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ZETEX

ZXREO060

0.6V adjustable precision shunt regulator - Target specification

PIN CONNECTIONS
ZXRE060_H5 (SC70-5) and ZXRE060_ET5 (TSOT23-5)

Description

The ZXREO060 is a 5-terminal adjustable shunt regulator
offering excellent temperature stability and output
handling capability up to 20mA. The ZXRE060 simplifies
the design of isolated low voltage DC-DC regulators. With
its low 0.6V FB pin, it can control the regulation of rails as
low 0.6V. This makes it ideal for state of the art
microprocessor/DSP and PLD core voltage POL
converters.

The device open-collector output can operate from 0.2V to
18V and regulated output voltage can be set by selection
of two external divider resistors.

Separating the input from the open collector output
enables the ZXREO60 to be used to make low-cost low
drop-out regulators operating at low input voltages.

The ZXREO060 is available in two grades with initial IN 3 4| FB
tolerances of 0.5% and 1% for the A and standard grades
respectively. It is available in space saving low profile 5-
pin SC70 and Thin SOT23 packages.

The ZXREO060 in TSOT23-5 has its OUT, GND and FB
pins matching the Cathode, Anode and reference pins of
the TL432 and TLV431 in SOT23-3, thereby facilitating
simple upgrade paths.

Features

. Low reference voltage (Ves = 0.6V)
. -40 to 125°C temperature range
. Reference voltage tolerance at 25°C
o 0.5% ZXREO60A
o 1% ZXRE060
e  Typical temperature drift
0 <4mV (0°Cto 70°C)
0 <6 mV (-40°C to 85°C)
0 <12mV (-40°C to 125°C)
0.2V to 18V open-collector output
. High power supply rejection
o0  (>45dB at 300kHz)
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Top view

TYPICAL OPERATING CIRCUIT

Input 1

ZXRE060 1

Output

Applications FB
GND PGND

I

Isolated DC-DC converters

Core voltage POL

Low Voltage Low-Dropout linear regulators
Shunt regulators

Adjustable voltage reference

Ordering Information

Tol ORDER CODE PACK PART MARK REEL SIZE TAPE WIDTH QUANTITY/ REEL

ZXREOGOAETS5TA TSOT23-5 S6A 77, 180mm 8mm 3000
0.5%

ZXREOG60AHS5TA SC70-5 S6A 77, 180mm 8mm 3000
ZXREOGOET5TA TSOT23-5 S06 77, 180mm 8mm 3000

1%
ZXREOB60H5TA SC70-5 S06 7", 180mm 8mm 3000
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ABSOLUTE MAXIMUM RATINGS

IN Voltage (Vin) TEIALIVE 10 GND .....c.ccvcviiiiitiiiieteieetit ettt ettt ettt ettt e e b se st ese e b esesbese et benessens 20V
OUT Voltage (Vour) FElatiVe t0 GIND .........coiiiiieiiiieiiiie ettt ettt ettt et eesse e s sbe e e snneeesnneeennes 20V
FB Voltage (Vip) relativVe t0 GIND .......ccouiiiiiiiie itttk e e st bt e e e ab e e e ek b e e e eabb e e e sabeeeaabeeeaebeeesannas 20V
PGND Voltage (Pgnp) relative to GND -0.3V to +0.3V
Operating JUNCLION TEMPEIAUIE (T5) .oeoveeeiiiiieeiiiie e e ettt et et e et e e e e s be e e e enbeeesnneeeas -40 to 150°C
StOrage TEMPEIATUIE (Tisr) «uvveeerurreeaureeaateeeaauteeeaaueeeeaseeeaasbeeeaseeaaasseeeaasbeaeasbeasaasseeaasbneeabbeassnsseassnneeas -55 to 150°C

These are stress ratings only. Operation outside the absolute maximum ratings may cause device failure. Operation at the
absolute maximum rating for extended periods may reduce device reliability.

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions
should be taken when handling and transporting these devices.

PACKAGE THERMAL DATA

Package 03a Pois
Ta =25°C, T;=150°C
SC70-5 400°C/W 310 mW
TSOT23-5 250°C/W 500 mW

RECOMMENDED OPERATING CONDITIONS

Min Max Units
Vin IN Voltage range (0 to 125°C) 2 18
Vin IN Voltage range (-40 to 0°C) 2.2 18 \%
Vour OUT Voltage range 0.2 18
lout OUT pin current 0.3 15 mA
Ta Operating ambient temperature range -40 125 °C

PIN DESCRIPTION

ZETEX

ZXREO060

PIN NAME | FUNCTION
1 PGND | Power Ground: Ground return for emitter of output transistor: Connect PGND and GND
together.
2 GND Analog Ground: Ground return for reference and amplifier; Connect GND and PGND
together.
3 IN Supply Input. Connect a 0.1uF ceramic capacitor close to the device from IN to GND.
4 FB Feedback Input. Regulates to 600mV nominal.
5 ouT Output. Connect a capacitor close to device between OUT and GND. See the
Applications Information section.
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FUNCTIONAL DIAGRAM

IN ouT

FB W N
~600mV
V4
' 4
Vref
3 .
GND PGND

DESCRIPTION

The ZXREO060 differs from most other shunt regulators in that it has separate input and output pins and a low
voltage reference. This enables it to regulate rails down to 600mV and makes the part ideal for isolated power
supply applications that use opto-couplers in the feedback loop and where the open-collector output is required
to operate down to voltages as low as 200mV.

The wide input voltage range of 2V to 18V and output voltage range of 0.2V to 18V enables the ZXREO060 to be
powered from an auxiliary rail, while controlling a master rail which is above the auxiliary rail voltage, or below
the minimum V) voltage. This allows it to operate as a low-dropout voltage regulator for
microprocessor/DSP/PLD cores.

As with other shunt regulators (and shunt references), the ZXRE060 compares its internal amplifier FB pin to a
high accuracy internal reference; if FB is below the reference then OUT turns off, but if FB is above the
reference then OUT sinks current — up to a maximum of 15mA.
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ELECTRICAL CHARACTERISTICS

Electrical characteristics over operating conditions

A Product Line of

Diodes Incorporated

Ta =25°C, V|y = 3.3V, Vour = Vgg, loutr = BMA unless otherwise stated (Note 1).

ZETEX

ZXREO060

Symbol |[Parameter Conditions Min Typ Max Units
ZXREO60A 0.597 0.6 0.603
ZXRE060 0.594 0.6 0.606
. . ZXRE060A 0.595 0.605
Ta=0"C1085°C ZXREO060 0.592 0.608
Ves Feedback ZXREO60A 0.594 0.606 Vv
voltage Ta =-40°C to 85°C
ZXREO060 0.591 0.609
ZXREO60A 0.593 0.607
Ta=-40°C to 125°C
ZXREO060 0.590 0.610
Feedback pin _ 3.8 6
FBLomd | |54 regulation lour = 1 to 15mA Ta =-40 to 125°C 10 mv
FB Feedback pin line |Vin=2V to 18V 0.1 1 mv
UNE | regulation Vin= 2.2V to 18V Ta =-40to 125°C 15
FBovr Output voltage ?gi:flg{iv 0 18v. L mvV
regulation (Ref. Figure 1) Ta=-40to 125°C 15
FB input bias _ -45
les current Vin =18V Th=-4010 125°C_| -200 0 nA
\1/z|3Nv= 2Vio 0.35 0.7
lout mA
Vin=22V10POSMAIL o 1osec 1
18v AT
Iin Input current
\1/z|3Nv_ 2Vito 0.48 1
lout mA
Vin=22V10FOMA I o 1osec 15
18V AT '
lourg | OUT leakage x'g; :181\2/3'\/ 0.1 A
current Veg =0V Ta=125°C 1
z Dynamic Output lout = 1to 156mA 0.25 0.4 0
ouT Impedance f < 1kHz Ta = -40 t0125°C 0.6
Power supply f=300kHz
PSRR rejection ratio Vac= 0.3Vpp >45 dB
BW émp“f'er Unity Gain | pet. Fig 2 600 KHz
requency
G Amplifier 5000 mAN
Transconductance

Note 1: Production testing of the device is performed at 25 °C. Functional operation of the device and parameters specified over the

operating temperature range are guaranteed by design, characterisation and process control.
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Output

=600mV x (R1+R2)
——
(For V=0)

IN ouT

C1

.||_|

ZXREO060

'HF-

c2
R1

FB

GND PGND

R2

Voltage source

Figure 1 General dc test circuit
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Typical characteristics
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Typical ac characteristics (continued)
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Frequency and phase characteristic for Vour = 6V

Frequency and phase characteristic for Vour = 0.6V

5.6V
VOUT=0.6V
VIN=3.3V Test circuit 1k r Test
ﬁ IN ouT
Signal
— OWF —_L—2'2UF 1 ‘ | 1 Generator
L Rout=50k
GND FB
PGND
Reference
1V
VOUT=6V
VIN=3.3V Test circuit 1k ‘ > Test
IN ouT
Signal
01 0.22uF 4 ‘ | 1 Generator
__l__ Rout=50k
PGND 90.1k
10k Reference

Figure 2 Test circuits for gain and phase plots
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APPLICATIONS INFORMATION

The following show some typical application examples for the ZXREOGO. It is recommended to include the
compensation capacitor C2 to guarantee stability. C2 may range in value from 0.1uF to 10uF depending on the
application and the environment.

Both C1 and C2 should be as close to the ZXREO60 as possible and connected to it with the shortest possible
track. In the case of and, it means the opto-coupler will have to be carefully positioned to enable this.

R3 | I
VinC les 'R3 ] lour ) Vout Vin G ——— OUTJVout
| Tk |
KA
ZXREQ60 | ZXRE0B0
3 5] e, [ R1
C1 N +—3in |-_I 10k
== FB o
T Jo = %
0.1uF| 2l OAuFl o o C2|047yF
PGND) 1 —:l_—oci . PGND) 1 15k
GﬁD GﬁD G_ﬁD GﬁD
Figure 3 0.6V shunt regulator Figure 4 1.0V shunt regulator
R1
Vour =Veer Vour =Veer (1+@)
R3 VIN _VOUT
IR3
Qf lo Veor Q o veut
Ve X TN25020CF T 7Vout T ZXTN25020CFH N 2 o
R3 | le R3  Igs lo
in O 15 Vinc 1 []R1
e I 1k zxrEso ] ' 10k
1k ZXRE%%C% b ouT c2
3 i' | 3N l-il g
/N o [0-47uA
FB| ——C1 U1
=—C1 U1 S 0.14F . 4
0.1uF 5 ' GND R2
GND i PGND| 1 15k
PGNDJ 1
_ | 0.47uF
— — GND GRD
GND GND Figure 6 1.0V series LDO regulator
Figure 5 0.6V series LDO regulator
VOUT =VREF [ le
Vour =Viee |1+ —=
ouT REF R2

Design guides
1. Determine loyt and choose a suitable transistor taking power dissipation into consideration.
2. Determine Iz from L= lout maxy

? (hFE(min) +1

3. Determine Igs from | > + e The design of the ZXREOQ60 effectively means there is no

Ikaminy limitation as in conventional references. There is only an output leakage current which

is a maximum of 1puA. Nevertheless, it is necessary to determine an lxamin) t0 ensure that the

device operates within its linear range at all times. lxamin) 2 10pA should be adequate for this.
4. Determine R3 from o _ Viv = Vour +Vee) .

IR3

5. Although unlikely to be a problem, ensure that Iz; < 15 mA.
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R3_ lrs lour

VinC { I " O Vout
IR |
R4 c
lg []R1
ZXRE060 Rt Lhok
ouT R1
3 IN '_i' VOUT :VREF (l“' Ej
—c1 | Ut ‘43 (Voyr 20.2V +V,.)
L7 GND ==C2 [ R2 R3 = Vin =Vour
PGND| 1 15k Irs
0.47pF
GND GND

Figure 7 - 1V Current-boosted shunt regulator
Design guides

1. Determine loyt and choose a suitable transistor taking power dissipation into consideration.
2. Determine lg from | _ lourmay

8 (hFE(mln) +1)
3. Determine Irz from |

R3 — IOUT(max)
Determine R3 from o5 _ Vv ~Vour
IR3
5. ltis best to let the ZXREO060 supply as much current as it can before bringing Q1 into
conduction. Not only does this minimise the strain on Q1, it also guarantees the most stable
operation. Choose a nominal value between 10mA and <15mA for this current, Ig,.
6. Calculate R4 from , _Vee

IR4

Monitored supply Vm

Vin
LED1 i . [T]mk Vout goes low and LED is lit when monitored supply
. R1
ZXREOBO ) Vout VM > VREF (1+ Ej
ouT .
3
L. |--I R3 _ Vi — (Ve +0.2)
—=—C1 U1 ‘B - |
0.1uF 4 R3
2 GND []R2 15mA > IR3 < IF(MAX)
11k
PGND| 1
Ve and I are forward voltage drop and current of
1 1 LED1 respectively.

GND GND
Figure 8 — 1.15V over-voltage indicator
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R3 | U2
R3 Irs 22 VinC —1 R ) To controller
Vin & 1 2 O To controller g — ; 7
i * ” E O To controller Tk * E——(; To controller
O Regulated supply (Vout)
—O Regulated supply (Vout) ZXRE060
ouT[, R1
3
o1 1 N |--F|B 10k
0AWF[ vt A4 2
Al 26ND == R2
1 | 0.47uF PGND| 1 0.47pF Lhsk
Figure 9 — Opto-isolated 0.6V shunt regulator  gjqyre 10 - Opto-isolated 1.0V shunt regulator
R1
Vour =Vrer Vour =Vger (1"' @j

R3 = Vin — (VF + 0-2)
s
15mA > IR3 < IF(MAX)

Ve and I are forward voltage drop and current for the opto-coupler LED respectively.

More applications information can be found in the following publications which can be found on Diodes’ web
site.

AN57 - Designing with Diodes’ References — Shunt Regulation

ANS58 - Designing with Diodes’ References — Series Regulation

ANS9 - Designing with Diodes’ References — Fixed Regulators and Opto-Isolation
ANGO - Designing with Diodes’ References — Extending the operating voltage range
ANG61 - Designing with Diodes’ References — Other Applications

ANG62 - Designing with Diodes’ References — ZXRE060 Low Voltage Regulator

IMPORTANT NOTICE
Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other
changes without further notice to any product herein. Diodes Incorporated does not assume any liability arising out of the application or use
of any product described herein; neither does it convey any license under its patent rights, nor the rights of others. The user of products in
such applications shall assume all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are
represented on our website, harmless against all damages. Diodes Incorporated does not warrant or accept any liability whatsoever in
respect of any parts purchased through unauthorized sales channels.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the
express written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:
A. Life support devices or systems are devices or systems which:

1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the

labeling can be reasonably expected to result in significant injury to the user.
B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause
the failure of the life support device or to affect its safety or effectiveness.
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