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TOSHIBA-

TA7089P _

ELECTRONIC 02

DE

BIPOLAR LINEAR INTEGRATED CIRCUIT
SILICON MONOLITHIC

GENERAL PURPOSE VOLTAGE REGULATOR.

. Low Output Impedance
. High Ripple Rejection : RR=48dB(Typ.)

. Build in Current Limitting Circuit

. Low Drop Out Voltage

. High Output Current

: Zo =40mQ (Typ.)

: |VIN"VOUT |=l .8V
IoyT=200mA (Max.)

. Output Current Up to 5A Can be Supplied by

Connecting External Transistor.
. The TA7089P is Easily Mounted on a Printed
Circuit Board, and is Provided with 14 Pin

Output, 7 Pin GND and 1 Pin Input for

Application as a Power Supply for Digital IC.

MAXIMUM RATINGS

- T-58-1t-23
Unit in mm
14 13 12 11 10 9 8
b rh chooh ohoed
l b
<
. . .—£ 3
RO 2
= pag s gy =s pasy oo
T 2 5 £ 5 6 7
5 199 MAX 762+02
= |
0.2 MAX zZ| g0
a QLMAX, 8
@ EE
| g AN
[ ] "
Ei
) “ozsass
= T
g 144015
9 054015 7.62~88Q]

2541025

Lead pitch is 254 and tolerance is
+025 against theoretical center of
each lead that is obtained on the
bagieg of No,1 and No.,l4 leads,

JEDEC -
CHARACTERISTIC SYMBOL RATING | UNIT || rosniBa s—21D
Input Voltage VIN 35 \'
Terminal Voltage 8 v8 7 \'4
Output Current IoyT -200 mA
Power Dissipation Pp 600 mW
Operating Temperature Topr -30~75 °C
Storage Temperature Tstg -55~125 °C
e 0
PIN CONNECTION § =t 25 .. Em
£ E£3 23 98 =2
TOP VIEW 2 Ba 2 2 BR ES Ba
14 13 12 11 10 9 8
M M MMM M
) Vref
—
T 31O I J
1 2 3 4 5 6 7
E 2 2 g2 2 2 &
% S
a
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- -S3-11-23
| ELECTRICAL CHARACTERISTICS (Ta=25°C)
| TEST
CHARACTERISTIC SYMBOL CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
| CUIT
} Input Voltage VIN 1 - 7 - 35 v
output Volt v 1 | 7<VIN<3SV 3.3 o 33| v
(] .
utpu age OuT TouT=50mA
Drop Output Voltage 1vin-Vourl| 1 |Rsc=0, Iour=200mA | 2.0 | 1.8 | - v
Reference, Voltage Vyef 1 | 7<Vin<35V 2.7 | 3.0| 3.3 \
IoyT=0mA
Bias Current Ip 1 7<VIN <35V 1.5 3 6 mA
Voyr=0mA
Ripple Rejection RR o | VINC14V, f=lkHz 401 48| - | aB
Vour=10V, Igyr=50mA
Output Voltage Temperature _ _ _ 90
Coefficient TCvo 1 10.02 xlec
Output Current I0UT 1 - - - -200 mA
Output Impedance Zs 3 VIN-14V, f=lkHz - 40| 150 | mQ
VouT=10V, IpyT=50mA
I =50mA
Input Regulation Reg-:line 1 ouT - - 300 | mV
15 <VIN <35V
Load Regulation Reg-load 1 VIN=15v - - 60| mV
50 <IpyT <200mA
—541—
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EQUIVALENT CIRCUIT

51 14) OUTPUT

INPUT @ ,
@ QURRENT LIMLT (+)
Qg
& S @ CURRENT LIMIT(—)
;s

@ FREQUENCY
COMPENSATION
Q9

Q

D
2Dy

o0
&3
Q4 Q5\l g) OUTPUT SENSE

w3
m —
il 7) GND

STANDARD APPLICATION CIRCUIT (10v, -100mA)

D
_ ¢
VII:P;TI;VM:—— - 2 asc.4.zﬂ(1/4w) OUTPUT
( N wy - 10V (100mA)
TA7089P = gs}/
o— 2

Q1 4P (35WV)
@

. )

ol llFH(SSWV)

lOﬂFl('SSWV)

7 ? i
& 3
a, ~
o G
A
sT 3
GNDo—— ‘ O GND

Note : IC Protecting Diode

When the surge voltage is applied to the IC output or when VIN+ becomes more
than VOUT+(CIN Vour) at times of power ON or OFF.
It is required to cannot high speed diodes between input and output terminals.
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STANDARD PRINT BOARD

PATTERN

OUTPUT

5 S5mm \

6 O mm

o] =

TEST CIRCUIT
1. VN, VouT, 1Vin-Vour!, IouT, IB, Vref, Reg-line, Reg-load, TCyo

Rsg Loyr

o—!

TA7089P :9)———
(s)
NS

§--L nc:\z:’
T 1]

R1+R
= —%{5—2 X Vyef

Q1xF

—pt

104F
Ry,

Qe

VIN 7:.1

33kQ

Vout

Ip = Iin-Iour

_ Vour(75°C)-Vour(=30°C) o0
TCvo VouT(25°C) X 105 * 100 (%/°C)
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COAXIAL CABLE

WAl

ey =3Vp_p (£=1kHz) %1 L
A ST % 1.
113}
13 & £ osc
. TA7089P [~ :ql:z +::3
° ® 8T 7+
3
. N/ gl B
iN < Q
(? ’ 2]'
! Ripple Rejection
RR = 20 Zog 10 (£X) (aB)
€o
3 Zg
Voyr=10V oo Rg +C
-

* 106‘111“
]

VIN:{ TA7089P -

it
5

104F

Ry,

(EE) ey

3Vp-p

g
(T) 9 3 (£=1kHz)

Zo Calculation Method

(T)
1000pF
.

QY zF

= _&i .
0 = Rgizo = X
RS>ZO
e
e = 8- 7

Therefore, Zo = 2—: - Rg (@)
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DECISION CHART OF RESISTOR Rj

50 =
=)
Rpy=33kQ ~
bl
~ 40 g
g 5
s
i)
= 30 > //ﬂ
[=)
o v 1) // E
§ Q g$ A/ ﬁ
20 = . L =3
a P QQ/* °©
2 * 2
D
~ Y 74 &
10 A &
A 3
AT E
% 5 10 15 20 25 30
OUTPUT VOLTAGE |Vogrl (V)
Pp MAX — Ta
~ 1000,
=
S
E S
800 ~
& 5
= S
~ 600
£ 2
N
& ~N &
0 NG ]
w400 n o
= 5>
(=]
g 5
E 200 E
' o
E % 25 50 75 100 125 150

AMBIENT TEMPERATURE Ta (C)

—b45—

T-Sg-A23

Ioyr MAX — ViIyn

250
NO HEAT SINK
Ta=75C
200 Voyr=10V
150
100
50
N
—
ol
o 10 15 20 25 30 35
INPUT VOLTAGE Vpy (V)
Vour — Ta
a3
ViN=7V
Igyr=1ma
32
/
1
31 -
I/
30
2.9
2.8
=50 —25 0 25 50 75 100

AMBIENT TEMPERATURE Ta (C)
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TA7089P

Zo — f Vour — IouT
250 | 102
é‘ ] VIN=1ev VIn=18V
—-— ~
E 200 Voyr=10V 2 Vour=10V
K l Ta=25%C & 101 Ta=25C
{ 5
- =
8 150 -
& ¢ 100
% 100 / E e
A )4 g
E 5 a9
K 50 B
i=J
o 5]
. 98
0100 10t 10° 108 104 109 106 0 50 100 150 200 250
FREQUENCY £ (kHz) OUTPUT CURRENT Igyp (mA)
RR — £ — Ioyp MAX — Ta
69 § =o0
= It NO HEAT SINK
Z so S E ViN=1lo0Vv
& \ 5 150 Voyr=5V
hs
Z 40
o
g & 100 V. S
8 8 N
5 30 8
& ViN=1l4V “
b 20 Voyr=10V 5 50
[
Ll Ta=25TC 3
= 3
10 L 1 1 E 0
100 1x 10k 100k 1M  10M 100M 50 —25 0 25 50 75
FREQUENCY £ (Hz) AMBIENT TEMPERATURE Ta (C)
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BLOCK DIAGRAM .

CONTROL
<F CcIRCUIT [—©
5] &
o 2RE |
INPUT S § 0 S LOAD
= ERROR ooan
E"S AMPLIFIER [*— O B RO
| %
METHOD OF USE AND GENERAL PRECAUTIONS
1. Input Voltage Range
The TA7089P can be used at 7~ 35V.
2. Output Voltage Setting
Vour
—0
Vin l;?’
$ LOAD

C?
1L
LL

Q1 up
Iy

—HT

Q1 #P

N N O R. .

GND

Output voltage is set by resistor Rl (See resistor-output voltage characteristic
diagram.) .
- Vref (R1+R2)
1f Vour = —— gy
Where, Vyef=3V
R2=3.3ka
Output voltage is
{ VouT=0.9 x 10-3 x R1+3 (V)

VIN>VouT+2

Output voltage setting range is 3.3~ 33V.
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3. Power Dissipation
Internal power dissipation Pp in IC at normal operation is
Pp=VINn X Ip+(Viy-Your) * IoUT
Where, 1B : Bias Current VIN : Input Voltage
[VOUT : Output Voltage IgyT : Output Current

Power dissipation at output shorted condition.
Pp=(Isc+IB)VIN
Max. Power dissipation Pp MAX. must be as follows :
T3 MAX - Ta
Py MAX. <1 -2 ~°
D Rth

Where, Tj MAX. ; Junction Temperature

Ta 3 Ambient Temperature

Rth s Thermal Resistance

Tj MAX. and R¢h of the TA7089P are .;
Tj MAX. = 125°C

Rth=165°C/W (Free Air)

|

|

|

|

4. Rang of Output Current
Rang of output current is O0~200mA.
When output current is above 200mA, use external transistors.

(See Application circuits.)

5. Control of Output Current
The TA7089P has a build-in output current limitting transistor and is therefore
capable of constant current and fold back current limitting.

The constant current is limited as shown in the following diagrams.

Rgo OVER CURRENT PROTECTIVE
CHARACTERISTICS
14} Q3
1 (70) —0
TA7089P [~ )f
INPUT g . OUTPUT 1
[2ad
g ) [ .
2 (<]
h >
j) Loyt MAX,
o— : —0
Tour =
—548—
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TOSHIBA-

ELECTRONIC

TA7089P

T-Sg- 1\ -a3
Output current is limited at a point where voltage in RSC drops to voltage

between the transistor base and emitter Vpg (about 0.65V at T§=25°C)
= VBE - =950 - .
Rsc = W Where, VBETVBE (TJ—ZS C) - 2x10-3 (TJ—ZS)

6. Phase Compensating Capacitor

—Q

7]
o 1"

Select a capacitor having capacity 0.1#F-1000pF according to the external wiring

O

conditions. Normally, use a capacitor at 1000pF.

7. Output Capacitors
Output capacitors of 10x#F and 0.1«F shall be mounted parallelly.
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DECISION CHART OF RESISTOR Rj

: pi
N | AW

40

Rg=33kQ

g s

> o

[ S
[

- 20 /506

e '

& \a

@ >

& .y}

0 10 20 30
OUTPUT VOLTAGE Vgyr (V)
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BASIC EXAMPLE OF 10#F MOUNTING OF TA7089P ON PRINTED CIRCUIT BOARD

(LOCAL REGULATOR APPLICATION)

PRINTED CIRCUIT BOARD

FILTER CAPACITOR

-+
3

n

ni3—1

—2

3}

ahsfiahe

N

1\
=
] @ = LA
RY

At

11y

it

TA7089P TA7089P
EXTERNAL EXTERNAL
CIRCUIT CIRCUIT
TA7089P L14 13109 8] TA7089P TA7089P
. it +
POWER |
SUPPLY [— —
GND |— b
b o e e e e e e — — — — g — ——— — =
ADVANTAGES

. Mutual effect between raws can be ignored.

. Adjustment is simple as malfunction due to noise is reduced.

. Pattern design is simple as the pin arrangement is 14 pins for output, 7 pins
for GND and 1 pin for input.
. THL. IC, TTL. IC and other supply voltages can be incorporated into a same printed

circuit board.
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APPLICATION (1)

1. Circuit Diagram

Rgc

AA

—O Vour

o)
®

TA7089P

Y
R I

2, Decision of Circuit Constant

0

Qlur

@T &

= VIN -

Rp
~nt
l104F

Circuit specification

. OQutput Voltage VouT=6V
. Max. Output Current IgyT MAX.=50mA
. Output Limitting Current IgCc=70mA

Decision of voltage dividing resistors R] and R2
A resistor of 3.3kQ is used as R2 by considering current balance of a
differential amplifier.
Ry is obtained from the following expression or the resistor Rj set-up table.

_ R1+R2
R2

Vref is in the range of 2.7~3.3V from the specification.

Vout x Vref

When R] is obtained through calculation according to the above, it is
2.7kQ =R1=4.4kQ
Further, 3~4kQ is obtained from the R] set up table.

Therefore, Resistor R] would be 3kQ (fixed) + 1kQ (variable resistor).
Decision of Rgc.

Current limitting resistor RSC value is obtained from the following
expression :
VBE = Rsc*1Isc
Vg : Base to emitter voltage of an internal current limitting -

transistor.,
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A value at T=Tj is applied. )
Assuming that a value of Vpg (at Tj=125°C) is 0.45V, Rgc is 6.40 when Igc=70mA

is substituted.
Decision of Min. Input Voltage
Min. input voltage Vyy MIN. which is required to operate this circuit is

VIn MIN.=Voyr+! VIn-VouT! +VR
. VR : Voltage between Rgg

Where, Vour=6V
1 VIN-VgyTl =2V (from the Electrical characteristic table)

Vr=0.65V
Therfore, VIN MIN.=8.65V

Decision of Rp
Rp is dummy resistor used to flow current constantly in order to operate the

circuit stability.
Required current is approximately 3mA.

Rp = — QUL =1.8k

Calculation of Pp
At the normal condition, max. power dissipation of IC is obtained from the

following expression :

Pp=ViNxIp+(VIN-VOUT) * IoUT
Power dissipation at load shorted condition is obtained from the following
expression

Pp=VIN*Ip+(VIN-VR) x Isc
Designing should be made carefully by calculating power dissipation at time
of load shorted, input voltage and transformers so that Pp MAX. is not

exceeded.

—553—
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_APPLICATION (2) CURRENT BOOST CIRCUIT EXAMPLE

1. CIRCUIT
Rsc
Wy —O Vourt
(1) 14
2 L
o———1 | a3
TA7089P & &
VRipp 10} as S "o
me 3 1
& (s)
v __i N4
IN T3
e b3
g o 3
o
o
Ik

2. Decision of Circuit Constants

Circuit Specification

. Output Voltage Vour SV

. Max. Output Current Ioyt MAX. 1A
. Current Limitting Protection Circuit

. ‘Decision of Voltage Dividing Resistors Rl and R2

differential amplifier.
R} is obtained from the following expression :
Ri+R2

Rz

Vour = Vref

When the resistor R} setting table (2) is used,
Rl = 1.5k0~3kQ
Therefore, R} would be 1.5kQ (fixed) + 2kQ (variable).

. Decision of Rge
VBE = Rgc XIsc

Assuming that

Isc=1l.2A
VBE=0.65V
__VBE _ 0.45V (T4=125°C) _
RSC =7g¢ 1.2 0.4 (Q)
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Rated capacity is
0.65Vx1.2A = 0.78 (W)
Rgc=0.40 (1W)

. Decision of Min. Input Voltage
Obtaind Min. input voltage of the circuit.
VIN MIN = Vout + IVIN ~ VouT] + VBE + VR
VR : Voltage between RgC
when, VoutT,IVIN - Vour!, VBEs VR
expression, Vyy MIN = 5.0 + 2.0 + 0.7 + 0.6
= 8.3 (V)
Further, as the catalog standard is 7V or above,
Viny MIN = 8.3 (V)

. Decision of Rj
Resistor R3 is to be ins;erted for stabilizing the circuit and several mA
would be sufficient.

When the circuit is designed by assuming that current is 5mA.

- VBE _ 0.7V
R3—5 = TS =150 (@)

. Decision of Rp
Resistor Rp is used to apply dummy current and functions to stabilize the
circuit together with R3.

1~10mA is generally accepted. The design is made here at 5mA.
Rp =Your _ 5V _ 1 (k)

Ip 5
Summary
R2 3.3k
R1 1.5k (fixed) + 2kQ (variable)
Rgg - 0.40 (1W)
R3 1500
Rp 1k

Vin MIN. 8.3V
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3. Parastic Oscillation Prevention
To prevent a parastic oscillation, insert a capacitor of about 0.1#F into the
ipput and output sides. It would be effective when the capacitor is insert as

close as to IC terminals.

4. Example of Output Voltage Ripple Value Calculation
Assuming that input ripple voltage is 3 Vp-p AC,
) VIN = 10Vpg + 3Vp-p AC
However, actual mean value of full load input voltage when voltage fluctuation

at the transformer primary side is considered is 12V DC.

I/\[-\/\ 1zv
LN N\ \

INPUT WAVEFORM

ayP—P

Obtain output ripple voltage.
As Reg. in is min. 40(dB) from the standard data table,
(Output ripple voltage) = 30mVp-p AC.

5. Selection of Power Tramsistor

Full Load Input Voltage 12v (AVG)
Output Voltage 5V
Output Current 1A

When Pp MAX. is obtained from the above data, -
Pp MAX (12-5) x1
7 (W)
However, when power dissipation resulted from output short is calculated.
Pp MAX = 12 x1.2 = 14.4 (W)
2SD867 (or equivalent) is selected this time from TOSHIBA SEMICONDUCTOR
HAND BOOK.
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6. Design of Heat Sink

1) Design of power transistor radiation

From the 2SD 867 data table (TOSHIBA SEMICONDUCTOR HAND BOOK)

150-25
Rth(j-c) ———10—0_— 1.25°C/W

Therefore, Rth(j_a)=l.25+1.0+Rth(f)
(It is assumed that Reh(s)+Rth(c)=1.0°C/W)

Pp MAX = 14.4W
Tj MAX = 150°C

Ta=60°C (Including temperature rise in device)

From the above data,

. _ Tj MAX - Ta _ 150-60 _
Reh(j-a) —jiﬁ;jﬂﬁg—f— v el 2°c/W

Accordingly, thermal resistance required for a heat sink is,
Rth(f) = Rth(j-a) = Rth(j-c) = Rth(s) - Rth(c)

6.2 - 1.25 - 1.0

3.95°C/W

When an A€ heat sink is used, size required can be seen as follows from
TOSHIBA SEMICONDUCTOR HAND BOOK :

100mm X 170mm X 2mm
Further, in actual designing it is a general practice to derate Tj MAX

taking reliability into consideration.

2) Design of IC Heat Sinking

Max. power consumed in IC is obtained from the following expression :

_ Igc-VBE(2) /R3 VBE(;L )
Pp MAX = (VIN MAX-VBE(1)) X( FFE (MIN) + + Ip MAX

Assuming that
VBE(1) ¢ VBE of current limitting internal transistor = 0.65V
VBE(2) : VBE of power transistor = 0.65V
hpg MIN : Min. value of hpg of power transistor
(at Ig=Igg)=40 _
Ip MAX : Max. value of bias current of TA7089P = 6mA
Pp MAX is above 504mW.
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Isc
7
24 VBE(R)
ISC_VBE/RSI 3 1 Ry
hpp MIN.
@
v
In MAX. 1 VBEQ)
TA7089P
Jb
’J7 IJT r

7. Application

Specification

VIN 12vpc + 3vP-PAc
Vour 5Vpe + 30mvP-PAC
I, MAX 1.2a

Current limitting protection circuit

Example 1. Current Boost Circuit

28D110Y 040(1w)
AN 5V
Wy -0
g (14)
g AL
Qe n S
© -~
2
—() 14 a 'E
A4 ?/ 5]
13 N/' =
syP—P TA7089P O ' . E
+
4 (10~ g: 3L 438
=5 ) 7T =2
SE \8)
12vVpe =0
SEGA =]
g%
: & 03
8 %]
o
IE

25D876 Heat Sink (Reh(f) = 3.95°C/W)
100X 170 2mm A2
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Example 2. Positive and Negative Power Supplied

-0 +VouT

Vin

1000pF

_—G
D !
TA7089P i<
S
Ripp O__—__ fer B
& 8 b + 3
L3 EE LI
To 7 (i? gl 1 g A
M3
0

I e

TA7089P 3
3

) D ]
O &L 4
a l=]
=
0
3

VRipp

Q1 xR

g\
104F

¥ oo

1000pF

O —Vout

Use diodes having less forward voltage drop for D] and D2.
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