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AN8013SH

Single-channel step-up or step-down DC-DC converter control IC

B Overview

ANB8013SH is a single-channel DC-DC converter control IC using the PWM method.

This IC implements DC-DC converter that provide a single arbitrary output voltage that is either a stepped-up or stepped-down
level. It features a wide operating supply voltage range, low power, and a built-in overcurrent protection circuit to protect the
switching transistor from damage or destruction. The AN8013SH is provided in a 0.5 mm pitch 10-pin surface mounting package
and is optimal for use in miniature high-efficiency portable power supplies.

M Features
e Wide operating supply voltage range (3.6 V to 34 V)
® Small consumption current (2.4 mA typical)
e Supports control over a wide output frequency range: 20kHz to 500 kHz.
 Built-in pulse-by pulse overcurrent protection circuit (Detection voltage: Ve — 100 mV)
@ Built-in timer latch short-circuit protection circuit (charge current : 1.3 pA typical)
e [ncorporating an under-voltage lock-out circuit (U.V.L.O)
 Built-in reference voltage circuit (Error amplifier reference input: 0.75 V (allowance: +4%))
® Output block is open-collector (darlington) type.
® High absolute maximum rating of output current (100 mA)
® Duty ratio with small sample-to-sample variations (55% +5%)

W Applications

® Switching mode power supply units (in portable equipment and other applications)

B Package
® 10 pin Plastic Shrink Small Outline Package (SSOP Type)

M Type
@ Silicon Monolithic Bipolar IC
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H Application Circuit Example
1. Step-down
IN oy ouT
° W 45V
IL % Y/ =62kQ
S1kQ
bl =
. 100 k2
‘UAV
yJ'r_ 0 0.0.] ul
T
10 9 8 7 6
VCC ouT GND IN- FB
=200 kHz
Du=50%
CLM RT CT S.C.p DTC
1 2 I 3 } 4 5
15kQ 150 Fi 0.01 uF =
P l M To.033 uF‘I‘—%‘)l kQ
777 ;
2. Step-up
IN ouT
Ay £1R Fll o +12V
zjx 150 k2
10 kQ
besd
100 kQ
i i 0.001 uF
10 9 8 7 6
vVCC ouT GND IN—- FB
=200 kHz
Du=50%
CLM RT CT S.C.P DTC
1 2 ‘ 3 [ 4 | 5 |
15kQ2 150pF 5+  0.01 FJ'
71 H 7];0,033 uF,I, 91 kQ
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M Block Diagram

vee CLM DTC CT| RI
10 1 3 2
0sC
Reference Ose Dé T
Voltage T 1
01y Q|
PWM jv
S R
LATCH
FB |6 jn
J_ o.s.cr:>g3
+ G
IN- |7 Error Amp. VREF= I -
;onsv ;1.9ov ,1, 075V|S R| [R Q
LATCH| |U.V.L.O
b
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B Pin Descriptions

Pin No. Pin name Type Description
1 CLM Input Overcurrent protection input
2; RT — Oscillator frequency setup resistor connection
3 CT —- Oscillator frequency setup capacitor connection
4 S.C.P — Capacitor connection for delay short-circuit protection
5 DTC Input Dead time control pin
6 FB Output Output of error amplifier
7 IN- Input Inverted input for error amplifier
8 GND Ground Ground pin
9 ouT Output Open collector output
10 | VCC Power supply | Supply voltage application
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H Absolute Maximum Ratings
Np; Parameter Symbol Rating Unit Notes
1 | Supply voltage Vee 35 \ *1
2 | Supply current Icc — mA —
3 | Power dissipation Pp 115 mW -7
4 | Operating ambient temperature Topr -30 to +85 °C *3
5 | Storage temperature Ty —55to +125 °C 5
6 | CLM pin allowable applied voltage Veum 35 Vv -
7 | Error amplifier allowable input voltage A4 -03t025 \ —
8 | DTC pin allowable applied voltage Vpre 2.5 \% —_
9 | OUT pin allowable applied voltage Vour 35 \Y —
10 | Output current I 100 mA —

Notes)*1 : The values under the condition not exceeding the above absolute maximum ratings and the power dissipation.
*2 : The power dissipation shown is the value at T, = 85°C for the independent (unmounted) IC package.
When using this IC, refer to the P,,-T, diagram of the package standard page 4 and use under the condition not exceeding the allowable value.
*3 ; Except for the power dissipation, operating ambient temperature, and storage temperature, all ratings are for T, = 25°C.

M Operating supply voltage range

Parameter Symbol Range Unit Notes

Supply voltage range Vee 3.6to 34 A%

Note) *: The values under the condition not exceeding the above absolute maximum ratings and the power dissipation.

B Recommended Operating Conditions

Parameter Symbol Min Max Unit Notes
Supply voltage (0 to 3.6 V) rise time trvec) 10 — us &
Collector output voltage Vour S 34 \Y w
Collector output current lour - 50 mA o
Timing capacitance Cp 100 1800 pF o
Timing resistance Rp 5.1 15 kQ *
Output frequency four 20 500 kHz *
e - e

Note) *: Do not apply current or voltage from external source to any pin not listed above.
In the circuit current, (+) means the current flowing into IC and (=) means the current flowing out of IC,
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M Electrical Characteristics at V. =12V, C; = 150 pF, R, = 15 kQ
Note) T, =25°C+2°C unless otherwise specified.
N!Z‘ Parameter Symbol c::’jtts Conditions o ‘L-lrr:;:sl o Unit | Notes
U.V.L.O. Block
1 |U.V.L.O. start voltage Vuon 1 —_ 29 | 32 | 35 v
2 | Hysteresis width Viys 1 - 60 — | 400 | mV
Error Amplifier Block
3 | Input threshold voltage Vin 2 | Voltage follower 0.72 1 0.75 | 0.78 Vv
4 | Line regulation Vi 2 zzlctig;gogot‘g e3r4 v — 2 8 mV
5 | Input current I 3 — =500 | 35 | —
6 | High-level output voltage Ver 3 — 20 | = —
7 | Low-level output voltage VEL 3 — — — 0.3
PWM Comparator Block
8 | High-level input threshold voltage Vora 4 | Duty ratio 100% 12 | — — \'
9 | Low-level input threshold voltage VprL 4 | Duty ratio 0% — — | 0.6
10 | Input current Ipre 4 — -12 | =11 | =10 | pA
Output Block
11 | Output frequency four 5 — 185 | 205 | 225 | kHz
12 | Output duty ratio Dy 5 Rprc =91 kQ 50 55 60 Y%
13 | Output saturation voltage Vsan 4 |Ip=50mA — | 09 | 1.2 \'%
14 | Output leak current Towx 4 glclfyzrjt‘i‘o\{)% || = | 10 | pa
Short-circuit Protection Block
15 | Input threshold voltage Vinec 6 - 0.7 | 075 | 0.8 \'
16 | Input standby voltage Vsmay 6 — — — | 120 | mV
17 | Input latch voltage Vin 6 - - - 120 | mV
18 | Charging current Ieng 6 = -1.6 | -13 | -1.0 | pA
Overcurrent Protection Block
19 | Threshold voltage Ve 7 — —\;CZ% _X%% Ygg mV
The Whole Circuit
20 |Total current consumptionl Il 8 | — | — | 24 l 3.5 | mA I
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M Electrical Characteristics (Reference values for design) at V. =12V, C; =150 pF, R; = 15 kQ
Note) T, =25°C+2°C unless otherwise specified.

Reference
NEZ Parameter Symbol c:fjtts Conditions values Unit | Notes
' Min ! Typ l Max
Error Amplifier Block
21 [fap e voluge g |y | g Yo e — s | =] % "
2 51111;1:; ;g-eizgzlsdzvoltage temperature V,2 5 '\leliagg glé(;\;vgr . + . % *1
23 | Output sink current Isvk 3 | V=09V — 8 - mA *1
24 | Output source current Isource 3 |Vgp=09V — [-120| — pA *1
25 | Open-loop gain AG 3 — — | 70 | — dB *1
Output Block )
26 | Maximum oscillation frequency fouruax 5 |Cr=120pF,R;=5.1kQ — | 500 | — kHz | *1
27 f;;*::t’;gs tsi‘c‘fply voltage £ 5 |[Vee=36Vto34V —|lal =] % [#=
28 f}rl:‘rl;‘:t‘;‘r’f; ook £,1 5 |Ta=-301025°C — sl =| % |=
29 f;i?;‘:;g’sttiec’:gem““e £,2 5 |Ta=251t085°C —|s|l=| % |#n
30 |RT pin voltage Vit 4 — — 1059 — A% *1
Short-circuit Protection Block
31 ‘ Comparator threshold voltage | Vo l 6 ] — | — \ 1.90 ‘ — ‘ v ‘ *1
Overcurrent Protection Block
32 ‘ Delay time ] toLy l 7 ‘ — | - | 200 ‘ - l ns l *1
The Whole Circuit
33 ‘ Total consumption current 2 ‘ Ioc2 \ 8 ‘RT =5.1kQ ] — | 3.4 [ - [ mA [ *1

Note) *1: The above characteristics are reference values for design of the IC and are not guaranteed by inspection.
If a problem does occur related to these characteristics, Matsushita will respond in good faith to user concerns.
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B Test Circuit Diagram
1. Test Circuit 1
mpp% Vel ; Vi |
.e_
| 600 Q% 1.6V
7 Vo
10 9 8 7 6 |
vVCC ouT GND IN- B
CLM RT CT SCP DTC
1 2 3 4 5
Ry Ver L Vire L
15 kQ 0.4V 1.6V
»r
2. Test Circuit 2
L I-ﬂ‘.% Vec . Vs é)
10 9 8 7 6
vVCC ouT GND IN- FB
CLM RT CT S.C.p DTC
1 2 3 4 5
RT VCT e
15 kO 0.4V
beed
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B Test Circuit Diagram (continued)
3. Test Circuit 3

. B
10 WF Vee _l_ Ve, Vig
VA ' vl
ls g I b SwWi
10 9 8 7| 6 |
vce ouT GND IN- FB
CLM RT cr S.CP DTC
1 2 3 4 5
Ry = Ver L
I5kKQ  guv ]
T
4, Test Circuit 4
50mA V,
I
0pF [ Vee | 34V L v, v
= F‘B I
% v o ;% Yo (D ou 7
sw2? jbe ,
10 9 8 [ 7 6
vce ouUT GND IN- FB
CLM RT CT S.C.P DTC
1 2 3 | 4 s |
g :
Ver R,T F G al“’ O:L Ver -
15 kQ T 150 pF 'I' 'I' 04V Vire
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H Test Circuit Diagram (continued)
5. Test Circuit 5
mpl-; Vee ) Ve |
i ME 1.6V
b Vo
10 9 8 7 6 |
VCC ouT GND IN- FB
CLM RT CT S.CP DTC
1 2 3 4 5
< -
Ry ;? Cy 7 Rpre
brrd

6. Test Circuit 6

mul-‘]r]‘ri Vee | Vig:
A |500§1€§ v -

0
10 9 8 7 6
vCcC ouT GND IN- FB
CLM RT CcT S.C.p DTC
1 Z 3 4 5
Ry Ver Swi V4

= : ——va
15kQ T 1 T
04V |y T@llsﬂ' 1.6V
b

T
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M Test Circuit Diagram (continued)

7. Test Circuit 7

muFJﬁ

Vee |
2vT_ g0 QEL; A4
1 0

10 9 8 7 6 ‘

\ele ouT GND IN- g

CLM RT CT S.CP DTC
1 ] 2 3 | 4

8. Test Circuit 8

10 uF L Vee
12V
D Tee
10 9] 8 7 6
vCC ouT GND IN-
CLM RT CT S.C.P DTC
1 2 3 | 4 5
A Ver L
RrZ  oav I
&
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M Electrical Characteristics Test Procedures
1. Test Circuit1

C
No.

Parameter

Conditions

Measuring Method

U.V.L.O. start voltage

Ver=03V, Vpre=16V
Vis=16V

Measure the V¢ voltage when the V, changes from
High to Low level while increasing the V¢ voltage
gradually.

Hysteresis width

Ver=03V, Vpre=16V
Vig=16V

Vo Viys= Vuon— Vuore

_—]

-] ¥

»

+ Ve

VUOFF VUON

2. Test Circuit2

temperature characteristics 2

N% Parameter Conditions Measuring Method
3 | Input threshold voltage Vee=12V, V=04V Measure the voltage of Vp.
4 | Line regulation Vee=3.6V1t034V, V=04V Check the regulation of Vgg.
Input threshold voltage _ _ o .
21 emparaturecharacteristios | Vee =12V, Ta=-301t025°C Check the regulation of V.
22 Input threshold voltage Ve =12V, Ta=2510 85°C Check the regulation of Vgg.

3. Test Circuit3

N((;) Parameter Conditions Measuring Method
5 | Input current SW1_= 8 Vee=12V, Ver =04V Measure the current of I
V=08V
6 | High-level output voltage SW1_= 8 Ve =12V, Ver =04V Measure the voltage of Vg,
Vn=0.7V
7 | Low-level output voltage SWI_Z 8 Ve =12V, Ver =04V Measure the voltage of V.
V=08V
: SW1=b,Vec=12V, V=04V
23 | Output sink current V=08V, V=09V Measure the current of Iyg.
SW1=b,Vec=12V, V=04V
24 | Output source current Viy=0.7 V, Vgp=0.9 V Measure the current of Ipg.
Ag=10g10{(Vegn = Ve AV}
VO
25 | Open-loop gein SWl=a, Vee=12V, Ver=04V Ve
VEL — T - -
AV | Vi
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M Electrical Characteristics Test Procedures (continued)
4. Test Circuit4

V=0V, Vpre=1.6 V

N% Parameter Conditions Measuring Method
8 High-level input threshold  |SW1=a,SW2=a, V=12V, Measure the voltage of V¢ when the output duty
voltage V=16V ratio = 100%.
9 Low-level input threshold SW1=a,SW2=a, V=12V, Measure the voltage of Ve when the output duty
voltage V=16V ratio = 0%.
SW1=b,SW2=2a,V =12V,
10 |Input current Vs =1.6 V, Vpro =02 V Measure the current of Inpc .
. SW1=0b,SW2=0b,Vc=12V,
13 | Output saturation voltage V=16V, Vpre= 1.6 V Measure the voltage of V.
SW1=0b,SW2=c¢c, V=12V,
14 | Output leak current Vep =0V, Vpre =02V Measure the current of I .
30 |RT pin voltage SWI=b,SW2=3, Vec =12V, Measure the voltage of Vgr.

5. Test Circuitb

N% Parameter Conditions Measuring Method
Vee=12V, V=16V, 1
11 | Output frequency Ry = 15 kQ, Cy = 150 pF, Rppe = 91 kO four= —T (kHz)
Ton
Dy= 100 (%
Vo s N T % 06
12V ] —|
. Vee=12V, Vg =16V, o
12| Output duty ratio Ry =15 k€, Cy =150 pF, Ryre = 91 k2 L
) i
[(’JN
5 o T
Maximum oscillation Vee=12V, Vig =16V, R
26 |flz o quency Ry =15 kO, Cy = 120 pF, Rype =33 ke | fovr= ~p— KH2)
Frequency supply voltage Vee=36V >34V, V=16V, .
27 | characteristics Ry = 15 k€, Cp = 150 pF, Ry = 91 ke | Check the regulation of four.
Vee=12V, V=16V,
2g | Frequency temperature Ry = 15 kQ, Cy = 150 pF, Rpype = 91 k€ | Check the regulation of foyr.
characteristics 1 -~ o
Ta=-30to 25°C
Frequency temperature Vee =12V, Vi =1.6 V,
29 |frequency ‘emp Ry = 15 kQ, Cp = 150 pF, Ryre =91 kQ | Check the regulation of foyr.
characteristics 2
Ta=25to 85°C
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W Electrical Characteristics Test Procedures (continued)

6. Test Circuité

Cc

No. Parameter

Conditions

Measuring Method

15 | Input threshold voltage

SWl=a,Vee=12V, V=04V
Vpre= 1.6V, Vg =1.6 V

Measure the Vgcp voltage when Vi changes from low
to high level while increasing the Vgcp voltage
gradually.

16 | Input standby voltage

SWI=b, V=12V, V=04V
Vpre=1.6V, Vgg=1.6 V

Measure the voltage of V,.

17 |Input latch voltage

SW1=b, V=12V, Ver =04V
Vpre= 1.6V, Vg =20 V

Measure the voltage of V.

18 | Charging current

SWl=¢, V=12V, Ver =04V
Vore=1.6V, Vg =20 V

Measure the current of Igcp.

Comparator threshold

dl voltage

SW1=b,Vee=12V, V=04V
Vprc=1.6V

Measure the Vg voltage when the V¢ changes from
low to high level while increasing the Vg voltage
gradually from 1.6 V.

7. Test Circuit?

c

No. Parameter

Conditions

Measuring Method

19 | Threshold voltage

SWl=a, V=12V, V=04V
Vpre=16V, Vig=1.6 V

Measure the I; current when the V, changes from low
to high level while increasing the I; current gradually.
Vam=1"R

32 | Delay time

SW1=b, Vee=12V, Vgr =04V
Vore=1.6V, Vip=1.6 V

CLM

12V
18V

¢
DRY 2V

Measure the typy.

8. Test Circuit8

Cc

No. Parameter

Conditions

Measuring Method

20 | Total consumption current 1

Vee =12V, V=04V
R;=15kQ

Measure the current of I

33 | Total consumption current 2

Vee=12V,Ver =04V
R;=5.1kQ

Measure the current of Ic.
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B Technical Data
e Timing chart
1. Normal operation
v S.C.P comparator
cC
; Dead time control Output short-circuit threshold voltage
Error amplifier output
) R frer oup waveform / 1.85V
Iriangular wave  / /
A L\/\/\/\/\/\/\/\/\_“‘V
VAN NNV VN 04V
Soft start operation S.C.P input threshold voltage
075V
S.C.P pin voltage /‘l
T m—u_“w o
2. Overcurrent protection operation
Error amplifier output 14
(FB) >(\\//\\//\\//\\ 4V
Triangular wave 0.4V
(€D
B
Output transistor -~ “ +
collector 1 waveform L v
(OUT)
Vee
Overcurrent
~
protection input \\ \\ — Vee—100 mV
(CLM)
Ty - Delay time
Latch circuit H
set signal o
Latch circuit H
Reset signal .
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1. Outline Drawing

um
RS
\.\ SEATING PLANE hel

Unit:mm

i
[|N— S

\ SEATING PLANE

Weight

43 mg

Body Material : Epoxy Resin

Lead Material . Cu Alloy

Lead Finish Method : SnBi Plating

Established: 2004-01-19
Revised : 2007-02-13

Downloaded from Elcodis.com electronic components distributor

Semiconductor Company, Matsushita Electric Industrial Co., Ltd.


http://elcodis.com/

PACKAGE STANDARDS
SSOP010-P-0225A

Total Pages Page
6 3

2. Package Structure (Technical Report)

Chip Material i @
Leadframe material Cu alloy @
Inner lead surface Ag plating @
Outer lead surface SnBi plating @
. Method Resin adhesive method
Chip mount @
Material Adhesive material
Method Thermo—compression bonding
Wirebond @
Material Au
Method Multiplunger molding
Molding @
Material Epoxy resin

Semiconductor Company, Matsushita Electric Industrial Co., Ltd.

Established: 2004-01-19
Revised 1 2007-02-13

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/

PACKAGE STANDARDS
SSOP010-P-0225A

Total Pages Page
6 4

3. Mark Drawing

Product Name

Date Code

Semiconductor Company, Matsushita Electric Industrial Co., Ltd.
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4. Power Dissipation (Technical Report)

0.500

Mount On PWB[Glass-Epoxy:50X50X0.8t(mm)]
Rth(j-a)=259.0°C/W , ?

0400 | 0.386

z
~ 0300 0.287
=
S
©
a
(2]
L
]
& 0,200 ~ ?
2 Without PWB
o, Rth(j-a)=348.0°C/W
0.100
0.000
0 25 50 75 100 125

Ambient Temperature(°C )
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5. Power Dissipation (Supplementary Explanation)

[Experiment environment]
Power Dissipation (Technical Report) is a result in the experiment environment of SEMI standard
conformity. (Ambient air temperature (Ta) is 25 degrees C)

[Supplementary information of PWB to be used for measurement]
The supplement of PWB information for Power Dissipation data (Technical Report) are shown

below.
Indication Total Layer Resin Material
Glass-Epoxy 1-layer FR-4
4-layer 4-layer FR-4

[Notes about Power Dissipation (Thermal Resistance) ]

Power Dissipation values (Thermal Resistance) depend on the conditions of the surroundings, such as
specification of PWB and a mounting condition , and a ambient temperature. (Power Dissipation (Thermal
Resistance) is not a fixed value.)

The Power Dissipation value (Technical Report) is the experiment result in specific conditions (evaluation
environment of SEMI standard conformity) ,and keep in mind that Power Dissipation values (Thermal
resistance) depend on circumference conditions and also change.

[Definition of each temperature and thermal resistance]

Ta : Ambient air temperature
P The temperature of the air is defined at the position where the convection,
radiation, etc. don't affect the temperature value, and it's separated from the heating
elements.

Tc @ It's the temperature near the center of a package surface. The package surface is
defined at the opposite side if the PWB.

Tj : Semiconductor element surface temperature (Junction temperature.)

Rth(j-c) : The thermal resistance (difference of temperature of per 1 Watts) between a
semiconductor element junction part and the package surface
Rth(c-a) : The thermal resistance (difference of temperature of per 1 Watts) between the
package surface and the ambient air
Rth(j-a) : The thermal resistance (difference of temperature of per 1 Watts) between a

semiconductor element junction part and the ambient air
Ta

____________________ s [Definition formula)

Tj={Rth(j-c)+Rth(c-a)} X P+Ta

Rth(c-a)
=Rth(j-a) X P+Ta
Rth(j-a) i
Rth(j-c) = 7T’:c— (*C/w)
Rth(j-c)
....... . Rth(c-a) = Tc*:a (*Crw)

PWB \ \ Rth(j-a) = —Tj'PL ("CIW)

\_&_GLGQS_ = Rth(j-c)+Rth(c-a)

emiconductor element

Fig1. Definition image P:power(W)
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