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Appl #4: Primary Side Regulator

“Ground Referenced, Isolated”

Controller

— Vee

I Q3
Gate

cs

Gnd

T R

3 Connect to
“B” on Module

100nF 100V

c2

Connect to
=% 4 on odule

R1=(Vout—Vref) /I divider
R2 = Vreff (I divider — Iref)

Remove

OPTOs, add
Lo limpers o,

- -]

it et iy

Divider Resistor Calculation

. Vee= 14 volts

. hfe ~ 260

. Idivider = 200uA
. Iref=04 uA at25C (BJT hias)

1 2.Iz=40uA
3

5

5

6. Vref = 7.36 volts at 25C
7

8

9

4. Ic~100uA

. R1 calculation: (14-7.36)/100uA =66.4K

. Set R1 to closest 1% value: K

. R2 cale: Vref/(100uA-0.4ud) = 73.895K
10. Set R2 to closest 1% value: K
11.R4=15K see Slide 27

| Specifications:

: 1. Operating current: 300uA

: 2. Power Dissipation: 3.6mW

: 3. Thermally Stable: <50ppm (-55 to 35C)
|

|

5. Regulation Voltage: 14 volts

Figure 16. Primary-Side Regulator Based on App #4: Grounded Configuration
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Appl #4: Floating Buck Regulator

“Ground Referenced, Non-Isolated”

Vee 78K 4148
& 1]} u A J'< 5
L@__VVV_"_.JW‘ RS o4 Y
1A 4007 1mH o N o] ~ 0
230V L SRi 4007
10K 2 8l w S T 5
o1 & A SRS E E > 1uF
90-260VAC T T 8 |09 00 FSL126MR
3 15uF | 16uF i1 o ['1 A
Line Input 400V 100F = o O hiAd
4oov ol REL A R
wos | o[ <[ e[ ] PRI
02 4007 e
i 4
NO— L o -
S RTS L
22K SR
< L2
1 2
. 0) vout
2nF
[TE 3 gm R
10K
o 1000uF
{©) Gnd
.

R4= 15K
Wout 12 volts

R1=(Vout—Vref) /I divider
R2 =Vref! (I divider — Iref)

Features
» Non-Isolated QOutput

» Low Cost: fewer parts

» Simple Design

. Low Power: < 3mW

. Minimum Parts Count

. Input Voltage Range: 7.5 to 120V
. Wide Temp Range: -55 to 150C

. Output Voltage Range: 0 to 100V
. Maximum Output Current: 50mA

B I = ¥ e P R S

. Min Operating Current: <10uA

Figure 17. Concept of Floating Regulator Based on App #4 Circuit
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FaiscHino  Appl #4: Floating Buck Regulator

SEMICONDUCTOR®™

“Ground Referenced Reg, Non-Isolated Supply”

[
7.6K
) o Vee L o s
g ] e
;;vw 1mH o ~| of ~ ";07
i 10K S 8 ut TcCs
sozsovac OV C23c  $Re L £ % ° FSL126MR e Appl 4:
Lo ok 16uF 15uF 1 cs3 o
P 400v | 400V 10uF 2 ok L2 Power SUppIy &
Toor | 7] 7L Module
4007
yecr o
rs | Interconnect
R7T S
22KS == L2
2

@
<
15}
=

112 2 | I .
zrF ~ (ID"
- ca DX ce xRS +12v
400 1000uF 10% —i
@Gnd

R

R1=(Vout—Vref) /I divider
R2 = Vreff (I divider — Iref)

Regulator Specifications:

1. Operating current: 100uA (including divider)

Iref=25ul
3. Thermally Stable: <S0ppm (-55 to 35C) Lzt -
R4=233K

1
1
1
/]
2. Power Dissipation: 1.2mW :
1
]
1
1

5. Regulation Voltage: 12 volts
"""""""""""""" Vout 12 wolts

Figure 18. Floating Regulator Using App #4 Circuit: Grounded Configuration

FaircHio  Appl #4: Programmable Power Zener

SEMESIREETER" “Ground Referenced”
High Speed Power Zener Diode ‘ Power Zener Diode made by adding
an external FET to the FHR 1200
"a"qu ®) Vzeq

R7

F]
o
el
i
VWV

Power

‘z)?::; External 11

MOSFET "l|—<
# P-Chan [
|
|
i
|

External
MOSFET
P-Chan

Q2

FET Buffer N

f
S
c|®
- |0
8
A
W
53
x

If a zener diode above 5 watts is required, it can be made by adding an external MOSFET to the
standard FHR1200 regulator. A FET buffer can be added if faster response if required.

Figure 19. Concept for Programmable Power Zener: App #4 Circuit
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Programmable Zener Diode

The large signal response of the
FHR1200 is well above 20MHz
giving very good pulse response

Pulse Response

+10 volts

SRS — and the ability to use the regulator
{npust Wavatorm as a programmable zener diode
5V/Div 1uS/Div up to 120 volts.
s 0 Volts
Z=10mA 24919

+7.5 volts

Output Waveform Signal
5V/Div 1uS/Div. | = Generator

O volts Vin =+10v pk

Voutput

FHR1200

o
«w
le——

1. Pulse Generator Risetime <2nS.
2. Pulse Generator output Z= 50 ohms
3. Pulse Generator output = >12 volts into 50 ohms

Figure 20. Characterization of FHR1200 used as Zener

_——u
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FHR1200: Dvnamic Impedance vs Frequency

The dynamic impedance versus frequency is low for the FHR1200 over a large
frequency range as can be seen in the graph below. The impedance is a function of
current and can be further lowered by raising the current to as much as 50mA.

Dynamic Impedance vs Frequency
(Ibias=10mA)

20

18
T
£ 3
Fu £ X
AR
3
; 8
g - v \.e\ Signal 50 ohm 1 Voutput
& .- il i 1 il 4 Generator Non-Inductive =)

. Vinput FHR1200 - 4 l

5 1 10 100 1000 10000 100000 l =

Frequency [KHz] —

Figure 21. FHR1200 Dynamic Impedance
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“Ground Referenced”

Appl #4: Voltage Reference

The FHR1200 can be used as a low-cost, temperature stable voltage reference

Reference Test Circuit

Demo Board Module Test Circuit

3. Thermally Stahle: <50ppm

8)Gnd

~

Icc —>
= <
] T NOTE: Capacitors i s
8 Cnand Cl are a5 R :
R3 c _'_ 3 ek optional but can 1 :
NT = " improve noise .
: b sI b K;, o performance 1 : :
Ve TEMP, 7 If Cn=CI=0.1uF, 0 ohms = i
]- 1<F Cnoise~8uV RMS P!
- ' 1
53 1
= ] 1 Vref
““““““ T S T TR i) I 1
Reference Specifications: 1 = | !
1. Operating current: 40uA (R4=15K) : 3 —F:l:1200 % R4 “E» : :
1 15.0K 5 J
! I
! |
! J

1

1 I
1 |
1 I
1 |
: 2. Power Dissipation: 0.3mW :
1 I
1 |
1 I
1 I

5. Reference Voltage: ~7.4 volts

Figure 22. Concept and Actual Voltage Reference Using App #4 Circuit

f—
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Break Module from
Main Demo Board

___Board with Module Mounted

NOTE: Will need to remove PS high-side OPTO bias
resistor and output voltage divider resistor

43

Solutions for Your Success™

FAIRCHILD

‘n

Appl #4 Module

Appl #4: How to Add to Existing Power Supply

“Ground Referenced”

8w Power
Supply

Remove Power
Supply opto
(1C103)

Solder wires in the
air from the PS
opto pin holes to
extend to module.

Solder wires in
module opto pin
holes.

Add a wire to
connect the PS
ground to the
module ground “E”.

Add a wire from “D”
to power supply
output.

www. fairchildsemi.com

Figure 23. How to Add the App #4 Module to an Existing Power Supply
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3.3. Application #5: 0 to 6 V Regulator

Application circuit #5 is a OV to 6 V, 0 mA to 50 mA voltage regulator made of an
FHR1200 and a few resistors. It can be used for voltage regulation where just a few
milliamps are needed for an auxiliary circuit, such as a micro-controller. The small size

and low-cost of the circuit allows it to be used where space and cost is a consideration.

FAIRCHILD

SEMICONDUCTOR®

0.1uF 100V F

~ [

R9 r--
Optional!

D2

1w

DO-411

‘R12

Q2

R8

FHR1200 (U3)
(Q2,D1)

SC-70-6

Vout

Appl #5: 0 to 6 volt Regulator

“BJT and Zener are Independent Components”

Specifications

1. Output Voltage: O to 6 volts

2. Minimum Parts; Low cost

3. Wide temperature range: -55 to 150C
4. Output Current: 50mA Max*

* Limited by SC-70 package power
dissipation. R12 and/or D2 optionally
reduce the dissipation in the FHR1200.

R11 = (Vref - (Vout + Vbe)) / | divider

R8 = (Mout + Vbe) / (I divider — Ibase)

Vout = (R8/(R11+R8)Vref - (R11/(R11+R8)*(Ibase) - Vbe

Figure 24. Simple, Low-Cost 0 to 6 V Regulator: Application Circuit #5

Table 6. Simple, Low-Cost 0 to 6 V Regulator Resistor Values

Vout | e | mt) | o) | (m) | voke) | (ohe) | (ma) | ohm) | kahm) | (<ohm | (<o)
6 250 | 30 6.8 0.12 6.8 0.68 1 0.00 none 0 none
) 250 | 30 6.8 0.12 568 | 068 1 112 6.45 1.10 6.49
4 250 | 30 6.8 012 | 468 | 068 1 212 5.32 210 5.36
33 | 260 | 30 6.8 0.12 398 | 068 1 282 452 287 4.64
25 | 250 | 30 6.8 0.12 3.18 | 068 1 3.62 3.61 3.65 3.65
2 250 | 30 6.8 0.12 268 | 068 1 412 3.05 412 3.09
1.25 | 250 | 30 6.8 0.12 193 | 068 1 4.87 219 4.87 2.2
1 250 | 30 6.8 0.12 168 | 068 1 5.12 1.91 511 1.96

R11 = (Vref - (Vout + Vbe})) /| divider

R8 = (Vout + Vbe) / (| divider — Ibase)

© 2014 Fairchild Semiconductor Corporation
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FHR1200: Power Derating Curve

350

1
(338mW)
300

250

I(—mvm—\

200

150

N\
A\

100

50

Total Power Disipation, Pd (mW)

<75 -50 25 0 25 50 75 100 125 150 175

Ambient Temperature, T, [°C]

Junction to Air
Thermal Resistance

== Typical (package)
w=fl= Rated 550 “Ciwatt = 0.55 “C/mW

Junction to PCB
Thermal Resistance

—A—. Rated 370°Chwatt = 0.37°CimW

Can the Package Handle the Power?

Conclusions:

1. No De-Rating is needed at
125 degrees centigrade with

a 0.0825 C rise.

NOTE: Part operation can
include 150 C die temp.

PCB board size (FR4): 3 x 4 inch x 0.062

with minimum land pattern size

Assumes that board temperature is 25C

Note: During development the part was tested and
characterized over the filll -55 Cto +150C
temperature range. However, the part can operate
both at lower and higher temperatures.

Figure 25. FHR1200 Thermal De-Rating

je——
FAIRCHILD
————————

SEMICONDUCTOR®™

Appl 5: +3.3 Volt Supply with Thermal Calc:

Description:

processor or other function

A simple, low cost, 3.3 volt regulator can be made using the FHR1200 to run a

Features:
. Output Voltage: 3.3 volts
. Minimum Parts; Low cost
. Wide temperature range: -55 to 100C
. Output Current: 30mA Max

Design is based upon Junction to PCB
Thermal Resistance = 0.37 C per mW

a1l

THERMAL DESIGN NOTES

. Y
2 , o, . s
Tamp

3 e 7
4 >0

Altemnative way
P to drop coliector

2. 22 volt minimum input
3. 26 volt maximum input

across BJT = 4.7 vol
Max power dissipation

7.
max voltage an

8. Junction to board thermal
resistance = 0.37degree C per mW
PCB board size: 3 x 4 inch 0.062 FR4

9. Junction to PCB thermal rise = 52 C

10. Max die temp = (80 +52) =

using a series resistor in the colle

has a

output current the worst case

occurs
the die

1. Max Circuit Ambient: 60C

4.1.28 volts pin 1-6 minimum FHR1200
| 5. Max voltage on R4 = 18v
6. Max voltage at max current

its

at
current = 141mwW

arabolic distribution so at

. If the output load current = 19
i will be 79.4

voltage. Especially
W load varies greatly

1.35mA |
M

> R12

6.88v 2 600 ohms.

350 uA\[/ (3x 1.8K 0.25w)

3.3 volts
30mA
Vout

12C

-
FHR1200 §ﬁ'gg:m
dehgg%§"”" 7T FE0EE Rs
i

C.
12. The overall die temoerature will be 139 C.
(assumes that junction to board is 0.37 dearee/ mW)

Vout= (( R8ARI1+R8) ) vaer ) - vba

|
|
|
|
|
|
|
|
|
| 11. Dropping voltage to limit power dlsslpa'lon
|
|
|
|
|
|
|
|
|

Vref = 6.880 volts
Vbe = 0.672 volts

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
0.54 watts |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
hfe = 200 :
|

Figure 26. Application #5: 3.3 V Power Supply Thermal Calculation
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3.4. Application #6: V.. or Brownout Regulator

Many power supply designs require that the V¢ voltage be regulated for the controller.
The FHR1200 low operating current, high voltage, and wide temperature range make it a

good choice for general regulation applications.

uyx .
FAIRCHILD Appl #6: Simple, Vce or Brown-Out Reg
SEMICONDUCTOR® “L. V431 Configured”

Application #6: 12 volts Regulator ‘

: Discussion
In ut 0. 1uF' 100V
P éL—Té Application #6 was setup as a 12 volt regulator.
100K 9% To change the voltage simply adjust the ratio of
R0 1210 R18 and R19 to regulate from 8volts to 120 volts.

The output current and input voltage was limited
by using a small signal BJT (Q6) as a pass
transistor. The circuit can drive BJTs, Darlingtons,
and MOSFETs to both raise the operating voltage
and output current to what is needed by the
designer. The present design was optimized for
very low standby power at voltages from 8 to 25

[
FHR1200

- 4 ® Gnd volts.

R1 = (Mout —Vref) / | divider
R2 = Vref/ (I divider — Iref)

Vout = Vref(1 + (R1/R2)) + (IrefR1)

Application: R1=R18 R2=R19

Figure 27. Application #6: Vcc or Brownout Regulator Design

Table 7. Application #6: Vcc or Brownout Regulator Resistor Values, LM431

Configured
: Formulas
lout Vref Iref Idiv R1 R2 R11% R2 1%
Vout | (mA) | (volts) | (uA) | (uA) | (Kohm) | (Kohm) | (Kohm) | (Kohm) R1 = (Vout —\ref) / | divider
8 |10 | 739 |025| 10 | 610 | 758 | 604 | 750 R2is\reft (I divider=ref)
10 10 739 | 025 | 10 261 758 261 750 Vout = Vref(1 + (R1/R2)) + (IrefR1)

12 10 | 7.39 | 025 | 10 461 758 475 750
15 10 | 7.39 | 025 | 10 761 758 768 750

Application: R1=R18 R2=R19

18 10 739 | 025 | 10 1061 758 1070 750 During the calculations, the Vin

20 | 10 | 739 |[025 | 10 | 1261 | 788 | 1270 | 750 minmumes essiliod Lobore fon
volts higher than the output voltage.

24 10 739 | 0.25 10 1661 758 1650 750 The minimum allowed is ~0.5volts.

30 | 10 | 739 | 025 | 10 | 2261 | 758 | 2260 | 750 voltage dropracioss e negylator

during operation will dissipate power.

40 10 | 7.39 [ 025 | 10 | 3261 758 3240 750 So if the input voltage is significantly
higher than the output regulated

A0 10 7.39 0.25 10 4261 758 4320 750 voltage a resistor (R30) can be added

60 10 7.39 0.25 10 5261 758 5230 750 in series with the BJT collector to drop

70 10 739 025 10 6261 758 6190 750 the voltage and lower the FHR1200

dissipation.
80 10 739 | 025 | 10 7261 758 7320 750

The no load power dissipation for the

a0 10 7.39 0.25 10 8261 758 8250 750 circuit is very low. For example, with
24 volt output (26 volts input), the

100 10 739 | 025 | 10 9261 758 9090 750 power dissipation is 10uA*26=
0.26mv.

© 2014 Fairchild Semiconductor Corporation 24 FEBFHR1200_SPGO1A + Rev. 1.0.0
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FAaircHILD  Appl #6: Simple Aux or Brown-Out Regulator

SEMICONDUCTOR® “LM431 Configured”

Brownout Regulator ‘ Output Side Auxiliary Regulator ‘
Brownout Circuit "
Vin To Power E J_ O
Y — RII3 400Kk 7 Transformer g Y Cx
16 to 20V AW Vee & L J ;[ >—O
Vin Sense s )ZUS
< ) :E"‘"‘ 2z 3 o E. ; _l-? Vdd ~13 volts min ‘&
Res ~ c10s LI =
b 9 \33uF, * =l Cobm
= 100K
1 [ : o
RO 1al 10uAl NS00 .
M = RITZ -L—»Mozt;
> — NOTE: 6] cs| ZTR8B mA
RIS FHR1200 Q6 can also be darl BJT or FET. If so g; i e
5k = the value of R10 should be raised >300K 5 el
; *k C‘auses \(cc to lower as input vnn!ge depending upon the value of Vdd & Ib 4 _— < RI19
_......._..f..?..j Risesuntil controller tums off at Vin max. R30 can be used to minimize Q6 dissipation u4 o780k
= A
Description T
P Description
Regulates input voltage (Vbias) to produce regulated
output to drive PS controller. Monitors Vin and Low standby power regulator (0.474 m\W) for
reduces Vce as Vin rises until controller turns off due secondary power S“PP'V outputs. Typically used
to Vin being too high. It will also turn off the for low current supplies. Although can be used for
controller if the Vin is too low. much higher currents if a Darlington or FET is
used for the series pass transistor.

Figure 28. Application #6: Brownout & Auxiliary Regulator: LM431 Configured
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4. Schematic

Application #3

+12 volt Regulated, Energy
Storage Cap Charger

U7 - NC7WZUO4

Application #1&2: U9, U10
{break-away boards)

C2 100nF 100V

U8 | FANISS

(low power)
4
A B

< OPTO 2
= Alternate OPTO
< FODOI 7n
fo - —
oPTO1 !
HITAGIVM /
e R6
-2 10K

®
B
22
KA
Wv
£ 2
3 2

ww.fairchildsémi.com

A

V-
R22
392K

FHR1200
us

€10 =
100pF

e
FLLO261
ENYE +12 volts
._l ™M (Vour)
o2 To energy
storage

capacior

Vout = ((Vref (1 + (RUR2) ) + Iz (R1)) - 0.65

NOTE: uum (4 R?l or use UB, R26, R27, C11
o not use by

————%  3mw Standby
—_—
3
% }
3
p.
21K
R30
D
+® Vout 0.1uF 100V

(24v)

2 6"4[‘“@"’_“_
Gnd —= i [0 All
£

I s

NOTE 3 o —
Circuit must be setup OR

$0 can be used as a L i
module to be inserted in 4 7]
existing power supplys ~

via the opto pins. The FHR1200

module would be placed [~ . S R4 [ FHR1200 |

in the air above existing u 150K 4| U2

and Capacitors o1
0805 except if
stated otherwise
> R2

> 46.4K

E

OPto n the eXIsing SUPP!Y  Ground Referenced 431 Configured

Application #4 (break-away Brd)
Grounded & 431 Configured Output Regulator

2)Gnd
—

R12

2510

FHR1200

(Q2.D1)
SC-70-6

U3

@ Vout 3. 3volts

1 G

S

Rload
R15

(Test Only)

110 ohm

1 1206

SUPPLY <8 volts

Application #5

0 to Bvolt regulator

S 100K

‘D R10 1210
Q8
L, 5089
X vout
(+12)
475K
[ : R18
5 = 9
5 e - 5 S (P
2]
e 3
FHR1200 3
4 L@sna
= :
Application #6

Yoo Regulator

Figure 29. Evaluation Board Schematics
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5. Bill of Materials
Item Description Distributor| Distributor Part Number MFG Qty | Designator | Remarks
Resistors and Pots
1. 0Q0.5W 1210 SMT Mouser 667-ERJ-14YOR00U Panasonic| 1 R30
2. 47 Q 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD47R0OF KOA 1 R28
3. [110 Q 1% 0.25 W Resistor 1206 SMT | Mouser 660-RK73H2BTTD1100F KOA 1 R15
4. 604 Q 1 W 2512 SMT Mouser 660-RK73H3ATTEG040F KOA 1 R12
5. 1kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD1001F KOA 1 R3,
6. 2.87 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD2871F KOA 1 R11
7. 4.64 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD4641F KOA 1 R8
8. 4.75 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD4751F KOA 1 R5
9. 10.0 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD1002F KOA 1 R6, R24
10 12.7 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD1272F KOA 1 R9
11 15.0 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD1502F KOA 1 R4
12] 22.1 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD2212F KOA 1 R31
13 27.0 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD2702F KOA 1 R23
14 39.2 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD3922F KOA 1 R22
15| 46.4kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD4642F KOA 1 R2
16 68.1 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD6812F KOA 1 R21
17| 82.5kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD8252F KOA 1 R1
18, 100 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD1003F KOA 2 R10, R25
9 i Optional.
19, 274 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD2743F KOA 1 R26 Do not install
20, 475 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD4753F KOA 1 R18
21 750 kQ 1% 0.125 W 0805 SMT Mouser 660-RK73H2ATTD7503F KOA 1 R19
22| 1.24 MQ 1% 0.125 W 0805 SMT Mouser | 660-RK73H2ATTD1244F | KOA 1 R27 Optional.
Do not install
. Optional.
23] 0.125 W 0805 SMT Optional 1 R7 Do not install
24, 0.125 W 0805 SMT Optional 1 R17 Optional.
Do not install
Capacitors
25100 PF COG 5% 100 V Geramic 0805 o ger 581-08051A101J AVX | 1 C10
g6/ 10 nF Geramic Capacitor 50V 0805 | - poser 80-C0805C103K5R Kemet | 1 o
0.1 uF Ceramic Capacitor 50 V 0805 C2, C5, C7 Bili
27 SMT Mouser 581-08055C104K AVX 5 C,9 C’1 1 Optional.
’ Do not install
o8, 1.0 uF Ceramic Capacitor 50 V 0805 Mouser 963-UMK212B7105KG-T Taiyo 1 c13 Optiopal.
SMT Yuden Do not install
Cornell
29, 22 yF 16 V SMT Mouser 598-AFK226M16C12T-F Dubilier 1 Ci12
30, 100 uF 6 V SMT Mouser 667-EEE-FPJ101UAR  |Panasonic| 1 c8
31, 0805 SMT Optional 1 c4 Optional.
Do not install
; Optional.
32) 0805 SMT Optional 1 C6 Do not install

© 2014 Fairchild Semiconductor Corporation
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Item Description Distributor| Distributor Part Number MFG Qty | Designator | Remarks
Transistors
33] 2N5089 NPN Transistor SOT-23 Mouser 512-MMBT5089 Fairchild | 2 Q4, Q6
34/ N-Channel FET SuperSOT™-6 Mouser 512-FDN337N Fairchild | 1 Q5
Diodes & Rectifiers
) Optional.
35. 1 W DO-41 Zener Optional 1 D2 Do not install
36, Dual Diode Low Leakage SOT-23 512-FLLD261 Fairchild | 1 ue
Integrated Circuits
Ui, U2, U3, .
37| FHR1200 Shunt Regulator SC-70 | Mouser 512-FHR1200 Fairchild | 7 | U4, U5, Us, 82 Op‘.'ona'l'l
U10 0 not instal
38, Opto Isolator, HI1AG1M Mouser 512-H11AG1M Fairchild | 1 OPTO 2
oo Optional.
39 Opto Isolator, FOD817D Mouser 512-FOD817D Fairchild | 1 OPTO 1 Do not install
40) NC7WZzZUO04 Dual Inv Gate SC-70-6 Mouser 512-NC7WZU04P6X Fairchild 1 u7
41| FAN156 Comparator MicroPak™ 6 | Mouser 512-FAN156L6X Fairchild | 1 us Optional.
Do not install
Inductor & Hardware
42, 100 uH SMT, 0.5 A, 0.25 Q Mouser 810-SLF7045T-101M TDK | 1 L1

© 2014 Fairchild Semiconductor Corporation
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6. Application Circuit Tests

Six application circuits are provided to help designers understand the FHR1200 and how
it might be used in an application. The FHR1200 is very flexible and can be used in many
diverse applications. Default voltages and operating currents were selected to enable
testing, but may require adjustment for a particular application. The design formulas,
device curves, and data are supplied in this document and in the FHR1200 datasheet.

fle———————————
FAIRCHILD
SEMICONDUCTOR®

D)
12V STORAGE CAP CHARGER

&~ Connections

Connecting the Application Modules for Test

Power
Connections
23
Test Clips for Power
5 . Connections
Power Bend hook open to

make it easier to go thru
hole on back of board

When the board is first built; the easiest way to connect the power to test
each of the applications is to use standard test clips inserted from the rear
of the board. The hook in the clip will have to be straightened a little for
this.
and test. This keeps the board nice and clean and avoids solder wicking
through the holes. Solder that wicks through might make it difficult to glue
the label on the back of the board.

The label can be removed by the customer after they receive the board if
they wish. The rubber cement used to secure the label comes off cleanly
for this purpose.

This method avoids having to put any solder in the holes during build

Figure 30. Connecting the Evaluation Board for Test

Lower Left Corner of Demo Board with
one Adapter Broken away

ST s
D€ e
i X cut
Y (Break)
Demo Board Edge | D 3
e ]

cuT X c:”e“;k
. e
| APP #1 SC-70

to DIP ADAPTOR

"APP #2 SC-70
"to DIP ADAPTOR

Breakaway Line

w— Breakaway

\ Line

'

1

\ 2
Breakaway Line

Once the Adapter is removed
from the demo board, it can be M'“*”" ‘
trimmed with heavy scissorsto [~ [Be=  ==f]
reduce the adapter size even  an |
more if needed.

Figure 31. Break-Away Detail for Socket Adapters

© 2014 Fairchild Semiconductor Corporation
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e As Originally Built, Application Circuit Tests

SEMICONDUCTOR®

Application #1 & 2: FHR1200 Do
Pinout 0.
p2_ D3 The FHR1200 is very flexible
R Sl and can serve a number of

different application circuits on

E Qlf E] different applications. To help
E El illustrate this, there are 6
4]

3 ‘l< o the FHR1200 Demo Board.
ClrestDisaten Appl #1 &2: The FHR1200
Test Procedure: comes soldered to the adapter
1. Set DVM to test “Diode” boards to make it easy to
2. Test B-E O1: Place positive (red) lead on FHR1200 pin 5 and the prototype the part. The BJT and
negative lead on pin 1. The DVM should read ~ 0.74 volts zener diode can be checked for
3. Test B-C Q1: Place positive (red) lead on FHR1200 pin 5 and the proper installation using a DVM
negative lead on pin 6. The DVVM should read ~ 0.74 volts to check the semiconductor
4. Testzener D1: Place positive (red) lead on FHR1200 pin 4 and the junctions. For checking, BIT Q1
negative lead on pin 3. The DVVM should read ~ 0.74 volts can be thought of as two diodes:
5. Set DVM to “ohms”. Test to make sure that there is no connection D2, D3.

between pins 28&3; 2&1; 1&6; 485

Solutions for Your Success™ 69 www. fairchildsemi.com

Figure 32. Testing the FHR1200 Devices on the Socket Adapters

e e As Originally Built, Application Circuit Tests

SEMICONDUCTOR"™

Application #3: Energy Storage Initial Check

H 1. SetTest DVM to "ohms" on the 10K scale.
Capamtor, Charger Place the red probe to Pin "L" and the black to

EVA\;‘;V Wy pin“N".

= glx 2 : . - 2. Measure the resistance. At first the resistance
should be low as capacitor C8 and C12 charge.
’_{ WWait 10 seconds. The resistance should be
Ij_ =10K ohms.

100uH Y'* 3. Verify that the FHR1200 (U5) is installed
% correctly using the procedure for the Adapter
FLLD2G! boards.

»3—”2—. +!2'mhs 4. Carefully check that IC U7 is installed correctly
M (Vou) and that the components are properly installed
and soldered.

U7 : NCTWZUD4
g FANISS

3mW Standoy

b

= C12 To energy
713 " .
) o o Function Check
a7 — e capacitor
B 1. Connect the positive terminal of a 3.3 volt supply
to Pin "L" of the #3 Application. Connect the
{ j_ | o Vot = (Ve (1 + RUR2)) + 12 R1)-065 negative terminal to pin "N". Do not solder
21K 1

100cF anything in the pad holes.

= NOTE: Use 04, U7 R24 or 7 )
RO = Dsogm[ use bmbb e 2. Setthe test DVM to DC volts and connect it to

pins "M" and "N".
‘ 3. Turnon the 3.3volt supply. The current should

NOTE: As originally built, R27, R26, U8, C11 are not supposed

b initially be <0.5amp and drop untilit is <2mA.
to be soldered to the application module.

4. Thetest DVM should read ~ 12 volts.

Solutions for Your Success™ 70 www.fairchildsemi.com

Figure 33. Test of the Energy Capacitor Charger Operation
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R HILE  As Originally Built, Application Circuit Tests

SEMICONDUCTOR®

Application #3: Capacitor, Charger ‘ Circuit Operation
_— When power is applied, The voltage on C10 and C13 will be close to zero.
A r L Lo Q4 will be off, the voltage on pin 1 of U7 will be high, the output for U7
g% | =22 — ! 1= ©3% | will be low, Q5 will be off, and the feedback voltage thru R21 and R22
i will be zero and U5 will be off.

C10 will begin to charge thru R23 and R25 until the voltage on the base of
Q4 reaches ~ +0 .65 volts; and Q4 starts to conduct and the voltage

=i on pin 1 of U7 goes low. This causes the output of U7 to be high which
"‘L“@“‘E';jj drives the gate of Q5 high turning on the FET. The high also forces the
‘ n low side of the integrator capacitor C10 high along with R30 turning the

;f,f;:' FHR1200 BJT on. The high on the low side of C10 is coupled to the

eapactor base of Q4 further turning Q4 on. This condition will remain until
resistor R25 discharges C10 below the conduction threshold of Q4 and
Q4 turns off. During the discharge interval, Q5 was on and current was
ramping up in inductor L1.

Ve = (Ve (1 + RURD)) + 2 R1)- 065

B 0 .
o ——IT= mf‘l‘ NOTE: Use Q4,7

Donct

When Q4 turns off, the output of U7 goes low, and Q5 turns off the energy
in L1 starts to discharge into capacitor C12 and the external energy
storage capacitor voltage causing the voltage on the capacitor to rise.
Q4 will remain off until timing capacitor C10 recharges, via the current
thru R23 and R25, to ~0.65 volts. For regulation, the C10 charging

Circuit Elements: The FHR1200 regulates the output
voltage of the charger and resets the PVWM generator. U7
and the BJT(Q4) form a non-inverting low-input current
amplifier with hysterysis. The BJT E-B voltage acts as a

reference voltage for the PYWM ramp generator. R23 plus current is modulated by the conduction of the FHR1200 BJT. The
R25 farm a current source to charge C10 during off time. conduction of the FHR1200 BJT is controlled during the during off time
Resistor R22 and R21 act as a voltage divider for the via the output voltage feedback resistors R22, R21.

output voltage. The output reference voltage is the sum of
the zener voltage and the BJT E-B voltage. Together
they form a temperature stable ~7 4valt reference. UB
isolates the output from the voltage regulation loop to aid
regulation.

Solutions for Your Success™ 71 www. fairchildsemi.com

Figure 34. Energy Capacitor Charger Circuit Operation Description
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Application #4: Voltage Regulator & Ref \ Initial Check

1. SetTest DVM to "ohms" on the 10K scale. Place the

C2 100nF 100V D red probe to Pin "D" and the black to pin "E".
: ' @ Vout 2. Measure the resistance. The resistance should be
é R3 OPTO 2 =>10K ohms.
1K Alternate OPTO ) .
FOD817D R7 3. Verify that the FHR1200 U1 is installed correctly
b ® ] Ay i) using the procedure for the Adapter hoards.
~~~~~~~~~~ “OR” 4. Carefully check that all the components are properly
ool A 4 — VA ™ g installed and soldered.
HI1AGTVM I C4 i
(low power) » L8 U Function Check
A B RS C1 1. Connect the positive terminal of a 22 volt supply to
in of the Application. Connect the negative
Pin"D" of the Applicati Ci h i
Gnd — ] 475K 10nF terminal to pin "E". Turn on the power supply. The
= o = current should be <1.5mA.
8 2 “OR” 2. Increase the power supply voltage to around 24
4 volts. The power supply current should be =2.2mA.
1 4 2] e R2 3. Measure the resistance of "pin "fb" to pin "B". It
J_ 5 should be = 400 ohms with the power supply voltage
FHR1200 R FHR1200 at around 24volts or so.
1 M saie 8
u1 4l U2 iG d 4. Turn off the power supply.
n v 5 =
Use if Ground Referenced Use if 431 Conﬁgl_,red/_}7 NOTE: Excitation of the OPTO can be checked using a

DVM on the resistance scale from"fb" to "B". At 24
[ volts "D" to "E" and approximately 2.2méA, the OPTO
NOTE: As originally built, OPTO 2, R7, C4, U2 are not supposed to be will measure around 370 ohms. At below 0.5mA D"
soldered to the application module. R4=15K, R1=82 5K, R2=46.4K to "E", the OPTO, "fb" to "B", will be =10K ohms.
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Figure 35. Voltage Regulator Circuit Checkout
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Application #5: Low-voltage Aux Reg \ Initial Check
1. Set Test DVM to "ohms" on the 10K scale. Place the
0.1uF 100V F red probe to Pin "F" and the black to pin "H".
| v—(©) 22-26volts ; :
2. Measure the resistance. The resistance should be
cs R9 Use R12 to minimize Q2 Diss =10K ohms.
12.7K o0 3. Verify that the FHR1200 U3 is installed correctly
R12 using the procedure for the Adapter boards.
?e: 4. Carefully check that all the components are properly
2510 installed and soldered.
FHR1200 (U3) Function Check
(Q2,D1) 1. Connect the positive terminal of a 22 volt supply to
3 Q2 SC.70-6 Pin “F" of the Application. Connect the negative
D1 terminal to pin "H". Do not solder anything in the pad
4 ® Vout 3.3volts BIES
R8 .G 30mA 2. Turn on the power supply. The current should be
4.64K H Rload ~ 31mA. Set the test DVM to “volts DC". Measure
R15 the voltage of "pin "G" ta pin "H". It should be
[ (Test Only) ~3.3volts.
77 Gnd : :902'"" 3. Increase the power supply voltage to 26volts. The
- power supply current should increase to ~ 32mA.
SMALLBIAS:SUPPLY:<8.voits 4. Measure the voltage of "pin "G" to pin"H". It should
o ; . he ~ 3.3volts.
NOTE: As originally built, D2 is not supposed to be soldered to the
application module. R12 or D2 is used to limit the FHR 1200 dissipation.
Solutions for Your Success™ 73 www. fairchildsemi.com

Figure 36. 3.3 V Low-Voltage Regulator Checkout
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Application #6: Vcc or Brown-out Regulator \

_n 0.1uF 100v Initial Check
Vin @— 1
c7 '—l—= 1. Set Test DVM to "ohms" on the 10K scale. Place the
e = red probe to Pin 1" and the black to pin "J".
ohm
100K R30 2. Measure the resistance. The resistance should be
R10 1210 >10K ohrns.

3. Verify that the FHR1200 U4 is installed correctly
using the procedure for the Adapter boards.

4. Carefully check that all the components are properly
installed and soldered.

Function Check

1. Connect the positive terminal of a 16 volt supply to
Pin "I" of the Application. Connect the negative
terminal to pin "J". Do not solder anything in the pad

holes.
R19
U4 750K 2. Turn on the power supply. The current should be
FHR1200 <1mA. Set the test DVM to "volts DC". Measure the

41 @Gnd voltage of "pin "K" to pin "J". It should be ~12volts.
J

JR

NOTE: As originally built, R17, C6 are not supposed to be soldered to
the application module. R17 and C86 are used for regulator
compensation if needed.
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Figure 37. Vcc or Brownout Regulator Circuit Checkout
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7. Device Characteristic Data

The following section provides characterization data on the FHR1200. Please note that
the data was selected to help designers with applications. It is not a complete set of
possible curves or tables on the device. If other data is required, please feel free to ask an
FAE or sales representative.

The temperature coefficient of the reference can
be calculated if a few things are known:

1. Vrefreading at 25C given a particular current (Ibias)

I

1

2. The difference between the maximum and minimum values !
of Vref over the temperature range of interest (Vref (dev). !
Ibias remains constant over the full temp range. :

1

T

TEMPERATURE
VREF(dev) :
—ror| ©108  (Tp): Ambient Temperature
ppm Vrer (Ta=25°C)
TCVREFKT )= e VRer(dev): Vger deviation over full temperature range

where AT is the rated operating free-air temperature range of the device.
TCVRger can be positive or negative, depending on whether minimum Vgee or maximum Vger, respectively, occurs at
the lower temperature.

Figure 38. Calculating the FHR1200 Reference Temperature Coefficient
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Reference Temp Stability

Vref 431: Temp Stability Output Tempco:

Looking at the graph to the left, the reference
Reference Voltage vs. Ambient Temperature voltage will change from ~7.34 volts to 7.46 volts
over the temperature range of -40 to 125C and
200uA. Vref (25C)= 7.39 volts.

= ((7.46-7.34)/7.39)/165 =

|t Reference Tempco: 90 ppm/C

L] | NOTE: At 200uA, the maximum value of Vref
74 =T —lec=10pA occurs at 125C and the minimum value occurs at
JE ——lcc=20pA -40C.

— lec=50pA S o o o o o s o

e ==tlocc?00iA If Ibias = S0uA; (max value at 90C)

——lec=1mA
7 . =((7.36 — 7.305) / 7.34) / 165 =
7.0 Reference Tempco: 45.4 ppm/C

69 NOTE: There will also be an error due to the ref
60 40 20 0 20 40 60 80 100 120 140 160 input current variation over temperature.

I '1’\
A
\
|
|
J
f

Reference Voltage, Vrer (V)
~
w

Ambient Temperature, Ta ('C) : 5
Icc is the same as zener current in

the Vref431 config
Figure 39. LM431 Configured Reference Temperature Stability
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Vref Characterization: Grd’d Configuration

Reference Voltage vs Amblent Temperature
IF00 valuo N, 130yA) Test Circuit with BATS4

230 S

7.40 - Ibi
: e L | Adding a BAT54 tz] 1

730 o - : : s
; N N schottky diode in RS 1 .

»20 = R 3 . T ¢ L we
: m | | == || geries with R4 4 Ter
| X - sl _lref: Qi1

e improves the v T = :'

g e
temperature stability -
e w0 20 o 20 0 s s 108 1 1s0 18 ¢—
Aot enpaairs, 3061 of the regulator or T
f h ——
Reference Voltage vs Amblent Temperature rererernce wier =
(Fixed value R4, 1,*25A) operatmg over a

:j: T Wlde temperatu_re Normal Test Cll’Clllt

e range o=
o= :::,::« Nl =N 2C. o lbicls
g 730 . J}‘T —e—teea200uAlBATSS) s

725 RN — i lc=1mA[BATSS) R3 3
E e W e N %1 L Vet
S Cu

710 o sl 'h—ll/m

b Vee— r’ S I\:

Ambient Temparaturs, TA["C]
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Figure 40. Vger; 10 pA, 25 pA Iz Temperature Stability: Grounded Configuration
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FAIRCHILD . . Y . .
== 2
mememmnen  Vref Characterization: Grd’d Configuration
Voltage vs
ey e ko) Test Circuit with BATS4
- - — Icc —>
o — <. ¥
= af T
N S '
= ) e e | s | |ime Ve
£ — = tectma . PR Cu
710 Veo= r’ A rnmzool\:
705 Vbe R4
Tde) 4B 4 © ou e W ! Ao am ks s ‘—Jm
Ambient Temperature, Ta["C] l
R S

Reference Voltage vs Ambient Temperature =
(Fixed value R4, I;760uA) - -
Normal Test Circuit
7.50 T E
7.a5 p— ==
B = I
S 7o "!"__,_._ S 3 o = —= ok ry
& e : ias
] 7.3s il w i £ iz
e < S I
7.25 — M ccmimaieaTs) R3 — e
720 - A - 1e==200uA Cn
NT o1 - Vre
g e - - iemama 4 * _':c
730 e st “’—Dl/qt t
w= PO M
.00 TEWZRa
-s0 -40 -20 © 20 40 60 =0 100 120 140 160 l
Ambient Temperature, TA["C] -~ ad
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Figure 41. Vger; 40 pA, 60 pA Iz Temperature Stability: Grounded Configuration
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Vbe Characterization: Grd’d Configuration

Base-Emitter Voltage vs. Ambient Temperature

(Fixed.valueRA;1;~10UA) Test Circuit with BAT54

os ‘l‘: Icc —>
o8

: - . Ibias
p sy Adding a BAT54 i il

i g o o 3

= e | schottky diode in R ;
E iaS iF - o Cny D1 —te  VrEf
i 5 T i series with R4 4 Te.
~> 2 - s| ""_—I.KM

& improves the Ve VL" (™ [zl
01 i e
s temperature stability R4

T P RECED of the regulator or !

: D%
reference when ¥
Base-Emitter Voltage vs. Ambient Temperature operating over a Wlde =
(Fixed value R4, I,~25uA) N or
emperature range. 5 3
P & Normal Test Circuit

os ‘ Icc —> _
07 R =
i ="y N
06 T ™
F s e (cem200uA(BATS] s
0S5 = -
2 s N;\: — B iccmima(BATSS) R3: 3]
e o & imoua Cn *3‘ e Vref
i b ~Nun_ N A - Te
@ A - \’ s sl lh—ll/m .
o1 Vee— |" > ™
TEMP,
00 .I- l R4
-60 40 -20 o 20 a0 60 80 100 120 140 160
Ambient Temperature, Ts [C] L
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Figure 42. Vgg; 10 pA, 25 pA Iz Temperature Stability: Grounded Configuration
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Vbe Characterization: Grd’d Configuration

Base-Emitter Voltage vs. Ambient Temperature

(Fixed value R4, 1,~40pA) Test Circuit with BATS4

0s I Icc —>

os i
§ 07 g.\_ ~g 'zl lblis

=2 T ——— Icc-200uA(BATS ) R3 3

s i CnT vref
T =y t F—m —W—— | cc=1mA(BATSS) NT i o1 - :

oa

-y - =as - lece200uA Cu
g 03 B e W | - - icceama - £ W—ll/m
3 rE ] Veo=, r’ A FHR1200 | Y
S

02 ~ 7
LES R4
oa —
-60 0 -20 0O 20 40 60 80 100 120 140 160 ‘102
Ambie nt Temperature, Ts [C]
S—

Base-Emitter Voltage vs. Ambient Temperature

(Fixed value R4, 1;~60LA) Normal Test Circuit

o= I
= = Icc —> —
: jﬁ; Ibias
8 :: B i oo ey 'll l
g 55 e o Icc-200ua(RATSS) s
- ey — = icc-amA(eATSS) R3 3
- e ITF ] L w
; W g ieaima o
A [ sl "’—bl/m
oz = £ r' ™
o Vee—=— >
TEMFD> ¥
oo 4
O S R W . O . S P l )
Ambient Temperature, Ta [C] L
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Figure 43. Vgg; 40 pA, 60 A Iz Temperature Stability: Grounded Configuration
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Table 8. Vggr Temp Stability vs. I -55°C to +150°C: Grounded Configuration

Iz{uA)= 10 10 25 25 40 40 &0 60
Fixed R4 value lec(uA)= 200 1000 200 1000 200 1000 200 1000
R3KQ)= 499 439 439 49.9 499 439
Ra(KQ)= 233 87 16.4 143 9.53 107
Tempco -146.2 -114.5 -84.1 378 -291 108
lz(uA)= 10 10 25 25 40 40 60 60
Fixed R4 + BATS4 lec(uA)= 200 1000 200 1000 200 1000 200 1000
R3{KQ)= 439 439 439 439 439 499 43.9 439
R(KQ)= 451 726 156 211 9.38 11.19 B 6.98
Tempco -190.4 -2208 -82.1 203 -21 102 211 80.7

Table 9. Vger Temperature Stability vs. I; -40°C to +125°C: Grounded Configuration

Iz(uA)= 10 10 25 25 40 40 60 60
Fixed R4 value lec{uA)= 200 1000 200 1000 200 1000 200 1000
R3{KQ)= 49.9 49.9 499 499 49.9 499
R4(KQ)= 233 287 16.4 14.3 953 10.7
Tempco -88.3 -58.1 254 7.6 206 489
Iz(u&)= 10 10 25 25 40 40 60 60
Fixed R4 + BATS4 lec{uA)= 200 1000 200 1000 200 1000 200 1000
R3{KQ)= 499 49.9 49.9 49.9 49.9 49.9 49.9 49.9
R4{KQ)= 45.1 72.6 156 211 9.38 11.19 6 6.98
Tempco -255.9 -172.1 -38.1 -20.3 137 39.5 47.7 72.8
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SEMICONDUCTOR®
BJT: hfe Graph Ref Input Current:
We have decided to operate the regulator at
DC Current Gain (V¢=5V) 250uA. We will allow SOuA for the divider

and 200uA for the regulator. The operating
temperature range was set to -40 to 125C.

Looking at the graph to the left, the minimum
hfe occurs at -40C: ~160.

5_ =lipa0x Since the collector current is 200uA, the base
'.E “B-TR125C | current is therefore: 1.26uA
2 TA=100<C :
@ - The maximum hfe occurs at 100C: ~360 and
= 4 TAEB5'C i
S the base current is: 0.556uA
e B TAE25°C
S B)-( s'ett.ing the ('iivider current to S0uA, this
e minimizes the influence of temperature on the
; divider error due to base current. On average,
B | | | | | the ref input current is approximately 0.77uA
0.001 001 01 1 10 100 at 25C.

Collector Current, Ic [mAJAxis Title

Figure 44. BJT hfe Variation Over Temperature

je——————————
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How Low a Current Can it Operate?)

Zener Voltage Versus Applied Current Over Temperature Answer:

The data indicates that the
|~ part is still usable down to
VZ 2uA of bias current.
However, the change in
reference break-over voltage

must be accounted for in the

e calculations.
TA=100°C

TA-85C
B e The data clearly shows

TA-40°C operation above 6.3 volts at
-~ esdiane || 9 A for all temperatures.
NOTE: While operation at

53 2uA is possible, the
impedances will be very high
and will need to be

£ accounted for to ensure

0 20 40 60 80 100 120 140 160 180 200 B
Zaner Current, k [wA] proper regulation.

6.8

o
w

Zener Voltage, Vz[V]

)
®

Figure 45. Zener Voltage vs. Iz vs. Temperature
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ey How is Zener Tempco Affected Temperature?)

SEMICONDUCTOR™

Typical Temperature Coefficient as function of working current

40
TA=~55°C to 150°C

35

S_ [mV/°C)

0.01 0.1 1 10 100
Zener Current, IZ [mA]

The data indicates that the part is still
usable down below 10uA but the
tempco changes quite a bit below
200uA or so. This is fortunate since
the tempco of a BIT B-E junction tends
to be around -2.2mV/C over a
moderate range of current.

To produce a temperature stable
reference, the reference voltage should
not vary over temperature. A quick
look at the graph indicates that the best
zener tempco is around 20 to 60uA.

NOTE: This data indicates that while
operation at 2uA is possible, the overall
tempco of the reference may not be
very good. However, it may still be
adequate for many applications.

Figure 46. Zener Temperature Coefficient Change Over Temperature

anoHiLD FHR1200: Small Signal Responce

SEMICONDUCTOR"™

Small-Signal Voltage Amplification
(Ibias=10mA)

w
S

8

N
\'\
e s

Vin=10mV
pk-pk

w
5]

-
5

Voltage Amplificat on (db)
9
o

1 10 100 1000 10000 100000

Frequency [KHz]

Vbias

3
FHR1200 r 1

Figure 47. FHR1200 Small-Signal Response
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8. Revision History

Rev. Date Description

1.0.0 February 2014 |Initial Release

WARNING AND DISCLAIMER

Replace components on the Evaluation Board only with those parts shown on the parts list (or Bill of Materials) in the Users’ Guide. Contact an
authorized Fairchild representative with any questions.

This board is intended to be used by certified professionals, in a lab environment, following proper safety procedures. Use at your own risk. The
Evaluation board (or kit) is for demonstration purposes only and neither the Board nor this User's Guide constitute a sales contract or create any kind
of warranty, whether express or implied, as to the applications or products involved. Fairchild warrantees that its products meet Fairchild’s published
specifications, but does not guarantee that its products work in any specific application. Fairchild reserves the right to make changes without notice to
any products described herein to improve reliability, function, or design. Either the applicable sales contract signed by Fairchild and Buyer or, if no
contract exists, Fairchild’s standard Terms and Conditions on the back of Fairchild invoices, govern the terms of sale of the products described herein.

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO
IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR
USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR
THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems which, (a) 2. A critical component is any component of a life support device or
are intended for surgical implant into the body, or (b) support or system whose failure to perform can be reasonably expected to
sustain life, or (c) whose failure to perform when properly used in cause the failure of the life support device or system, or to affect its
accordance with instructions for use provided in the labeling, can be safety or effectiveness.

reasonably expected to result in significant injury to the user.

ANTI-COUNTERFEITING POLICY

Fairchild Semiconductor Corporation's Anti-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our external website,
www.fairchildsemi.com, under Sales Support.

Counterfeiting of semiconductor parts is a growing problem in the industry. All manufacturers of semiconductor products are experiencing
counterfeiting of their parts. Customers who inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation,
substandard performance, failed applications, and increased cost of production and manufacturing delays. Fairchild is taking strong measures to
protect ourselves and our customers from the proliferation of counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts
either directly from Fairchild or from Authorized Fairchild Distributors who are listed by country on our web page cited above. Products customers buy
either from Fairchild directly or from Authorized Fairchild Distributors are genuine parts, have full traceability, meet Fairchild's quality standards for
handling and storage and provide access to Fairchild's full range of up-to-date technical and product information. Fairchild and our Authorized
Distributors will stand behind all warranties and will appropriately address any warranty issues that may arise. Fairchild will not provide any warranty
coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this global problem and encourage our
customers to do their part in stopping this practice by buying direct or from authorized distributors.

EXPORT COMPLIANCE STATEMENT
These commodities, technology, or software were exported from the United States in accordance with the Export Administration Regulations for the
ultimate destination listed on the commercial invoice. Diversion contrary to U.S. law is prohibited.

U.S. origin products and products made with U.S. origin technology are subject to U.S Re-export laws. In the event of re-export, the user will be
responsible to ensure the appropriate U.S. export regulations are followed.
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