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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED

SGS-THOMSON’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON
Microelectronics. As used herein:

1. Life support devices to systems are devices or systems 2. A critical component is any component of a life sup-

which, are intended for surgical implant into the body port device or system whose failure to perform can be
to support or sustain life, and whose failure to perform, reasonably expected to cause the failure of the life sup-
when properly used in accordance with instructions for port device or system, or to affect its safety or effecti-
use provided in the labeling, can be reasonably expec- veness.

ted to result in a significant injury to the user.
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SGS-THOMSON HIGH CURRENT SWITCHING REGULATOR ICs

L497X FAMILY BIPOLAR SOLUTIONS
L4970 L4977 L4975 L4974 L4972 L4972D L296P L4960 L4962
Surtace Mounting
Max Input Operating Voltage 50V 50V 50V 50V 50V 50V 46V 46V 46V
Output Voltage Range 5 1V to 40V +2% (Internal Ref)
Max Output Current 10A 7A 5A 3 5A 2A 2A 4A 25A 15
Max Output Power 400W 280W 200W 140W 80W 80w 160W 100W 60W
V, Vv, V,
Power Switch DMOS Rpgqy 0 180hm CESAT CESAT CESAT
4A 3.2V 2A 3V 15A2V
Switching Mode Control Continuous Mode, Direct Duty Cycle Control Continuous MODE, Direct
System with Feed Forward (Improved Transient Response) Duty, Cycle Control
Chopping Frequency 500kHz 500kHz 500kHz 200kHz 200kHz 200kHz 100kHz 100kHz 100kHz
V, =35V
INPUT 10A 7A 5A 35A 2A 2A 35A 2A 1A
Efficiency VOUT =51V
83% 84% 84% 84% 83% 83% 76% 74% 76%
100kHz
Current Limiting True Current Generator Soft Start Triggers
Soft Start Yes Yes
Reset and Power Fail Yes Yes No No
Crowbar No Yes No No
Package Mul 15 Mul t15 Mul 15 Powerdip16+2+2 | Powerdip16+2+2 S020L Multiwatt15 Heptawatt Powerdip12+2+2
Max ij - case(PIN) 1°C/W 1°C/W 1°C/W 12°C/W 12°C/W 15°C/W 3°C/W 4°C/W 14°C/W

This table presents the characteristics off all SGS-THOMSON power switching regulator ICs. The L497X types are described in this booklets; datasheets
for the bipolar ICs are included in the SGS-THOMSON Industrial and Computer Peripheral ICs databook.
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HOW TO CHOOSE THE RIGHT STEPDOWN SMPS IC

MAIN DESIGN TARGETS
CURRENT Current
DIP and SO
RANGE Component Power Reset Control ?
Cost PCB Space | p;ssipation Block 50Vinput |4 Best Line ﬁ‘;‘s‘m‘g;; Crow bar
Regulation
710 10A L4970 L4970 L4970
510 7A L4977 L4977 L4977
4105A L4975 L4975 L4975
3510 4A L296P Laser L4975 Log6P L4975 L4975
210 35A L296P L4974 L4974 L296P L4974 L4974 L4974 (DIP)
e L296P
L4972 L4972 L4972 L4972 (DIP)
1o 2A L4960 L4972D Li9e2D L4972D L4972D 149720 (SO)
L4972 (DIP)
L4962 L4972 L4972 L4972 L4972
UP to 1A L4962 L4962 (DIP)
L4972D L4972D L4972D L4972D L4972D L (80

Use this table to identify the most suitable type for your application. The vertical columns represent possible main design considerations. For example, if
4A output current is needed and low dissipation is the most important design target the L4975 is the best solution.
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L4970

10A SWITCHING REGULATOR

= 10A OUTPUT CURRENT

» 5.1V TO 40V OUTPUT VOLTAGE RANGE

= 0 TO 90% DUTY CYCLE RANGE

= INTERNAL FEED-FORWARD LINE REGULA-
TION

s INTERNAL CURRENT LIMITING

s PRECISE 5.1V + 2% ON CHIP REFERENCE

= RESET AND P. FAIL FUNCTIONS

= SOFT START

s INPUT/OUTPUT SYNC PIN

= UNDER VOLTAGE LOCK OUT WITH HYSTE-
RETIC TURN-ON

= PWM LATCH FOR SINGLE PULSE PER PE-
RIOD

s VERY HIGH EFFICIENCY

s SWITCHING FREQUENCY UP TO 500KHz

= THERMAL SHUTDOWN

DESCRIPTION

The L4970 1s a stepdown monolithic power swit-
ching regulator delivering 10A at a voltage variable
from 5.1 to 40V.

BLOCK DIAGRAM

ADVANCE DATA

Realized with BCD mixed technology, the device
uses a DMOS output transistor to obtain very high
efficiency and very fast switching times. Features of
the L4970 include reset and power fail for micropro-
cessors, feed forward line regulation, soft start, limi-
ting current and thermal protection. The device is
mounted In a 15-lead multiwatt plastic power
package and requires few external components. Ef-
ficient operation at switching frequencies up to
500KHz allows reduction in the size and cost of ex-
ternal filter components

| MULTIPOWER BCD TECHNOLOGY
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(15-lead)

Vertical Hornizontal

~-\ e

\,

ORDER CODE : L4970 (Vertical)
L4970HT (Honizontal)

“N\

4
4 _[TTE0I ORUARD
3

UNDE RUDLTACE
SENSE &
TuRpRoT |

REFERENCE

L ST CEN *U[)I T1AGE ?
Rosc TP CLOCK i
0 .
T ! | < g
Thun — - . 15
Lo £
LATCH ) Atomumt, oYy ¢ boot
(.=
5 1 'r SINGE : - 74:%““1_.000
11 S
wrnsn P L 1z
conp anl®gy 9> !
16) Y os
SOF 1 —_ | 4370
- —d - G - ’
%t —| ARt l» {ristl
Css r
3 5 4
’ %n* 1 naar 4928 810

February 1989

119

This advanced information on a new product now in development or undergoing evaluation Details are subject to change without notice



L4970

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Test Conditions Unit
Vg Input Voltage 55 \
Vg Input Operating Voltage 50 Vv
V7 Output DC Voltage -1 \
Output Peak Voltage at t = 0.1us f = 200KHz -7 Vv
I7 Max Output Current Internally mited
Vs Bootstrap Voltage 65 Vv
Bootstrap Operating Voltage Vg +15 Vv
Vi3, Vi2 Input Voltage at Pins 3, 12 12 \)
Va Reset Output Voltage 50 \"
N Reset Output Sink Current 50 mA
Vs, V1o, V11, V13| Input Voltage at Pin 5, 10, 11, 13 7 Vv
Is Reset Delay Sink Current 30 mA
lo Error Amplifier Output Sink Current 1 mA
l12 Soft Start Sink Current 30 mA
Piot Total Power Dissipation at T¢ase < 120°C 30 w
T}, Tstg Junction and Storage Temperature — 40 to 150 °C
PIN CONNECTION (top view)
/ '. ~ sf———> USTART
V) e— vref 5.1
‘@ ) ma— SYNC
12>  SOFT STRRT
FLY —] FEEDBACK INPUT
] e— FREQ. COMPENSATION
sf—> U1
sl — GND
rdl EEE——] OUTPUT
66— " BOOTSTRAP
Ll S RESET DE! AY
af—> RESET
: {B ) E— RESET INGUT
22— Cosc
AN l o~ 11— Rosc
L Tab connected to pin B nBSL4878-37
THERMAL DATA
Rth j—case | Thermal Resistance Junction—case Max 1 °C/W
Rth j-amb | Thermal Resistance Junction—ambient Max 35
219 L7 SGS-THOMSON
Y/ icromecTRONICS
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L4970

PIN FUNCTIONS

Ne° Name

Function

1 OSCILLATOR

Rosc. External resistor connected to ground determines the constant
charging current of Cqsc.

2 OSCILLATOR

Cosc. External capacitor connected to ground determines (with Rosc) the
switching frequency.

3 RESET INPUT

Input of Power Fail Circut.

The threshold is 5.1V. It may be connected via a divider to the input for
power fail function. It must be connected to the pin 15 with an external
30KQ resistor when power fail signal not required.

4 RESET OUT

Open Collector Reset/power Fail Signal Output. This output is high when
the supply and the output voltages are safe.

5 RESET DELAY

A Cy capacitor connected between this terminal and ground determines
the reset signal delay time.

6 BOOTSTRAP

A Cpoot capacitor connected between this terminal and the output allows
to drive properly the internal D-MOS transistor.

7 OUTPUT

Regulator Output

GROUND

Common Ground Terminal

9 SUPPLY VOLTAGE

Unregulated Input Voltage

10 FREQUENCY
COMPENSATION

A serie RC network connected between this terminal and ground
determines the regulation loop gain characteristics.

11 FEEDBACK INPUT

The Feedback Terminal of the Regulation Loop. The output is connected
directly to this terminal for 5.1V operation ; it is connected via a divider for
higher voltages.

12 SOFT START

Soft Start Time Constant. A capacitor is connected between this terminal
and ground to define the soft start time constant.

13 SYNC INPUT

Multiple L4970's are synchronized by connecting pin 13 inputs togheter or
via an external syncr. pulse.

14 Viet

5.1V(et Device Reference Voltage

15 Vstart

Internal Start-up Circuit to Drive the Power Stage

CIRCUIT OPERATION (refer to the block diagram).

The L4970 is a 10A monelithic stepdown switching
regulator realized in the new BCD Technology. This
technology allows the integration of isolated vertical
DMOS power transistors plus mixed CMOS/Bipolar
transistors. .

The device can deliver 10A at an output voltage ad-
justable from 5.1V to 40V, and contains diagnostic
and control functions that make it particularly suita-
ble for microprocessor based systems.

BLOCK DIAGRAM

The block diagram shows the DMOS power transis-
tor and the PWM control loop. Integrated functions
include a reference voltage trimmed to 5.1V + 2%,
soft start, undervoltage lockout, oscillator with feed-
forward control, pulse by pulse current limit, thermal
shutdown and finally the reset and power fail circuit.
The reset and power fail circuit provides an output

signal for a microprocessor indicating the status of
the system.

Device turn on is around 11V with a typical 1V hys-
terysis, this threshold provides a correct voltage for
the driving stage of the DMOS gate and the hyste-
rysis prevents instabilities.

An external bootstrap capacitor charged to 12V by
an internal voltage reference is needed to provide
correct gate drive to the power DMOS. The driving
circuit is able to source and sink peak currents of
around 0.5A to the gate of the DMOS transistor. A
typical switching time of the current in the DMOS
transistor is 50nS. Due to the fast commutation swit-
ching frequencies upto 500kHz are possible.

The PWM control loop consists of a sawtooth oscil-
lator, error amplifier, comparator, latch and the out-
put stage. An error signal is produced by comparing

L7 56s:THOMSON 319

MICROELECTRONICS
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L4970

Figure 1 : Feedforward Waveform.
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L4970

the output voltage with the precise 5.1V + 2% on
chip reference. This error signal is then compared
with the sawtooth oscillator in order to generate fixed
frequency pulse width modulated drive for the out-
put stage. A PWM latch is included to eliminate mul-
tiple pulsing within a period even in noisy
enviroments. The gain and stability of the loop can
be adjusted by an external RC network connected
to the output of the error amplifier. A voltage feed-
forward control has been added to the oscillator, this
maintains superior line regulation over a wide input
voltage range. Closing the loop directly gives an out-
put voltage of 5.1V, higher voltages are obtained by
inserting a voltage divider.

At turn on output overcurrents are prevented by the
soft start function (fig. 2). The error amplifier is ini-
tially clamped by an external capacitor Css and al-
lowed to rise linearly under the charge of an internal
constant current source.

Output overload protection is provided by a current
limit circuit. The load current is sensed by an inter-
nal metal resistor connected to a comparator. When
the load current exceeds a preset threshold the out-
put of the comparator sets a flip flop which turns off
the power DMOS. The next clock pulse from an in-
ternal 40kHz oscillator will reset the flip flop and the

Figure 4 : Reset and Power Fail Functions.
A

power DMOS will again conduct. This current pro-
tection method ensures a constant current output
when the systemis overloaded or short circuited and
limits the switching frequency In this condition to
40kHz.

The Reset and Power fail circuit (fig. 4) generates
an output signal when the supply voltage exceeds
a threshold programmed by an external voltage di-
vider. The reset signal is generated with adelay time
programmed by a external capacitor on the delay
pin. When the supply voltage falls below the thres-
hold or the output voltage goes below 5V the reset
output goes low immediately. The reset outputis an
open collector drain.

Fig. 4A shows the case when the supply voltage I1s
higher than the threshold but the output voltage is
not yet 5V.

Fig. 4B shows the case when the output 1s 5.1V but
the supply voltage is not yet higher than the fixed
threshold.

The thermal protection disables circuit operation
when the junction temperature reaches about 150 C
and has an hysterysis to prevent unstable condi-
tions.
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Y/ icrozEcTRONICS

15



L4970

FAIL THRESHOLD
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TURN ON THRESHOLD
t

11V

OUTPUT RESET

t

'tDR DELAY RESET n88L4978 11A

ELECTRICAL CHARACTERISTICS (refer to the test circm]}t, T,=25°C,V,=35V, R, = 15KQ,
Cy = 2.2nF, fy,, = 200KHz typ., unless otherwise specified) -

DYNAMIC CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
V, Input Volt. Range (pin 9) | Vo = Vier to 40V 15 50 \" 5
lo = 10A
Vo Output Voltage V, = 15V to 50V 5 51 5.2 \" 5
lo =5A ; Vo = Vet
AV, Line Regulation V, =15V to 50V 12 30 mV 5
lo =2A ; Vo = Vet
AV, Load Regulation Vo = Viet
lo = 3A to 6A 10 30 mv 5
lo =2A to 10A 20 50 mV
Vg Dropout Voltage between | |, = 5A 0.55 0.8 \ 5
Pin 9 and 7 lo = 10A 1.1 1.6 \
7L Max Limiting Current V, =15V to 50V 11 125 14 A 5
Vo = Vit to 40V
lo =5A . 5
Vo = Vet 80 85 %
Eftici Vo =12V 92 %
icienc:
y lo = 10A 5
Vo = Vref 75 80 %
Vo =12V 87
SVR Supply Voltage Ripple V, =2VRMS ; |, =5A 56 60 dB 5
Reject. f =100Hz ; Vo, = Vref
f Switching Freq. 180 200 220 KHz 5
At/ pv, Volt. Stability of Switching | V, = 15V to 45V 2 6 % 5
Freq.
Afly, Temp. Stability of Switch. | T, =0 to 125°C 1 % 5
Freq.
fmax Max. Operating Switch. Vo = Viet ; Rs = 9.1KQ 500 KHz 5
Freq. lo =10A ;Cg = 1.2nF
6/19
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L4970

ELECTRICAL CHARACTERISTICS (continued)
Vgaer SECTION (pin 14)

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
VRer Reference Voltage 5 5.1 52 \ 7
AVRer Line Regulation V, =15V to 50V 10 25 mV 7
Viz =0
AVRefr Load Regulation lrer =0 to 3mA 20 40 mV 7
AVgee/AT | Average Temp. Coeff. T, =0°C to 125°C 0.4 mvV/C 7
Ref. Voltage
lrer Short Circuit Curr. Limit VRee =0 70 mA 7
VSTART SECTION (pln 15)
Symbol Parameter Test Conditions Min. Typ. | Max. Unit Fig.
Vret Reference Voltage P2 =0V 11.4 12 12.6 \" 7
AViet Line Regulation P2 =0V ; 0.4 1 \' 7
V, =15 to 50V
AVt Load Regulation lret =0 to TMA 50 200 mV 7
P2 =0V
lret Short Circuit Current Limit| P12 =0V ; Py5 =0V 80 mA 7
DC CHARACTERISTICS
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Vaon Turn—on Thresh. 10 11 12 Vv 7A
Vonyst Turn—off Hyster. 1 \ 7A
lsa Quiescent Current Vi2=0;81=D; 10 16 mA 7A
S2=C N S4=A
lsoa Operating Quiescent Curr.| Vi =0 16 20 mA 7A
70 Out Leak Current V,=55V;S3=A; 2 mA 7A
Viz =0V
SOFT START (pin 12)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
l12 Soft Start Source Current | V42 =3V ;Vyy =0V 70 100 130 HA 7B
Vias Output Saturation Voltage | l12s = 20mA ; Vg = 10V 0.7 Vv 7B
ERROR AMPLIFIER
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
VioH High Level out Voltage lio =—50pA ;S2 =A 6 Vv 7C
P11 = OV N 81 = C
VioL Low Level out Voltage lig =50pA ;S2 = A 0.7 Vv 7C
Piy =6V ;S1=C
l4 Input Bias Current Vi1 =5;S81=B; 2 10 uA 7C
Rs = 10K
VoS Input off Voltage Py1 =Vos ; 2 10 mV 7C
Rs =50Q ;S1=A
Gv DC Open Loop Gain Pvcm =4V ; 60 dB 7C
Rs =50Q;S1=A .
SVR Supply Volt. Rej. 15 < VI < 50V 60 80 dB 7C
L3y SGS-THOMSON 19
Y/ sicrorECTROMICS
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L4970

ELECTRICAL CHARACTERISTICS (continued)

RAMP GENERATOR (pin 2)
Symbol Parameter Test Conditions Min. Typ. Max. Unit ng.
Ramp Valley 15 v 7A
Ramp Peak V, =15V 25 Vv 7A
V, =45V 55 \Y
Min Ramp Current S1=A,I11 =100uA 270 300 pA 7A
Max Ramp Current S1=A,11=1mA 24 27 mA 7A
SYNC FUNCTION (pin 13)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
SYNC Low Input Voltage V, = 15V to 50V -03 0.9 Vv
SYNC High Input Voltage Vio =0 35 55 \
- li3L Sync Input Current with Vi3 =09V 04 mA
Low Input Voltage
= ly3n Input Current with High Viz =35V 15 mA
Input Voltage
SYNC Delay 50 ns
Output Amplitude 4 5 \
Output Pulse Width Vine =25V 03 05 0.8 usec
RESET AND P. FAIL FUNCTIONS
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Viir Rising Threshold Voltage | V, = 15 to 50V Vretf Vref Vretf Vv 7D
(pin 11) S1=B -120 | =100 | -80 mv
Vit Falling Threshold Voltage | V, = 15 to 50V 477 Vref Vref \ 7D
(pin 11) S1=B -200 | —160 | mV
Vsh Delay High Threshold S1=8B 5 5.1 52 \' 7D
Voltage
Vst Delay Low Threshold S1=B 1 11 12 \ 7D
Voltage
- lsso Delay Source Current V3 =53V, V5 =3V 40 55 70 uA 7D
S1=A
Iss) Delay Sink Current V3 =47V ;Vs =3V 10 mA 7D
S1=A
Vas Out Saturation Voltage Il =15mA ;S2 =B 0.4 \ 7D
ls Output Leak Current Vs =50V ;S2=A 100 pA 7D
Vigr Rising Threshold Voltage 5 51 52 Y 7D
Hysteresis 0.4 0.5 0.6 v 7D
I3 i Input Bias Current 1 3 uA 70

8/19
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L4970

Figure 5 : Test and Application Circuit
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L4970

Figure 6 : Component Layout of Figure 5 (1:1 scale).
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c12

Or =
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Qu‘ S B

=
-{ R6 }’ C15 - C2
L4970/77

+S Vo GND -S

LTS

=

load| Vi

PART LISTS Table A
Ry = 30KQ *Cy, C2 = 3300uF 63 Vi EYF (ROE) :
Rz = 10KQ 83. Ca, Cs.FCs =2.2uF Vo Rio Rsg
R3 = 22KQ 7 =390p
Ra = 15KQ Cs = 22nF MKT 1817 (ERO) 12v 4.7KQ 6.2KQ
Rs = 22KQ 0.5W Cg = 2.2nF KP1830 18V 4.7KQ 4.1KQ
Re = 4K7 Cio = 0.1uF MKT 18V 4.7KQ 12KQ
R7 = 10KQ C11=2.2nF MP 1830 24V 4.7KQ 18KQ
Rg=seetable A **Ciz, C13, C14 = 220puF 40 VL EKR

(ROE)
Rg = OPTION Cis5 = 1uF Film
Rio0 = 4K7
Ri1=10Q
D =SBP 1660T (or 16A/60V equivalent)
L =40uH core 58071 MAGNETICS

27 TURNS @ 1,3mm (AWG 16)

COGEMA 949178
* 2 capacitors in parallel to increase input RMS current

capability
** 3 capacitors In parallel to reduce total output ESR.
10719 L3y SGS-THOMSON
Y/ NicromECTRONICS
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L4970

Figure 7 : DC Test Circuits.
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L4970

Figure 7C.
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L4970

Figure 8 : Quiescent Drain Current vs. Supply

Voltage (0 % duty cycle - see fig. 7A).
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Figure 10 : Quiescent Drain Current vs. Duty
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Figure 12 : Reference Voltage (pin 14) vs.
Junction Temperature (see fig. 7).
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Figure 11 : Reference Voltage (pin 14) vs. V,
(see fig. 7).
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Figure 13 : Reference Voltage (pin 15) vs. V,
(see fig. 7).
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L4970

Figure 14 : Reference Voltage (pin 15) vs.
Junction Temperature (see fig. 7).
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Figure 16 : Switching Frequency vs. Input
Voltage (see fig.5).

1188 43978-21

(KHz)

216

285
200
135

19e
185

18 15 20 25 3@ 35 48 45 S6 v1(V)

Figure 18 : Switching Frequency vs. R4

(see fig 5).
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Figure 15 : Reference Voltage 5.1V (pin 14)
Supply Voltage Ripple Rejection
vs. Frequency.
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Figure 17 : Switching Frequency vs. Junction
Temperature (see fig. 5).
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Response of Error Amplifier

(see fig. 7C).
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L4970

Figure 20 : Supply Voltage Ripple Rejection
vs. Frequency (see fig. 5).
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Figure 22 : Load Transient Response (see fig. 5).
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Figure 24 : Dropout Voltage between Pin 9 and
Pin 7 vs. Junction Temperature.
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Figure 21 :Line Transient Response (see fig. 5).
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Figure 23 : Dropout Voltage between Pin 9 and
Pin 7 vs. Current at Pin 7.
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Figure 26 : Power Dissipation (device only) vs. Figure 27 : Heatsink Used to Derive theDevice's
Output Voltage. Power Dissipation.
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Figure 31 : Power Dissipation Derating Curve.
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Figure 32 : 10A - 5.1V Application Circuit.
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TYPICAL PERFORMANCES :

n=283%(Vi=35V;Vo=VRer; o=
VoRIPPLE = 30mV (at 10A)

Line regulation = 5mV (V, = 15 to 50V)
Load regulation = 15mV (lo = 2 to 10A)

10A ; fsw = 200KHz)

For component values, refer to test circuit part list
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Figure 33 : 5.1V / 10A Low Cost Application (for component values refer to the test circuit part list).
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Figure 34 : 5.1V / 12V Multiple Supply. Note the Synchronization between the L4970 and the L4974.
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Figure 35 : L4970's Sync. Example.
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Figure 36 : 10A Switching Regulator, Adjustable from 0V to 25V.
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L4972
L4972D

3.5A SWITCHING REGULATOR

» 2A OUTPUT CURRENT

= 5.1V TO 40V OUTPUT VOLTAGE RANGE

s 0 TO 90% DUTY CYCLE RANGE

= INTERNAL FEED-FORWARD LINE REG.

» INTERNAL CURRENT LIMITING

s PRECISE 5.1V £ 2% ON CHIP REFERENCE

= RESET AND POWER FAIL FUNCTIONS

= INPUT/OUTPUT SYNC PIN

s UNDER VOLTAGE LOCK OUT WITH HYSTE-
RETIC TURN-ON

= PWM LATCH FOR SINGLE PULSE PER PE-
RIOD

» VERY HIGH EFFICIENCY

= SWITCHING FREQUENCY UP TO 200KHz

= THERMAL SHUTDOWN

DESCRIPTION

The L4972 1s a stepdown monolithic power swit-
ching regulator delivering 2A at a voltage vanable
from 5.1 to 40V.

Realized with BCD mixed technology, the device
uses a DMOS output transistor to obtain very high
efficiency and very fast switching times. Features of
the L4972 include reset and power fail for micropro-

BLOCK DIAGRAM

ADVANCE DATA
t MULTIPOWER BCD TECHNOLOGY ]

sO20L

POWERDIP
(16+2+2)

ORDER CODE : L4972 (Powerdip)
L4972D (SO20L)

cessors, feed forward line regulation, soft start, imi-
ting current and thermal protection. The device is
mounted in a Powerdip 16 + 2 + 2 and SO20 large
plastic packages and requires few external compo-
nents. Efficient operation at switching frequencies
up to 200KHz allows reduction in the size and cost
of external filter component.
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L4972-L4972D
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vi1 Input Voltage 55 \
Vig Input Operating Voltage 50 Vv
V2o Output DC Voltage -1 \"
Output Peak Voltage at t = 0.1us f = 200KHz -5 \'
l2g Maximum Output Current Internally Limited
Vi Bootstrap Voltage 65 \
Bootstrap Operating Voltage Vii +15 \
Va4, Vg Input Voltage at Pins 4, 12 12 \"
V3 Reset Output Voltage 50 \%
I3 Reset Output Sink Current 50 mA
V2, V7, Vg, Vig | Input Voltage at Pin 2, 7, 9, 10 7 \")
[Py Reset Delay Sink Current 30 mA
17 Error Amplifier Output Sink Current 1 mA
lg Soft Start Sink Current 30 mA
Piot Total Power Dissipation at Tpins < 80°C 5 w
T, Tsig Junction and Storage Temperature — 40 to 150 °C
PIN CONNECTION (top view)
BOOTSTRAP : 1 ~ 28 | ] ouTPUT
RESET DELAY (] 2 18 [OJ N.C.
RESET oUT (] 3 18 [1J C 0SC
P.FAIL INPUT [] 4 17 O R oSC
GND ] 5 16 [ GND
GND (: 5} 15 {J GND
FREQ. COmMP. [] 7 14 [J Ustart
SOFT START [] 8 13 [J Vref
FEEDBACK IN. [] 9 12 [J N.C.
SYNC INPUT [] 18 11 1 ua
M89L 4972-19
THERMAL DATA
Powerdip SO20L
Rth j-pins | Thermal Resistance Junction—pins Max 12°C/W 15°C/W
Rth -amb | Thermal Resistance Junction—ambient Max 80°C/W -
2/20
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L4972-L4972D

PIN FUNCTIONS

N° Name Function

1 BOOTSTRAP A Cpoot Capacitor connected between this terminal and the output allows
to drive properly the internal D-MOS transistor.

2 RESET DELAY A Cq4 capacitor connected between this terminal and ground determines
the reset signal delay time.

3 RESET OUT Open Collector Reset/power Fail Signal Output. This output is high when
the supply and the output voltages are safe.

4 RESET INPUT Input of Power Fail Circuit. The threshold is 5.1V. It may be connected via
a divider to the input for power fail function. It must be connected to the
pin 14 with an external 30KQ resistor when power fail signal not required.

56 GROUND Common Ground Terminal
15, 16
7 FREQUENCY A serie RC network connected between this terminal and ground
COMPENSATION determines the regulation loop gain characteristics.

8 SOFT START Soft Start Time Constant. A capacitor is connected between this terminal
and ground to define the soft start time constant.

9 FEEDBACK INPUT The Feedback Terminal of the Regulation Loop. The output is connected
directly to this terminal for 5.1V operation ; it Is connected via a divider for
higher voltages.

10 SYNC INPUT Multiple L4972's are synchronized by connecting pin 13 inputs togheter or
via an external syncr. pulse.

11 SUPPLY VOLTAGE Unregulated Input Voltage

12,19 | N.C.

13 Viet 5.1 Vet Device Reference Voltage

14 Vstart Internal Start-up Circuit to Drive the Power Stage

17 OSCILLATOR Rosc. External resistor connected to ground determines the constant
charging current of Cosc.

18 OSCILLATOR Cosc. External capacitor connected to ground determines (with Rosc) the
switching frequency.

20 OUTPUT Regulator Output

THOMSON 3120
<77 msafeesn@g‘mnm
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L4972-L4972D

CIRCUIT OPERATION

The L4972 is a 2A monolithic stepdown switching
regulator realized in the new BCD Technology. This
technology allows the integration of isolated vertical
DMOS power transistors plus mixed CMOS/Bipolar
transistors.

The device can deliver 2A at an output voltage ad-
justable from 5.1V to 40V and contains diagnostic
and control functions that make 1t particularly suit-
able for microprocessor based systems.

BLOCK DIAGRAM

The block diagram shows the DMOS power tran-
sistors and the PWM control loop. Integrated func-
tions include a reference voltage trimmed to 5.1V
+ 2%, soft start, undervoltage lockout, oscillator with
feedforward control, pulse by pulse current imit,
thermal shutdown and finally the reset and power
fail circuit. The reset and power fail circuit provides
an output signal for a microprocessor indicating the
status of the system.

Device turn on is around 11V with a typical 1V hys-
terysis, this threshold porvides a correct voltage for
the driving stage of the DMOS gate and the hyste-
rysis prevents instabilities.

An external bootstrap capacitor charge to 12V by an
internal voltage reference is needed to provide cor-
rect gate drive to the power DMOS. The driving cir-
cuit 1s able to source and sink peak currents of
around 0.5A to the gate of the DMOS transistor. A
typical switching time of the current in the DMOS
transistor is 50ns. Due to the fast commutation
switching frequencies up to 200kHz are possible.

The PWM control loop consists of a sawtooth oscil-
lator, error amplifier, comparator, latch and the out-
put stage. An error signal is produced by comparing
the output voltage with the precise 5.1V + 2% on
chip reference. This error signal is then compared
with the sawtooth oscillator in order to generate
frixed frequency pulse width modulated drive for the
output stage. A PWM latch is included to eliminate
multiple pulsing within a period even in noisy envi-
ronments.

The gain and stability of the loop can be adjusted by

4720 L7 S5S:THOMSON

an external RC network connected to the output of
the error amplifier. A voltage feedforward control
has been added to the oscillator, this maintains su-
perior line regulation over a wide input voltage
range. Closing the loop directly gives an output vol-
tage of 5.1V, higher voltages are obtained by insert-
ing a voltage divider.

At turn on, output overcurrents are prevented by the
soft start function (fig. 2). The error amplifier is ini-
tially clamped by an external capacitor, Css, and al-
lowed to rise linearly under the charge of an internal
constant current source.

Output overload protection Is provided by a current
limit circuit. The load current is sensed by a internal
metal resistor connected to a comparator. When the
load current exceeds a preset threshold, the output
of the comparator sets a flip flop which turns off the
power DMOS. The next clock pulse, from an inter-
nal 40kHz oscillator, will reset the flip flop and the
power DMOS will again conduct. This current pro-
tection method, ensures a constant current output
when the systemis overloaded or short circuited and
limits the switching frequency, in this condition, to
40kHz. The Reset and Power fail circuit (fig. 4), ge-
nerates an output signal when the supply voltage
exceeds a threshold programmed by an external
voltage divider. The reset signal, is generated with
a delay time programmed by a external capacitor on
the delay pin. When the supply voltage falls below
the threshold or the output voltage goes below 5V,
the reset output goes low immediately. The reset
output is an open drain.

Fig. 4A shows the case when the supply voltage is
higher than the threshold, but the output voltage is
not yet 5V.

Fig. 4B shows the case when the output is 5.1V, but
the supply voltage 1s not yet higher than the fixed
threshold.

The thermal protection disables circuit operation
when the junction temperature reaches about
150°C and has a hysterysis to prevent unstable
conditions.

MICROELECTRONICS
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L4972-L4972D

Figure 1 : Feedforward Waveform.
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Figure 4 : Reset and Power Fail Functions.
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L4972-L4972D

ELECTRICAL CHARACTERISTICS(refer to the test circuit, T, = 25°C, V, = 35V, Ry = 33KQ,
Co = 2.2nF, f,, = 100KHz typ, unless otherwise specified)

DYNAMIC CHARACTERISTICS
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
V, Input Volt. Range (pin 11)| Vo = Vet t0 40V 15 50 \ 5
lo =2A
Vo Output Voltage V, = 15V to 50V 5 5.1 5.2 \ 5
lo =1A ; Vo = Vet
AV, Line Regulation V, =15V to 50V 12 30 mv
lo =0.5A ; Vo = Vet
AV, Load Regulation Vo = Viet mv
lo =0.5A to 2A 7 20
V4 Dropout Voltage between | |, = 2A 0.25 04 \
Pin 11 and 20
l20L Max Limiting Current V, = 15V to 50V 25 2.8 3.1 A
Vo = V(e to 40V
n Efficiency lo = 2A, f = 100kHz %
Vo = Vit 80 85
Vo =12V 90
SVR Supply Voltage Ripple V, =2VRMS ; |, = 1A 56 60 dB 5
Rejection f=100Hz ; Vo = Vyet
f Switching Freq. 90 100 110 kHz 5
Af/AV, Volt. Stability of Switching | V, = 15V to 45V 2 6 % 5
Freq.
AT, Temp. Stability of Switch. | T, =0 to 125°C 1 % 5
Freq.
fmax Max. Operating Switch. Vo = Viet Ras =15kQ 200 kHz 5
Freq. lo =2A Cg =2.2nF
Vger SECTION (pin 13)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
VREF Reference Voltage 5 5.1 5.2 \ 7
AVRer Line Regulation V, =15V to 50V 10 25 mV 7
Vg =0
AVRgF Load Regulation Irer =0 to 3mA 20 40 mV 7
AVRer/AT | Average Temp. Coeff. T, =0°C to 125°C 0.4 mv/C 7
Ref. Voltage
lrer Short Circuit Curr. Limit Vger =0 70 mA 7
VstaRT SECTION (pm 14)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Viet Reference Voltage Pg =0V 11.4 12 12.6 \ 7
AV et Line Regulation Pg =0V ; 0.4 1 \" 7
V; =15 to 50V
AV et Load Regulation lret =0 to TMA 50 200 mv 7
Ps =0V
lret Short Circuit Curr. Limit Pg =0V ;P4 =0V 80 mA
L7 SGS-THOMSON 7720
Y/ wicromzcTRORICS
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L4972-L4972D

ELECTRICAL CHARACTERISTICS (continued)
DC CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Viion Turn—-on Thresh 10 11 12 Vv 7A
Viinyst | Turn—off Hyster. 1 v 7A
li1q Quiescent Current Vg=0,81=D 10 16 mA 7A
S2=C,S84=A
l110a Operating Quiescent Curr.| Vg =0 16 20 mA 7A
l2oL Out Leak Current V, =55V ,S3=A, 2 mA 7A
Vg =0V,
SOFT START (pin 8)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Ig Soft Start Source Current | Vg =3V , Vg =0V 70 100 130 pA 7B
Vgs Output Saturation Voltage| lgs =20mA , V1 =10V 07 " 7B
ERROR AMPLIFIER
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
V7u High Level out Voltage I7 =—50pA ;S2 =A 6 v 7C
Pg =0V ,81=C
V7L Low Level out Voltage I; =50uA ,S2 =A 07 Vv 7C
Pg =6V ,S1=C
lg Input Bias Current Vg =5V ,S1 =B, 2 10 uA 7C
Rs = 10KQ
VvOS Input off Voltage Pg = Vos , 2 10 mV 7C
Rs =50Q,S1 =A
Gy DC Open Loop Gain Pvcm =4V ; 60 dB 7C
Rs =50Q,S1 =A
SVR Supply Volt. Rejec 15 < Vi < 50V 60 80 dB 7C
8/20
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L4972-L4972D

ELECTRICAL CHARACTERISTICS (continued)
RAMP GENERATOR (pin 18)

Symbol Parameter Test Conditions Min. Typ. max. Unit Fig.
Ramp Valley 15 " 7A
Ramp Peak V, =15V 25 \' 7A
V, =45V 55 v
Min Ramp Current S1=A;Ily7 =100pA 270 300 UA 7A
Max Ramp Current S1=A;l;7 =1mA 24 2.7 mA 7A
SYNC FUNCTION (pin 10)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
SYNC Low Input Voltage V, =15 to 50V -03 09 v
SYNC High Input Voltage Vg =0 25 55 v
- lioL Sync Input Current with Vig =09V 04 mA
Low Input Voltage
—l1oH Input Current with High Vip =25V 1.5 mA
SYNC Delay 50 ns
Output Amplitude 4 5 \%
Output Pulse Width Vine =25V 0.3 05 0.8 us
RESET AND POWER FAIL FUNCTIONS
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Vgr Rising Threshold Voltage | V, = 15 to 50V Vret Vret Vref \ 7D
(pin 9) S1=B -120 | —100 | -80 mv
Vor Falling Threshold Voltage 477 Vref Vref v 7D
(pin 9) —200 -160 mV
Van Delay High Threshold S1 =8B 5 5.1 52 Vv 7D
Voltage
VoL Delay Low Threshold S1 =B 1 1.1 1.2 \" 7D
Voltage
l2so Delay Source Current V4 =53V, V, =3V 40 56 70 HA 7D
S1=A
l2si Delay SINK Current Vs =47V ;Vy =3V 10 mA 7D
S1=A
Vis Out Saturation Voltage I3 =15mA ,S2 =B 04 \ 7D
I3 Output Leak Current V3 =50V ,S2=A 100 uA 7D
Vss Rising Threshold Voltage 5 5.1 52 \" 7D
Hysteresis 04 0.5 0.6 \" 7D
14 Input Bias Current 1 3 HA 7D
557 SEs:THoMsoN
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Figure 5 : Test and Application Circuit.
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PART LIST
R1 = 30KQ * Ci = C2 = 1000pF 63V EYF (ROE)
Rz = 10KQ C3= C4=Cs=Cs=22uF 50V
R3=22K C7 = 330pF Film
R4 = 36K Cg = 22nF MKT 1837 (ERO)
Rs = 22Q Co = 2.2nF KP 1830 (ERO)
Res = 4.7K Cio= 0.1uF Film
R7 = see table A
Rs = OPTION ** C12= C13=C14= 100puF 40V EKR (ROE)
Rg=4.7K

* 2 capacitors in parallel to increase input RMS current capabiiity.
* " 3 capacitors in parallel to reduce total output ESR.
Table A.
Vo Rg R7
12v 4.7KQ 6.2KQ
15V 4.7KQ 9.1KQ
18V 4.7KQ 12KQ
24V 4.7KQ 18KQ
10/20
"- SGS-THOMS
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L4972-L4972D

Figure 6 : Component Layout of fig.5 (1 : 1 scale). Evaluation Board Available.
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Figure 7A.
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Figure 7C.
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Figure 8 : Quiescent Drain Current vs. Supply
Voltage (0% duty cycle - see fig. 7A).
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Figure 10 : Quiescent Drain Current vs. Duty Cy-
cle.
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Figure 12 : Reference Voltage (pin 13) vs. Junc-

Figure 9 : Quiescent Drain Current vs. Junction
Temperature (0% duty cycle).
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Figure 11 : Reference Voltage (pin 13) vs. Vi
(see fig. 7).
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Figure 13 : Reference Voltage (pin 14) vs. Vi

tion Temperature (see fig. 7). (see fig. 7).
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Figure 14 : Reference Voltage (pin 14) vs. Junc-
tion Temperature (see fig. 7).

Figure 15 : Reference Voltage 5.1V (pin 13) Sup-
ply Voltage Ripple Rejection vs. Fre-

quency.
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Figure 16 : Switching Frequency vs. Input Voltage Figure 17 : Switching Frequency vs. Junction
(see fig. 5). Temperature (see fig. 5).
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(see fig.5). Error Amplifier (see fig. 7C).
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Figure 20 : Supply Voltage Ripple Rejection vs.
Frequency (see fig. 5).
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Figure 22 : Line Transient Response (see fig. 5).
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Figure 24 : Dropout Voltage between Pin 11 and
Pin 20 vs. Current at Pin 20.
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Figure 21 : Efficiency vs. Output Voltage.
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Figure 23 : Load Transient Response (see fig. 5).
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Figure 25 : .Dropout Voltage between Pin 11 and
Pin 20 vs. Junction Temperature.
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Figure 26 : Power Dissipation (device only) vs.

Input Voltage.
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Figure 28 : Power Dissipation (device only) vs.

Output Voltage.
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Figure 30 : Power Dissipation (device only) vs.

Output Current.
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Figure 27 : Power Dissipation (device only) vs.

Input Voltage.
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Figure 29 : Power Dissipation (device only) vs.

Output Voltage.
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Figure 31 : Power Dissipation (device only) vs.

Output Current.
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Figure 32 : Efficiency vs. Output Current. Figure 33 : Test PCB Thermal Characteristic.
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Figure 34 : R with two "on board" Square Heat
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Figure 35 : 2A — 5.1V Application Circuit.
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TYPICAL PERFORMANCE (using evaluation board) :

n=83% (Vi=35V ; Vo= VREF; lp = 2A ; fsw = 100KHz)

Vo RIPPLE = 30mV (at 1A)

Line regulation = 12mV (V, = 15 to 50V)

Load regulation = 7mV (lo = 0.5A, lo = 0.5 — 2A)

for component values Refer to the fig. 5 (Part list).

Figure 36 : A 5.1V/12V Multiple Supply. Note the Synchronization between the L4972 and L4970.
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Figure 37 : L4972's Sync. Example.
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L4974

3.5A SWITCHING REGULATOR

= 3.5A OUTPUT CURRENT

= 5.1V TO 40V OUTPUT VOLTAGE RANGE

s 0 TO 90% DUTY CYCLE RANGE

s INTERNAL FEED-FORWARD LINE REG.

a INTERNAL CURRENT LIMITING

= PRECISE 5.1V £ 2% ON CHIP REFERENCE

s RESET AND POWER FAIL FUNCTIONS

a INPUT/OUTPUT SYNC PIN

s UNDER VOLTAGE LOCK OUT WITH HYSTE-
RETIC TURN-ON

= PWM LATCH FOR SINGLE PULSE PER PE-
RIOD

s VERY HIGH EFFICIENCY

= SWITCHING FREQUENCY UP TO 200KHz

s THERMAL SHUTDOWN

DESCRIPTION

The L4974 1s a stepdown monolithic power swit-
ching regulator delivering 3.5A at a voltage variable
from 5.1 to 40V.

Realized with BCD mixed technology, the device
uses a DMOS output transistor to obtain very high
efficiency and very fast switching tmes. Features of
the L4974 include reset and power fail for micropro-

BLOCK DIAGRAM

ADVANCE DATA

l MULTIPOWER BCD TECHNOLOGY |

POWERDIP
(16+2+2)

ORDER CODE : L4974

cessors, feed forward line regulation, soft start, limi-
ting current and thermal protection. The device is
mounted In a Powerdip 16 + 2 + 2 plastic package
and requires few external components. Efficient
operation at switching frequencies up to 200KHz
allows reduction in the size and cost of external fil-
ter component.
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1aT 12 Z;:
SYNC o2 )
i ] { 1 i
FEEDFDRURRD UNDERUOL TAGE REFERENCE 1
Cosc SENSE b UoI 1AGE . i
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pun L INITER !
48KHz LAICH ¢ t
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L4974

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vii Input Voltage 55 \"
Viq Input Operating Voltage 50 \"
Vao Output DC Voltage -1 \"
Output Peak Voltage at t = 0.1us f = 200KHz -7 \
l20 Maximum Output Current Internally Limited
Vi Bootstrap Voltage 65 v
Bootstrap Operating Voltage Vi + 15 Vv
Va4, Vg Input Voltage at Pins 4, 12 12 v
V3 Reset Output Voltage 50 Vv
I3 Reset Output Sink Current 50 mA
V3, V7, Vg, Vi | Input Voltage at Pin 2, 7, 9, 10 7 Vv
[P Reset Delay Sink Current 30 mA
17 Error Amplifier Output Sink Current 1 mA
Ig Soft Start Sink Current 30 mA
Piot Total Power Dissipation at Tpins < 80°C 5 w
T, Tstg Junction and Storage Temperature - 40to 150 °C
PIN CONNECTION (top view)
BOOTSTRAP [ 1 28 L_'I OUTPUT
RESET DELAY (] 2 19 [d N.C.
RESET OUT [; 3 18 [] OSCILLATOR
RESET INPUT [] 4 17 j OSCILLATOR
GND [ 5 16 [ GND
GND [ 6 15 [1 GND
FREQ. compP. [ 2 14 [] Ustart
SOFT STRART (O 8 13 Uref
FEEDBACK IN. [] S 12 EN.C.
SYNC INPUT [] 18 11 (1 Vs
M89L 4974-19
THERMAL DATA
Rth j-pins | Thermal Resistance Junction—pins Max 12 °C/W
Rth j—amb | Thermal Resistance Junction—ambient Max 80
2/20
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L4974

PIN FUNCTIONS

Ne° Name Function

1 BOOTSTRAP A Cpoot Capacitor connected between this terminal and the output allows
to drive properly the internal D-MOS transistor.

2 RESET DELAY A C4 capacitor connected between this terminal and ground determines
the reset signal delay time.

3 RESET OUT Open Collector Reset/power Fail Signal Output. This output is high when
the supply and the output voltages are safe.

4 RESET INPUT Input of Power Fail Circuit. The threshold is 5.1V. It may be connected via
a divider to the input for power fail function. It must be connected to the
pin 14 with an external 30KQ resistor when power fail signal not required.

56 GROUND Common Ground Terminal
15, 16
7 FREQUENCY A serie RC network connected between this terminal and ground
COMPENSATION determines the regulation loop gain characteristics.

8 SOFT START Soft Start Time Constant. A capacitor is connected between this terminal
and ground to define the soft start time constant.

9 FEEDBACK INPUT The Feedback Terminal of the Regulation Loop. The output is connected
directly to this terminal for 5.1V operation ; it is connected via a divider for
higher voltages.

10 SYNC INPUT Multiple L4974's are synchronized by connecting pin 13 inputs togheter or
via an external syncr. pulse.

11 SUPPLY VOLTAGE Unregulated Input Voltage

12,19 | N.C.

13 Viet 5.1 Vet Device Reference Voltage

14 Vstart Internal Start-up Circuit to Drive the Power Stage

17, OSCILLATOR Rosc. External resistor connected to ground determines the constant

! charging current of Cosc.

18 OSCILLATOR Cosc. External capacitor connected to ground determines (with Rqsc) the

switching frequency.
20 OUTPUT Regulator Output

CIRCUIT OPERATION

The L4974 is a 3.5A monolithic stepdown switching
regulator realized in the new BCD Technology. This
technology allows the integration of isolated vertical
DMOS power transistors plus mixed CMOS/Bipolar
transistors.

The device can deliver 3.5A at an output voltage ad-
justable from 5.1V to 40V and contains diagnostic
and control functions that make it particularly sui-
table for microprocessor based systems.

BLOCK DIAGRAM

The block diagram shows the DMOS power transis-
tors and the PWM control loop. Integrated functions
include a reference voltage trimmed to 5.1V + 2%,
soft start, undervoltage lockout, oscillator with feed-
forward control, pulse by pulse current limit, thermal
shutdown and finally the reset and power fail circuit.
The reset and power fail circuit provides an output

signal for a microprocessor indicating the status of
the system.

Device turn on is around 11V with a typical 1V hys-
terysis, this threshold provides a correct voltage for
the driving stage of the DMOS gate and the hyste-
rysis prevents instabilities.

An external bootstrap capacitor charge to 12V by an
internal voltage reference is needed to provide cor-
rect gate frive to the power DMOS. The driving cir-
cuit is able to source and sink peak currents of
around 0.5A to the gate of the DMOS transistor. A
typical switching time of the current in the DMOS
transistor is 50ns. Due to the fast commutation
switching frequencies up to 200kHz are possible.

The PWM control loop consists of a sawtooth oscil-
lator, error amplifier, comparator, latch and the out-
put stage. An error signal is produced by comparing

3/20
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L4974

the output voltage with the precise 5.1V + 2% on
chip reference. This error signal is then compared
with the sawtooth oscillator in order to generate
frixed frequency pulse width modulated drive for the
output stage. A PWM latch is included to eliminate
multiple pulsing within a period even in noisy envi-
ronments.

The gain and stability of the loop can be adjusted by
an external RC network connected to the output of
the error amplifier. A voltage feedforward control
has been added to the oscillator, this maintains su-
perior line regulation over a wide input voltage
range. Closing the loop directly gives an output vol-
tage of 5.1V, higher voltages are obtained by inser-
ting a voltage divider.

At turn on, output overcurrents are prevented by the
soft start function (fig. 2). The error amplifier is ini-
tially clamped by an external capacitor, Css, and al-
lowed to rise linearly under the charge of an internal
constant current source.

Output overload protection is provided by a current
limit circuit. The load current is sensed by a internal
metal resistor connected to a comparator. When the
load current exceeds a preset threshold, the output
of the comparator sets a flip flop which turns off the
power DMOS. The next clock pulse, from an inter-

Figure 1 : Feedforward Waveform.

nal 40kHz oscillator, will reset the flip flop and the
power DMOS will again conduct. This current pro-
tection method, ensures a constant current output
when the systemis overloaded or short circuited and
limits the switching frequency, in this condition, to
40kHz. The Reset and Power fail circuit (fig. 4), ge-
nerates an output signal when the supply voltage
exceeds a threshold programmed by an external
voltage divider. The reset signal, is generated with
a delay time programmed by a external capacitor on
the delay pin. When the supply voltage falls below
the threshold or the output voltage goes below 5V,
the reset output goes low immediately. The reset
output is an open drain.

Fig. 4A shows the case when the supply voltage is
higher than the threshold, but the output voltage is
not yet 5V.

Fig. 4B shows the case when the output is 5.1V, but
the supply voltage 1s not yet higher than the fixed
threshold.

The thermal protection disables circuit operation
when the junction temperature reaches about
150°C and has a hysterysis to prevent unstable
conditions.
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Figure 2 : Soft Start Function.
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Figure 3 : Limiting Current Function.
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Figure 4 : Reset and Power Fail Functions.
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L4974

ELECTRICAL CHARACTERISTICS (refer to the test circuit, T, = 25°C, V, = 35V, R, = 36KQ,
Cq = 2.2nF, f,, = 100KHzZ typ, unless otherwise specified)

DYNAMIC CHARACTERISTICS
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
V, Input Volt. Range (pin 11)| Vo, = Vief to 40V 15 50 \Y 5
lo =3.5A
Vo Output Voltage V, =15V to 50V 5 5.1 52 \ 5
lo =2A ; Vo = Vret
AV, Line Regulation V, =15V to 50V 12 30 mV
|o =1A ;Vo =Vre'
AV, Load Regulation Vo = Vet
lo = 1A to 3.5A 8 25 mV
lo =2A to 3A 4 10 mV
" Dropout Voltage between | |, = 2A 0.25 0.4 \'
Pin 11 and 20 lo =3.5A 0.45 0.7 \Y
l20L Max Limiting Current V, =15V to 50V 4 45 5 A
Vo = Vier to 40V
n Efficiency lo =2A, f = 100kHz
Vo = Vret 80 85 %
Vo =12V 90 %
lo = 3.5A, f = 100kHz
Vo = Vret 80 85 %
Vo =12V 90 %
SVR Supply Voltage Ripple V, =2VRMS ; |, =5A 56 60 dB 5
Rejection f=100Hz ; Vo = Viet
f Switching Freq. 90 100 110 kHz 5
Af/AV, Volt. Stability of Switching | V, = 15V to 45V 2 6 % 5
Freq.
Af/T, Temp. Stability of Switch. | T; =0 to 125°C 1 % 5
Freq.
fmax Max. Operating Switch. Vo =Viet R4 = 15KQ 200 kHz 5
Freq. lo =3.5A Cg =22nF
Vrer SECTION (pin 13)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
VREF Reference Voltage 5 5.1 5.2 \" 7
AVRer Line Regulation V, =15V to 50V 10 25 mV 7
Vg =0
AVRee Load Regulation lrer =0 to 3mA 20 40 mV
AVRef/AT | Average Temp. Coeff. T, =0°C to 125°C 0.4 mV/C 7
Ref. Voltage
lger Short Circuit Curr. Limit Vger =0 70 mA 7
L7 SGS-THOMSON 7120
Y/ vicroeLECTROMICS
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ELECTRICAL CHARACTERISTICS (continued)
Vstart SECTION (pin 14)

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Vriet Reference Voltage Pg =0V 114 12 126 Vv 7
AV et Line Regulation Pg =0V, 0.4 1 Vv 7
V, =15 to 50V
AV et Load Regulation lret =0 to TMA 50 200 mvV 7
Pg =0V
lret Short Circutt Curr Limit Pg =0V, P4 =0V 80 mA
DC CHARACTERISTICS
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Viton Turn—on Thresh. 10 11 12 \ 7A
Vi1 1Hyst Turn—off Hyster. 1 Vv 7A
li1a Quiescent Current Vg=0,81=D 10 16 mA 7A
S2=C;S4=A
l110a Operating Quiescent Curr | Vg =0 16 20 mA 7A
laoL Out Leak Current V, =55V ;83 =A 2 mA 7A
Va =0V 5
SOFT START (pin 8)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
lg Soft Start Source Current | Vg =3V ; Vg =0V 70 100 130 HA 7B
Vgs Output Saturation Voltage | lgs = 20mA ; V4 =10V 0.7 \ 7B
ERROR AMPLIFIER
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
V7u High Level out Voltage I7 =—50pA ,S2 =A 6 Vv 7C
Py =0V ;S1=C
V7L Low Level out Voltage I7 =50pA ,S2 =A 0.7 \Y 7C
Pg =6V ;S1=C
lg Input Bias Current Vg =5V ;81 =B; 2 10 uA 7C
Rs = 10KQ
VOS Input off Voltage Pg = Vos ; 2 10 mV 7C
Rs =50Q,S81 = A
Gy DC Open Loop Gain Pycm =4V ; 60 dB 7C
Rs =50Q ;S1 =A
SVR Supply Volt. Rejc. 15 < Vi < 50V 60 80 dB 7C
8120 L7 SGS:THOMSON
MICROELECTRONICS
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ELECTRICAL CHARACTERISTICS (continued)
RAMP GENERATOR (pin 18)

Symbol Parameter Test Conditions Min. Typ. max. Unit Fig.
Ramp Valley 1.5 \ 7A
Ramp Peak V, =15V 25 v 7A
V, =45V 55 \"
Min Ramp Current S1=A;li7 =100pA 270 300 uA 7A
Max Ramp Current S1=A;li7=1mA 2.4 2.7 mA 7A
SYNC FUNCTION (pin 10)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
SYNC Low Input Voltage V, =15 to 50V -03 09 \
SYNC High Input Voltage Vg =0 25 55 \"
= lyoL Sync Input Current with Vip = 0.9V 0.4 mA
Low Input Voltage
= l1oH Input Current with High Vip =25V 15 mA
SYNC Delay 50 ns
Output Amplitude 4 5 \"
Output Pulse Width Vinr = 25V 0.3 0.5 08 us
RESET AND POWER FAIL FUNCTIONS
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Vor Rising Threshold Voltage | V, = 15 to 50V Vref Vref Vref Vv 7D
(pin 9) S1=B -120 | -100 | -80 mv
Vgr Falling Threshold Voltage 4.77 Vref Vref Vv 70
(pin 9) -200 | -160 mV
Vau Delay High Threshold S1=8B 5 5.1 52 Vv 7D
Voltage
VaL Delay Low Threshold S1 =8B 1 1.1 1.2 \ 7D
Voltage
loso Delay Source Current V4 =53V; V, =3V 40 56 70 uA 7D
S1=A
lasi Delay SINK Current V4 =47V ;V, =3V 10 mA 7D
S1=A
Vis Out Saturation Voltage I3 =15mA ;S2 =B 0.4 \" 70
I3 Output Leak Current V3 =50V ;S2=A 100 HA 7D
Vss Rising Threshold Voltage 5 5.1 5.2 \ 7D
Hysteresis 0.4 0.5 0.6 Vv 7D
la Input Bias Current 1 3 uA 7D
ST e =
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Figure 5 : Test and Application Circuit.

RESET 0UT
TP2
V1 SYNC
o T TP1 TIe 3
R1 l RBE
ﬂ l-] L1 Vo
14 11 18 3 1 —
‘ 28 s SNV a e
13 LQA; 874 pks
8 2 7 17 18 4 . R? []RB
D1 1[ RS- - =
i i.“.’. PCB J_ FMZ c1arc14 c1s
af L] I I . R4
FF H -
c1|c2|c3|r2|cacs|ce| wlco| (R3] |c9
- RS9
GND nesL4974-22 GND
PART LIST
R1 = 30KQ *Cy = Cz = 1000uF 63V EYF (ROE)
Rz = 10KQ Cz = C4=Cs=Cg=22uF 50V
R3 = 22K C7 = 330pF Film
R4 = 36K Cg = 22nF MKT 1837 (ERO)
Rs = 22Q Cg = 2.2nF KP 1830 (ERO)
Rs=4.7K Cio= 0.1uF Film
R7 = see table A Ci1=1nF
Rs = OPTION ** C12= Cia= Cy4= 100uF 40V EKR (ROE)
Rg=4.7K Cis= 1uF Film
D = SBS 560 (OR EQUIVALENT)
L = 150pH
core 58310 MAGNETICS
* 2 capacitors in parallel to increase input RMS current capability 45 TURNS 10mm (AWG 19)
* " 3 capacitors in paralle! to reduce total output ESR COGEMA 949181
Table A.
Vo Rg R,
12V 4.7KQ 6.2KQ
15V 4.7KQ 9.1KQ
18V 4.7KQ 12KQ
24V 4.7KQ 18KQ
10120 L37 SGS-THOMSON
Y/ WicROELECTRONICS
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Figure 6 : Component Layout of fig.5 (1 : 1 scale). Evaluation Board Available.
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Figure 7 : DC Test Circuits.
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Figure 7A.
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Figure 7B.
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Figure 7C.
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Figure 8 : Quiescent Drain Current vs. Supply
Voltage (0% duty cycle - see fig. 7A).
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Figure 10 : Quiescent Drain Current vs. Duty Cy-
cle.
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Figure 12 : Reference Voltage (pin 13) vs. Junc-

Figure 9 : Quiescent Drain Current vs. Junction
Temperature (0% duty cycle).
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Figure 11 : Reference Voltage (pin 13) vs. Vi
(see fig. 7).
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Figure 13 : Reference Voltage (pin 14) vs. Vi

tion Temperature (see fig. 7). (see fig. 7).
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Figure 14 : Reference Voltage (pin 14) vs. Junc-
tion Temperature (see fig. 7).
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Figure 16 : Switching Frequency vs. Input Voltage
(see fig. 5).
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Figure 18 : Switching Frequency vs. R4
(see fig.5).
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Figure 15 : Reference Voltage 5.1V (pin 13) Sup-
ply Voltage Ripple Rejection vs. Fre-

quency.
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Figure 17 : Switching Frequency vs. Junction
Temperature (see fig. 5).
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Figure 19 : Open Loop Frequency and Phase of
Error Ampilifier (see fig. 7C).
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Figure 20 : Supply Voltage Ripple Rejection vs.
Frequency (see fig. 5).
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Figure 22 : Line Transient Response (see fig. 5).
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Figure 24 : Dropout Voltage between Pin 11 and
Pin 20 vs. Current at Pin 20.

189 4974 -23

uo
)
1.8 T)-125°C
8.8
7)-25°C
0.6 -
// Ty--48°C
0.4 >
]
) 1 2 3 4 128(A)

16/20
&r

66

SGS-THOMSON
MICROELECTRONICS

Figure 21 : Efficiency vs. Output Voltage.
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Figure 23 : Load Transient Response (see fig. 5).
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Figure 25 : Dropout Voltage between Pin 11 and
Pin 20 vs. Junction Temperature.
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Figure 26 : Power Dissipation (device only) vs.

Input Voltage.
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Figure 28 : Power Dissipation (device only) vs.

Output Voltage.
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Figure 30 : Power Dissipation (device only) vs.

Output Current.
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Figure 27 : Power Dissipation (device only) vs.

Input Voltage.
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Figure 29 : Power Dissipation (device only) vs.

Output Voltage.
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Figure 31 : Power Dissipation (device only) vs.

Output Current.
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Figure 32 : Efficiency vs. Output Current. Figure 33 : Test PCB Thermal Characteristic.
M 89 497 10 MB9 497%.CY

1 Pior

(*1) — - (W) A

90 | 1 t-s0kmz

‘\// 3

_/l/_ 12100 KHz

% . I

. ] N

—t e T ‘ /
Vret
60 F—d—— _[Yo=Vret | /
N S SN SR E
50 0
0 1 2 3 4 1gta) % S0 75 100 Toing*C)

Figure 34 : Ri with two "on board" Square Heat

Sinks vs. Side .
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Figure 35 : 3.5A — 5.1V Application Circuit.
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TYPICAL PERFORMANCES (using evaluation board) :
n=83% (Vi=35V ; Vo = VREF ; lo = 2.5A ; fsw = 100KHz)
VoRiPPLE = 30mV (at 1A)

Line regulator = 5mV (V, = 15 to 50V)

Load regulator =15mV (lo = 2 top 10A)

for component values Refer to the fig. 5 (Part list).

Figure 36 : A 5.1V/12V Multiple Supply. Note the Synchronization between the L4974 and L4970.
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Figure 37 : L4974's Sync. Example.
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L4975

t
H

5A SWITCHING REGULATOR

= 5A OUTPUT CURRENT

a 5.1V TO 40V OUTPUT VOLTAGE RANGE

= 0 TO 90% DUTY CYCLE RANGE

a INTERNAL FEED-FORWARD LINE REGULA-
TION

= INTERNAL CURRENT LIMITING

= PRECISE 5.1V + 2% ON CHIP REFERENCE

= RESET AND P. FAIL FUNCTIONS

s SOFT START

= INPUT/OUTPUT SYNC PIN

= UNDER VOLTAGE LOCK OUT WITH HYSTE-
RETIC TURN-ON

s PWM LATCH FOR SINGLE PULSE PER PE-
RIOD

= VERY HIGH EFFICIENCY

s SWITCHING FREQUENCY UP TO 500KHz

s THERMAL SHUTDOWN

DESCRIPTION

The L4975 is a stepdown monolithic power swit-
ching regulator delivering 5A at a voltage variable
from 5.1 to 40V.

Realized with BCD mixed technology, the device
uses a DMOS output transistor to obtain very high

BLOCK DIAGRAM

ADVANCE DATA

efficiency and very fast switching times. Features of
the L4975 include reset and power fail for micropro-
cessors, feed forward line regulation; soft start, limi-
ting current and thermal protection. The device is
mounted in a 15-lead multiwatt plastic power
package and requires few external components. Ef-
ficient operation at switching frequencies up to
500KHz allows reduction in the size and cost of ex-
ternal filter components.

[ MULTIPOWER BCD TECHNOLOGY

Multiwatt ©
(15-lead)

Vertical Honzontal

ORDER CODES : L4975 (Vertical)
L4975HT (Horizontal)

USTART
UREF U

14 15 9

1

SYNC

! FEEDFORUARD
19

SAUT. GEN

UNDERVDL TARGE
SENSE &
THER _ PROT

5.1V
REFERENCE H— '
UDLTAGE

P cLock 1

Caoasc
2
Rosc 'L

—
12v CURRENT

LIRITER

DRIVING lC boot
STAGE f*r Vo
’

4975

SOFT
RESET
cas 212 |sTaRT I [Tj_]
I
3 s é‘ca 4 Nn8SL 4975-81
IN DELAY OUT
February 1989 119

This 1s advanced information on a new product now in development or undergoing evaluation Details are subject to change without not|c7e
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Test Conditions Unit
Vo Input Voltage 55 \
Vg Input Operating Voltage 50 \
V7 Output DC Voltage -1 \'
Output Peak Voltage at t = 0.1us f = 200KHz -7 Vv
17 Max Output Current Internally Limited
Vg Bootstrap Voltage 65 \
Bootstrap Operating Voltage Vg + 15 \"
Vi3, Vi2 Input Voltage at Pins 3, 12 12 Vv
Vs Reset Output Voltage 50 v
la Reset Output Sink Current 50 mA
Vs, Vio, Va1, Via| Input Voltage at Pin 5, 10, 11, 13 7 \
Is Reset Delay Sink Current 30 mA
lyo Error Amplifier Output Sink Current 1 mA
ly2 Soft Start Sink Current 30 mA
Piot Total Power Dissipation at T¢ase < 120°C 30 - W
T, Tstg Junction and Storage Temperature — 40 to 150 °C
PIN CONNECTION (top view)
[~ N\ | -
S L ] — USTART
V) —— Uref 5.1U
Q} k] e— SYNC
b SR SOFT START
nmr—m— FEEDBACK INPUT
) e— FREQ. COMPENSATION
] S U1
s GND
[l T—— ouTPUT
66— "> BOOTSTRAP
s % RESET DELAY
4 RESET OUT
$ Yl —— RESET INPUT
2> Cosc
N 1 ~ Rosc
L Tab connected to pin 8 nEsL 497837
THERMAL DATA
Rth j—case | Thermal Resistance Junction—case Max 1 °C/W
Rth j-amb | Thermal Resistance Junction—ambient Max 35

2/18
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PIN FUNCTIONS

N° Name

Function

1 OSCILLATOR

Rosc. External resistor connected to ground determines the constant
charging current of Cosc.

2 OSCILLATOR

Cosc- External capacitor connected to ground determines (with Rosc) the
switching frequency.

3 RESET INPUT

Input of Power Fail Circuit.

The threshold 1s 51V It may be connected via a divider to the input for
power fail function. It must be connected to the pin 15 with an external
30KQ resistor when power fail signal not required

4 RESET OUT

Open Collector Reset/power Fail Signal Output This output 1s high when
the supply and the output voltages are safe

5 RESET DELAY

A Cq4 capacitor connected between this terminal and ground determines
the reset signal delay time.

6 BOOTSTRAP

A Cpoot capacitor connected between this terminal and the output allows
to drive properly the internal D-MOS transistor

7 OUTPUT

Regulator Output

GROUND

Common Ground Terminal

SUPPLY VOLTAGE

Unregulated Input Voltage

10 FREQUENCY
COMPENSATION

A sene RC network connected between this terminal and ground
determines the regulation loop gain characteristics

11 FEEDBACK INPUT

higher voltages

The Feedback Terminal of the Regulation Loop. The output 1s connected
directly to this terminal for 5.1V operation ; 1t is connected via a divider for

12 SOFT START
soft start time.

A capacitor is connected between this terminal and ground to define the

13 SYNC INPUT

Multiple L4975's are synchronized by connecting pin 13 inputs togheter or
via an external syncr. pulse

14 Vet

51 Vet Device Reference Voltage

15 Vstart

Internal Start-up Circuit to Drive the Power Stage

CIRCUIT OPERATION (refer to the block diagram)

The L4975 is a 5A monolithic stepdown switching
regulator realized in the new BCD Technology. This
technology allows the integration of isolated vertical
DMOS power transistors plus mixed CMOS/Bipolar
transistors.

The device can deliver 5A at an output voltage ad-
justable from 5.1V to 40V, and contains diagnostic
and control functions that make it particularly suita-
ble for microprocessor based systems.

BLOCK DIAGRAM

The block diagram shows the DMOS power transi-
stor and the PWM control loop. Integrated functions
include a reference voltage trimmed to 5.1V + 2%,
soft start, undervoltage lockout, oscillator with feed-
forward control, pulse by pulse current limit, thermal
shutdown and finally the reset and power fail circuit.
The reset and power fail circuit provides an output

signal for a microprocessor indicating the status of
the system.

Device turn on is around 11V with a typical 1V hys-
terysis, this threshold provides a correct voltage for
the driving stage of the DMOS gate and the hyste-
rysis prevents instabilities.

An external bootstrap capacitor charged to 12V by
an internal voltage reference is needed to provide
correct gate drive to the power DMOS. The driving
circuit is able to source and sink peak currents of
around 0.5A to the gate of the DMOS transistor. A
typical switching time of the current in the DMOS
transistor is 50nS. Due to the fast commutation swit-
ching frequencies up to 500kHz are possible.

The PWM control loop consists of a sawtooth oscil-
lator, error amplifier, comparator, latch and the out-
put stage. An error signal is produced by comparing

L7 SGS-THOMSON 319

MICROELECTRONICS

73



L4975

Figure 1 : Feedforward Waveform.
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Figure 2 : Soft Start Function.
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the output voltage with the precise 5.1V + 2% on
chip reference. This error signal is then compared
with the sawtooth oscillator in order to generate fixed
frequency pulse width modulated drive for the out-
put stage. A PWM latch is included to eliminate mul-
tiple pulsing within a period even in noisy
enviroments. The gain and stability of the loop can
be adjusted by an external RC network connected
to the output of the error amplifier. A voltage feed-
forward control has been added to the oscillator, this
maintains superior line regulation over a wide input
voltage range. Closing the loop directly gives an out-
put voltage of 5.1V, higher voltages are obtained by
inserting a voltage divider.

At turn on output overcurrents are prevented by the
soft start function (fig. 2). The error amplifier is ini-
tially clamped by an external capacitor Css and al-
lowed to rise linearly under the charge of an internal
constant current source.

Output overload protection is provided by a current
limit circuit. The load current is sensed by an inter-
nal metal resistor connected to a comparator. When
the load current exceeds a preset threshold the out-
put of the comparator sets a flip flop which turns off
the power DMOS. The next clock pulse, from an in-
ternal 40kHz oscillator will reset the flip flop and the

Figure 4 : Reset and Power Fail Functions.

power DMOS will again conduct. This current pro-
tection method, ensures a constant current output
when the systemis overloaded or short circuited and
limits the switching frequency, in this condition, to
40kHz.

The Reset and Power fail circuit (fig. 4) generates
an output signal when the supply voltage exceeds
a threshold programmed by an external voltage di-
vider. The reset signal, is generated with a delay
time programmed by a external capacitor on the de-
lay pin. When the supply voltage falls below the
threshold or the output voltage goes below 5V the
reset output goes low immediately. The reset out-
put is an open drain.

Fig. 4A shows the case when the supply voltage is
higher than the threshold, but the output voltage is
not yet 5V.

Fig. 4B shows the case when the output is 5.1V but
the supply voltage is not yet higher than the fixed
threshold.

The thermal protection disables circuit operation
when the junction temperature reaches about 150C
and has an hysterysis to prevent unstable condi-
tions.
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Figure 4 : Reset and Power Fall Functions (continued).
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ELECTRICAL CHARACTERISTICS (refer to the test circuit, T, = 25°C, V, = 35V, R4 = 15KQ,
Cy = 2.2nF, fg, = 200KHz typ, unless otherwise specified)

DYNAMIC CHARACTERISTICS

Symbol Parameter Test Conditions | Min. | Typ. Max. Unit | Fig.
v, Input Volt Range (pin 9) o = Vier 10 40V 15 50 Vv 5
lo =5A
Vo Output Voltage V, = 15V to 50V 5 51 52 Vv 5
lo =3A , Vo = Vies
AV, Line Regulation V, =15V to 50V 12 30 mV 5
lo =2A ; Vo = Vit . 1
AV, Load Regulation Vo = Vier 5
lo =2A to 4A 10 20 mV
lo = 1A to 5A 20 40 | mv |
Vg Dropout Voltage between | 1, = 3A 04 06 \ 5
Pin 9 and 7 lo =5A | 055 08 \"
l70 Max Limiting Current V, =15V to 50V 55 625 7 A 5
Vo = Vit to 40V I
lo =3A 5
Vo = Viet 80 85 %
Vo =12V 92 %
Efficiency
lo =5A 5
Vo = Vier 80 85 %
Vo =12V 92
SVR Supply Voltage Ripple V, =2VRMS , I, =3A 56 60 dB 5
Reject f = 100Hz ; V, = Vref
f Switching Freq 180 200 220 KHz 5
At/ \v, Volt Stability of Switching | V, = 15V to 45V 2 6 % 5
Freq
Af/Ty Temp Stability of Switch. | T, =0to 125 C 1 % 5
Freq
fmax Max Operating Switch Vo = Vet , Rg = 9.1KQ 500 KHz 5
Freq lo =5A ;Cg =12nF
69 Ly7 SGS-THOMSON
Y/ sacros sernoncs
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ELECTRICAL CHARACTERISTICS (continued)
Viger SECTION (pin 14)

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Vaer Reference Voltage 5 51 52 \Y 7
AVRefF Line Regulation V, =15V to 50V 10 25 mV 7
Vi =0
AVREF Load Regulation Iger =0 to 3mA 20 40 mV 7
AVRgee/AT | Average Temp Coeff. T, =0°C to 125°C 04 mV/C 7
Ref. Voltage
IRer Short Circuit Curr Limit Vger =0 70 mA 7
VSTAHT SECTION (pln 15)
Symbol Parameter Test Conditions Min. Typ. Max Unit Fig.
Vet Reference Voltage P2 =0V 114 12 126 \ 7
AVet Line Regulation Pi2 =0V ; 0.4 1 \ 7
V, =15 to 50V
AV et Load Regulation lret =0 to TmA 50 200 mvV 7
Pz =0V
lret Short Circutt Current Limit| P12 =0V ,Py5 =0V 80 mA 7
DC CHARACTERISTICS
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Vaon Turn—on Thresh. 10 11 12 Vv 7A
Vohyst Turn—off Hyster 1 \% 7A
log Quiescent Current Vi2=0;81=D; 10 16 mA 7A
S2=C;S4=A
laoa Operating Quiescent Curr.| Vi =0 16 20 mA 7A
7L Out Leak Current V,=55V;S3=A; 2 mA 7A
Viz =0V
SOFT START (pin 12)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
l12 Soft Start Source Current | V12 =3V ,Vy; =0V 70 100 130 HA 7B
Vios Output Saturation Voltage| l12s = 20mA ; Vg = 10V 07 \' 7B
ERROR AMPLIFIER
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
VioH High Level out Voltage lig =— 50pA ;S2 =A 6 \" 7C
P11 =0V N S1=C
VioL Low Level out Voltage l1gp =50uA ;82 = A 0.7 \ 7C
Py =6V ,S1=C
l11 Input Bias Current Vi1 =5:;81 =8B, 2 10 uA 7C
Rs = 10K
VoS Input off Voltage Pyy =Vos ; 2 10 mV 7C
Rs =50Q ;S1=A
Gy DC Open Loop Gain Pvcm =4V ; 60 dB 7C
Rs =50Q;S1 =A
SVR Supply Volt. Rej. 15 < Vi < 50V 60 80 dB 7C
(37 SGS-THOMSON 79
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L4975

ELECTRICAL CHARACTERISTICS (continued)

RAMP GENERATOR (pin 2)
Symbol Parameter Test Conditions Min. Typ. max. Unit Fig.
Ramp Valley 1.5 \Y 7A
Ramp Peak V, =15V 25 \" 7A
V, =45V 5.5 \Y
Min Ramp Current St =A;I1 =100uA 270 300 pA 7A
Max Ramp Current S1=A;1=1mA 24 27 mA 7A
SYNC FUNCTION (pin 13)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
SYNC Low Input Voltage V, = 15V to 50V -03 09 Vv
SYNC High Input Voltage Vi2 =0 3.5 55 \
- 3L Sync Input Current with Vi3 =09V 04 mA
Low Input Voltage
— li3n Input Current with High Vi3 =35V 15 mA
Input Voltage
SYNC Delay 50 ns
Output Amplitude 4 5 Vv
Output Pulse Width Vine = 2.5V 03 0.5 08 usec
RESET AND P. FAIL FUNCTIONS
Symbol Parameter Test Conditions Min. Typ. Max Unit Fig.
Viir Rising Threshold Voltage | V, = 15 to 50V Vref Vref Vref \) 7D
(pin 11) S1=B -120 [ -100 | -80 mv
Vite Falling Threshold Voltage | Vi = 15 to 50V 477 Vref Vref " 7D
(pin 11) S1=B -200 | -160 mV
VsH Delay High Threshold S1 =8B 5 5.1 52 \ 7D
Voltage
Vs Delay Low Threshold St =B 1 11 12 \) 7D
Voltage
- lsso Delay Source Current V3 =53V, Vs =3V 40 55 70 HA 70
S1=A
Issi Delay Sink Current V3 =47V ,Vs =3V 10 mA 7D
S1 = A
Vis Out Saturation Voltage ls =15mA ;S2 =B 0.4 \" 7D
ls Output Leak Current V4 =50V ;82 =A 100 pA 7D
ViR Rising Threshold Voltage 5 5.1 52 \' 7D
Hysteresis 0.4 0.5 0.6 Vv 7D
I3 Input Bias Current 1 3 HA 7D
8/19

78

[OT Al




6.

Ly

$9INOH LITTIOUIIN
NOSWOHL-S3S

61/6

RESET 0OUT
U o
! SYNC
e C1e
R1 J_",_ RE
L
15 9 13 4 S —_—
5 7 ~ ' 2 Uo
c11 R7
L L4975 |en-
12 58 18 1 2 L L
RS KD - ey —
L i PCB m_j_ c17c1acts c15-]- R8 RS
— =5 D !
T T K
— — ‘ 2 -5
rRilﬁ
D l Lr & GND
GND M8IL4575-38

‘HnoA1D uoneolddy pue s8] : g ainbig

SL6v1



L4975

Figure 6 : Component Layout of Figure 5 (1 : 1 scale).
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—

SERRAREES

+
L1 TP
ca O
R8
-{ }- R10
T}
c15 Cc2 M2
M1
L4975
PARTS LIST
R1 = 30KQ C2 = 3300uF 63V EYF (ROE) Table A.
R2 = 10KQ C3,C4,Cs, Cg =2 2uF
Ra = 22KQ C7 = 330pF Film Vo Rio Rs
Ra = 15KQ Cg = 22nF MKT 1817 (ERO) 12V 4.7KOQ 6.9KQ
Rs = 22Q 0,5W ’ :
Re = 4K7 Co = 2.2nF KP1830 15v 47KQ 91KkQ
Ry = 100 C1o=0.1uF MKT 18V 4.7KQ 12KQ
Re=seetable A Ci; =2 2nF MP1830 24V 47KQ 18KQ
Rg = OPTION **C12, C13, C14 = 220uF 40V EKR
(ROE)
Rio = 4K7 Cis = 1uF Film
Ry1 = 10Q
D = SBS 860T (or 8A/60V equivalent)
L = 1000uH cote 58071 MAGNETICS
27 TURNS O 1.3mm (AWG 16)
COGEMA 949180
* 2 capacttors In parallel to increase input RMS current
capability
** 3 capacitors In parallel to reduce total output ESR
10/19
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L4975

Figure 7 : DC Test Circuits.

HH-

1.2nF

L
T

-I:B
L

2.2nF

7
12
V7 I7L
v12

I
7z v 18UF
=z s
15 14
12
115 v1s Iz'?UF 2'2UFI V14 114
1M88L 49768 -86
Figure 7A.
Ui o—
$’ 1BUF
0 L
o
A o S1 3 S4 4 A
oW 1 13— 66 Uref-5.1U
B C
B
11 53 S
33K B.2K
2 8 a
I oo L
51

MBEL 48376 -84

Figure 7B.

T4

11

S

12

1BuF

I

188L 4376 -85 f

I
-

>/

SGS-THOMSON

11/19

MICROELECTRONICS

81



L4975

Figure 7C.
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Figure
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8 : Quiescent Drain Current vs. Supply
Voltage (0% duty cycle - see fig. 7A).
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Figure 12 : Reference Voltage (pin 14) vs.
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Figure 11 : Reference Voltage (pin 14) vs. V,
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L4975

Figure 14 : Reference Voltage (pin 15) vs. Figure 15 : Reference Voltage 5.1V (pin 14)
Junction Temperature (see fig. 7). Supply Voltage Ripple Rejection
vs. Frequency.
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Figure 16 : Switching Frequency vs. Input Voltage Figure 17 : Switching Frequency vs Junction

(see fig. 5). Temperature (see fig. 5).
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Figure 18 : Switching Frequency vs. R4 Figure 19 : Open Loop Frequency and Phase
(see fig. 5). Response of Error Amplifier
(see fig. 7C).
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L4975

Figure 20 : Supply Voltage Ripple Rejection
vs. Frequency (see fig. 5).
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Figure 22 : Load Transient Response (see fig. 5).
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Figure 24 : Dropout Voltage between Pin 9 and

Figure 21 : Line Transient Response (see fig. 5).
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Figure 23 : Dropout Voltage between Pin 9 and
Pin 7 vs. Current at Pin 7.
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Figure 25 : Power Dissipation (device only) vs.

Pin 7 vs. Junction Temperature. Input Voltage.
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L4975

Figure 26 : Power Dissipation (device only) vs. Figure 27 : Heatsink Used to Derive the Device's
Output Voltage. Power Dissipation
(Rth — Heatsink = Tcase — Tamb).
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Figure 28 : Efficiency vs. Output Current. Figure 29 : Efficiency vs. Output Voltage.
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Figure 32 : Power Dissipation Derating Curve.
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Figure 33 : 5A - 5.1V Application Circuit.
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TYPICAL PERFORMANCES (using evaluation board) :
n=83% (Vi=35V; Vo =VRer; lo = 5A ; fsw = 200KHz)
Vo RIPPLE = 30mV (at 5A)

Line regulation = 5mV (V, = 15 to 50V)

Load regulation = 15mV (lo = 2 to 5A)

For component values, refer to test circuit part list.
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Figure 34 : A 5.1V / 12V Multiple Supply. Note the Synchronization between the L4975 and the L4974.
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Figure 35 : L4970's Sync. Example.
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Figure 36 : 5A Switching Regulator, Adjustable from 0V to 25V.
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L4977

7A SWITCHING REGULATOR

= 7A OUTPUT CURRENT

= 5.1V TO 40V OUTPUT VOLTAGE RANGE

= 0 TO 90% DUTY CYCLE RANGE

s INTERNAL FEED-FORWARD LINE REGULA-
TION

s INTERNAL CURRENT LIMITING

s PRECISE 5.1V + 2% ON CHIP REFERENCE

= RESET AND P FAIL FUNCTIONS

n SOFT START

» INPUT/OUTPUT SYNC PIN

= UNDER VOLTAGE LOCK OUT WITH HYSTE-
RETIC TURN-ON

s PWM LATCH FOR SINGLE PULSE PER PE-
RIOD

» VERY HIGH EFFICIENCY

s SWITCHING FREQUENCY UP TO 500KHz

= THERMAL SHUTDOWN

DESCRIPTION

The L4977 is a stepdown monolithic power swit-
ching regulator delivering 7A at a voltage variable
from 5.1 to 40V.

Realized with BCD mixed technology, the device
uses a DMOS output transistor to obtain very high

BLOCK DIAGRAM

ADVANCE DATA

efficiency and very fast switching times. Features of
the L4977 include reset and power fail for micropro-
cessors, feed forward line regulation, soft start, limi-
ting current and thermal protection. The device is
mounted in a 15-lead multiwatt plastic power
package and requires few external components. Ef-
ficient operation at switching frequencies up to
500KHz allows reduction in the size and cost of ex-
ternal filter components.

L MULTIPOWER BCD TECHNOLOGY

Multiwatt ®
(15-lead)

Vertical Honizontal

ORDER CODES : L4977 (Vertical)
L4977HT (Honizontal)

USTAR™
UREF Vi1

14

[l
w

SYNC 13

5.1V |
REFERENCE H—
UOLTAGE ! T

_TP cLock l I

1 FEEDFORUARD UNDERUDL TAGE
Cosc L SENSE &
-L 2 1 SAVT. GEN. THER. PROT.
Rosc

12v | CURRENT
P LINITER

T
DRIVING éc boot
S.1V STAGE v Vo
7 r—
1] s> t T
Ufeedb o— —
conp. o— 8
uvs
Y [sorr - L4277
Cos %12 START [—El
3 5 4
l Eca l 1BIL 4977-81
IN DELAY oUT
February 1989 119

This 1s advanced information on a new product now in development or undergoing evaluation. Details are subject to change without nou%e
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L4977

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Test Conditions Unit
Vg Input Voltage 55 Vv
Vg Input Operating Voltage 50 \%
V7 Output DC Voltage -1 \Y
Output Peak Voltage at t = 0.1us f = 200KHz -7 \"
17 Max Output Current Internally Limited
Vs Bootstrap Voltage 65 \"
Bootstrap Operating Voltage Vg + 15 \"
V3, Vi2 Input Voltage at Pins 3, 12 12 Vv
Vq Reset Output Voltage 50 Vv
I Reset Output Sink Current 50 mA
Vs, Vyo, Vi1, Vi3 | Input Voltage at Pin 5, 10, 11, 13 7 \%
Is Reset Delay Sink Current 30 mA
lio Error Amplifier Output Sink Current 1 mA
li2 Soft Start Sink Current 30 mA
Piot Total Power Dissipation at T¢ase < 120°C 30 w
T), Teg Junction and Storage Temperature —40 to 150 °C
PIN CONNECTION (top view)
/ [ N/ .. -
l“ -] E—] USTART
P E— ] Uref 5.1V
P = o
v EEE—] SOFT START
nE—_—"—"—"°5 FEEDBACK INPUT
L] — FREQ. COMPENSATION
L SEa— %3
[ SE— GND
[l E—— ] ouTPUT
[ — BOOTSTRAP
L — RESET DELAY
L3 S— RESET 0UT
$ 3I— > RESET INPUT
2 —— ] Cosc
N i ~ Rosc
L Tab connected to pin B NEBSL 487837
THERMAL DATA
Rth j—case | Thermal Resistance Junction—case Max 1 °C/W
Rth j-amb | Thermal Resistance Junction—-ambient Max 35
2/19
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L4977

PIN FUNCTIONS

N° Name

Function

1 OSCILLATOR
current of Cosc.

Rosc. External resistor connected to ground determines the constant charging

2 OSCILLATOR

Cosc- External capacitor connected to ground determines (with Rosc) the
switching frequency.

3 RESET INPUT

Input of Power Fail Circuit.

The threshold 1s 5.1V. It may be connected via a divider to the input for
power fail function. It must be connected to the pin 15 with an external 30KQ
resistor when power fail signal not required.

4 RESET OUT

Open Collector Reset/power Fail Signal Output. This output is high when the
supply and the output voltages are safe

5 RESET DELAY

A C4 capacitor connected between this terminal and ground determines the
reset signal delay time.

6 BOOTSTRAP

A Cooot Capacitor connected between this terminal and the output allows to
drive properly the internal D-MOS transistor.

7 OUTPUT

Regulator Output

8 GROUND

Common Ground Terminal

9 SUPPLY VOLTAGE

Unregulated Input Voltage

10 FREQUENCY
COMPENSATION

A serie RC network connected between this terminal and ground determines
the regulation loop gain characteristics.

11 FEEDBACK INPUT

higher voltages.

The Feedback Terminal of the Regulation Loop. The output is connected
directly to this terminal for 5.1V operation ; i1t i1s connected via a divider for

12 SOFT START
start time.

A capacitor 1s connected between this terminal and ground to define the soft

13 SYNC INPUT

Multiple L4977's are synchronized by connecting pin 13 inputs togheter or via
an external syncr. pulse

14 Vret

5.1 Vet Device Reference Voltage

15 Vstarl

Internal Start-up Circuit to Drive the Power Stage

CIRCUIT OPERATION (refer to the block diagram)

The L4977 is a 7A monolithic stepdown switching
regulator realized in the new BCD Technology. This
technology allows the integration of isolated vertical
DMOS power transistors plus mixed CMOS/Bipolar
transistors.

The device can deliver 7A at an output voltage ad-
justable from 5.1V to 40V, and contains diagnostic
and control functions that make it particularly suita-
ble for microprocessor based systems.

BLOCK DIAGRAM

The block diagram shows the DMOS power transi-
stor and the PWM control loop. Integrated functions
include a reference voltage trimmed to 5.1V + 2%,
soft start, undervoltage lockout, oscillator with feed-
forward control, pulse by pulse current limit, thermal
shutdown and finally the reset and power fail circuit.
The reset and power fail circuit provides an output

signal for a microprocessor indicating the status of
the system.

Device turn on is around 11V with a typical 1V hys-
teresis, this threshold provides a correct voltage for
the driving stage of the DMOS gate and the hyste-
resis prevents instabilities.

An external bootstrap capacitor charged to 12V by
an internal voltage reference is needed to provide
correct gate drive to the power DMOS. The driving
circuit is able to source and sink peak currents of
around 0.5A to the gate of the DMOS transistor. A
typical switching time of the current in the DMOS
transistor is 50ns. Due to the fast commutation swit-
ching frequencies up to 500kHz are possible.

The PWM control loop consists of a sawtooth oscil-
lator, error amplifier, comparator, latch and the out-
put stage. An error signal is produced by comparing

L3 $65-THOMSON 319
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Figure 1 : Feedforward Waveform.
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L4977

the output voltage with the precise 5.1V + 2% on
chip reference. This error signal is then compared
with the sawtooth oscillator in order to generate fixed
frequency pulse width modulated drive for the out-
put stage. A PWM latch is included to eliminate mul-
tiple pulsing within a period even in noisy
environments. The gain and stability of the loop can
be adjusted by an external RC network connected
to the output of the error amplifier. A voltage feed-
forward control has been added to the oscillator, this
maintains superior line regulation over a wide input
voltage range. Closing the loop directly gives an out-
put voltage of 5.1V, higher voltages are obtained by
inserting a voltage divider.

At turn on output overcurrents are prevented by the
soft start function (fig. 2). The error amplifier is ini-
tially clamped by an external capacitor Css and al-
lowed to rise linearly under the charge of an internal
constant current source.

Output overload protection is provided by a current
limit circuit. The load current is sensed by an inter-
nal metal resistor connected to a comparator. When
the load current exceeds a preset threshold the out-
put of the comparator sets a flip flop which turns off
the power DMOS. The next clock pulse, from an in-
ternal 40kHz oscillator will reset the flip flop and the

Figure 4 : Reset and Power Fail Functions.

power DMOS will again conduct. This current pro-
tection method, ensures a constant current output
when the systemis overioaded or short circuited and
limits the switching frequency, in this condition, to
40kHz.

The Reset and Power fail circuitry (fig 4) generates
an output signal when the supply voltage exceeds
a threshold programmed by an external voltage di-
vider. The reset signal, is generated with a delay
time programmed by an external capacitor on the
delay pin. When the supply voltage falls below the
threshold or the output voltage goes below 5V the
reset output goes low immediately. The reset out-
put is an open collector-drain.

Fig 4A shows the case when the supply voltage is
higher than the threshold, but the output voltage is
not yet 5V.

Fig 4B shows the case when the output is 5.1V but
the supply voltage is not yet higher than the fixed
threshold.

The thermal protection disables circuit operation
when the junction temperature reaches about 150C
and has an hysterysis to prevent unstable condi-
tions.
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Figure 4 : Reset and Power Fall Functions (continued).
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ELECTRICAL CHARACTERISTICS (refer to the test circuit, T, = 25°C, V, = 35V, R4 = 15KQ,
Cy = 2.2nF, fy, = 200KHz typ, unless otherwise specified)

DYNAMIC CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
V, Input Volt. Range (pin 9) | Vo = Viet to 40V 15 50 \Y 5
lo = 7A
Vo Output Voltage V, =15V to 50V 5 51 52 \Y 5
lo =3A ; Vo = Viet
AV, Line Regulation V, =15V to 50V 12 30 mV 5
[ =2A vVo =Vve'
AV, Load Regulation Vo = Vet 5
o =3A to 5A 10 25 mV
lo =2A to 7A 20 40 mV
Vg Dropout Voltage between | 1, = 3A 04 0.6 \ 5
Pin 9 and 7 lo =7A 08 18 \Y
I7e Max Limiting Current V, = 15V to 50V 8 9 10 A 5
Vo = Vier to 40V
lo =3A 5
Vo = Vet 80 85 %
Vo =12V 92 %
Efficiency
lo = 7A 5
Vo = Viet 75 80 %
Vo =12V 87 %
SVR Supply Voltage Ripple V, =2VRMS | |, =3A 56 60 dB 5
Reject f =100Hz ; V, = Vref
f Switching Freq 180 200 220 KHz 5
Af/ \v, Volt Stability of Switching | V, = 15V to 45V 2 6 % 5
Freq
Af/t, Temp. Stability of Switch | T, =0 to 125°C 1 % 5
Freq.
fmax Max Operating Switch. Vo = Viet ; Rs =9.1KQ 500 KHz 5
Freq lo =7A ;Cg =1 2nF
6/19
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.

VReF Reference Voltage 5 51 52 \ 7
AVRer Line Regulation V, = 15V to 50V 10 25 mv 7
Viz=0
AVRer Load Regulation Irer = 010 3mA 20 40 mv 7
AVRer/AT | Average Temp. Coeff Ref| T, = 0°C to 125°C 04 mV/C 7
Voltage
lrer Short Circuit Curr Limit Vger =0 70 mA 7
VSTART SECTION (plﬂ 15)

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Vret Reference Voltage P2 =0V 1.4 12 126 Vv 7
AVref Line Regulation P2 =0V; 0.4 1 \" 7

V, = 15 to 50V
AViet Load Regulation lret = 0 t0 TMA 50 200 mV 7
P2 =0V
lret Short Circuit Current Limit | P12 = OV ; P45 = OV 80 mA 7
DC CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Vgon Turn—on Thresh. 10 11 12 \" 7A

VoHyst Turn—off Hyster. 1 \ 7A

loq Quiescent Current Vi2=0;S1=D; 10 16 mA 7A
S2=C;S4=A
lsoa Operating Quiescent Curr.| Vi2 =0 16 20 mA 7A
7L Out Leak Current V,=55V,83=A, 2 mA 7A
Viz =0V,
SOFT START (pin 12)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
2 Soft Start Source Current | Vi =3V ; Vy; = 0V 70 100 130 nA 7B
Viazs Output Saturation Voltage | l12s = 20mA ; Vg = 10V 0.7 Vv 7B
ERROR AMPLIFIER
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
VioH High Level out Voltage lio = —50uA,S2 = A 6 \' 7C
Py1=0V:;S1=C
VioL Low Level out Voltage lip = S50pA ; S2 = A 07 \" 7C
P11 =6V ;S1=C
111 Input Bias Current Vi1=5;81=B, 2 10 HA 7C
Rs = 10K
VOSs Input off Voltage P4y = Vos ; 2 10 mV 7C
Rs =50Q:S1=A
Gv DC Open Loop Gain Pvcm = 4V ; 60 dB 7C
Rs =50Q,S1=A
SVR Supply Volt. Re). 15 < Vi< 50V 60 80 dB 7C
Ly7 SGS-THOMSON me
MICROELECTRONICS
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ELECTRICAL CHARACTERISTICS (continued)
RAMP GENERATOR (pin 2)

Symbol Parameter Test Conditions Min. Typ. max. Unit Fig.
Ramp Valley 1.5 v 7A
Ramp Peak V, =15V 25 \ 7A
V, = 45V 55 v
Min Ramp Current S1=A,I11 =100pA 270 300 A 7A
Max Ramp Current S1=A,l1=1mA 2.4 27 mA 7A
SYNC FUNCTION (pin 13)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
SYNC Low Input Voltage V, =15V to 50V -0.3 09 \
SYNC High Input Voltage Via=0 35 55 \%
= laL Sync Input Current with Vi3 =09V 0.4 mA
Low Input Voltage
= ly3n Input Current with High Vi3 = 3.5V 15 mA
Input Voltage
SYNC Delay 50 ns
Output Amplitude 4 5 v
Output Pulse Width Vinr = 25V 03 0.5 08 usec
RESET AND P. FAIL FUNCTIONS
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
Viir Rising Threshold Voltage | V, = 15 to 50V Vref Vref Vref Vv 7D
(pin 11) S1=B -120 | —100 | —80 mv
Viig Falling Threshold Voltage | Vi = 15 to 50V 4.77 Vref Vref \ 7D
(pin 11) S1=B -200 | -160 mV
VsH Delay High Threshold S1=8 5 5.1 5.2 \ 7D
Voltage
Vsi Delay Low Threshold S1=8B 1 1.1 12 \ 7D
Voltage
- Isso Delay Source Current V3=53V; V5 =3V 40 55 70 A 7D
S1=A
Iss) Delay Sink Current V3 =47V ,Vs =3V 10 mA 7D
S1=A
Vas Out Saturation Voltage la =15mA ,S82 =B 0.4 \ 7D
la Output Leak Current V4 =50V;S2=A 100 uA 7D
Var Rising Threshold Voltage 5 5.1 5.2 " 7D
Hysteresis 0.4 0.5 0.6 \ 7D
I3 i Input Bias Current 1 3 HA 7D
8/19
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Figure 6 : Component Layout of Figure 5 (1 : 1 scale).
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L4970/77

PARTS LIST
Ry = 30KQ C;, C2 = 3300uF 63V EYF (ROE) Table A.
R2 = 10KQ C3,C4,Cs, Cs =2 2uF
R3 = 22KQ C7 = 330pF Film vo R10 R8
R4 = 15KQ2 Cg = 22nF MKT 1817 (ERO) 12V 4.7KQ 6.2KQ
Rs=22Q.0.5W 15V 4.7KQ 9 1KQ
Re = 4K7 Cg = 2.2nF KP1830 18V 4.7KQ 19KQ
R7=10Q C10 =0 1uF MKT :
Re=seetable A Cij =2 2nF MP1830 24V 4.7KQ 18KQ
Rg = OPTION **Ci2, C13, C14 = 220uF 40V EKR
(ROE)
R|o=4K7 C15= 1|JF Film
Ri1 = 10Q
D = SBP 1660T (or 16A/60V equivalent)
L = 40uH cote 58894 MAGNETICS
27 TURNS @ 1,3mm (AWG 16)
COGEMA 949178
* 2 capacitors In parallel to increase input RMS current
capability
** 3 capacitors in parallel to reduce total output ESR
10/19
- ST At

100



L4977

Figure 7 : DC Test Circuits.
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Figure 7C.
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L4977

Figure 8 : Quiescent Drain Current vs. Supply Figure 9 : Quiescent Drain Current vs. Junction
Voltage (0% duty cycle - see fig. 7A). Temperature (0% duty cycle).
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Figure 10 : Quiescent Drain Current vs. Duty Figure 11 : Reference Voltage (pin 14) vs. V,
Cycle (see fig. 7).
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Figure 12 : Reference Voltage (pin 14) vs. Figure 13 : Reference Voltage (pin 15) vs. V,
Junction Temperature (see fig. 7). (see fig. 7).
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Figure 14 : Reference Voltage (pin 15) vs. Figure 15 : Reference Voltage 5.1V (pin 14)
Junction Temperature (see fig. 7) Supply Voltage Ripple Rejection
vs. Frequency.
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| L L1 . T
-58 e 58 188 T;(°0) R ] A
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Figure 16 : Switching Frequency vs. Input Voltage Figure 17 : Switching Frequency vs. Junction
(see fig. 5). Temperature (see fig. 5).
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Figure 18 : Switching Frequency vs R4 Figure 19 : Open Loop Frequency and Phase
(see fig. 5). Response of Error Amplifier
(see fig. 7C).
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Figure 20 : Supply Voltage Ripple Rejection
vs. Frequency (see fig. 5).
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Figure 22 : Load Transient Response (see fig. 5).
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Figure 24 : Dropout Voltage Between Pin 9 and

Figure 21 : Line Transient Response (see fig. 5).

18814978 23A

T S L B
| [ Vo 5.1V
T 1. 1o0-5A (v
f:-286KHZ
4+ 58
. | e
AVo 4 - 38
(mu) k£ + -4 - L
T T
U O
8 . —
se | -+ttt
L L +—
[
8 1 ? 3 4 tims)

Figure 23 : Dropout Voltage Between Pin 9 and
Pin 7 vs. Current at Pin 7.
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Figure 25 : Power Dissipation (device only) vs.

Pin 7 vs. Junction Temperature. Input Voltage.
MBYL 4375 -26 75 -27
uD Ptot [ l 1189 4375 - 2.
(V) (W)
| _|Vo-Uref
8 =288KHZ
1.2
| | 4~ To-50n | 5 /
‘ﬂ //Io-dﬁ
8.8 L
L~ | lo-3A .

vV ¥V

A |_A1T0-5n
0.4

2
8.2
-se B se 188 158 T)(°C) 18 28 38 48 58 U1(U)
4
LNy SGS-THOMSON 1519
Y/ wicroEECTRONICS

105



L4977

Figure 26 : Power Dissipation (device only) vs. Figure 27 : Heatsink Used to Derive the Device's
Output Voltage. Power Dissipation
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Figure 28 : Efficiency vs. Output Current. Figure 29 : Efficiency vs. Output Voltage.
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Figure 30 : Efficiency vs. Output Voltage.
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Figure 31 : Power Dissipation Derating Curve.
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Figure 32 : 7A - 5.1V Application Circuit.
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TYPICAL PERFORMANCES (using evaluation board) :
n=283% (Vi=35V; Vo= VReF; lo = 7A ; fsw = 200KHz)
Vo rippLE = 30mV (at 7A)

Line regulation = 5mV (Vi = 15 to 50V)

Load regulation = 15mV (lo = 2 to 7A)

For component values, refer to test circuit part list.
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Figure 33 : A 5.1V/12V Multiple Supply. Note the Synchronization between the L4970 and the L4974.
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Figure 34 : L4970's Sync. Example.
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Figure 35 : 7A Switching Regulator, Adjustable from OV to 25V.
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APPLICATION NOTE

80W TO 400W MONOLITHIC BUCK REGULATORS
INTEGRATED IN MULTIPOWER BCD TECHNOLOGY

By C. DIAZZI, G. GATTAVARI

Presented at the High Frequency Power Conversion Conference, San Diego, May 2-5'" 1988

The paper describes recent developments in "intel-
ligent" power integrated circuits realized in Bipolar,
CMOS, DMOS (MULTIPOWER-BCD) mixed te-
chnology integrating both the control and power
sections.

The new technology led to a new generation of
monolithic switched mode power supplies in Buck
configuration working at high switching frequency
(up to 500KHz) and with output current in the range
from 2A to 10A, at a supply voltage up to 55V.

Switched mode techniques led to the development
of high efficiency circuits offering room saving and
reduction in costs, mainly of heatsink and output LC
filter.

For these applications a new technology, called
MULTIPOWER-BCD, has been developed which

BLOCK DIAGRAM.

allows the integration on the same chip of isolated
power DMOS elements, Bipolar transistors and
CMOS logic.

The technology is particularly suitable for the pro-
blems arising in switching mode techniques field,
due to the characteristics of high efficiency, fast swit-
ching speed, no secondary breakdown of the power
DMOS element.

The great flexibility that we have at our disposal for
the choice of the signal and driving sections compo-
nents allows optimization and compactness of the
system.

By MULTIPOWER-BCD it has been possible to im-
plement the family L497X, a new series of fully inte-
grated switching regulators suitable for DC-DC
converters working in Buck configuration.
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APPLICATION NOTE

The complete family consists of five devices which
differ each other only by the output current value
(2A, 3.5A, 5A, 7A, 10A) they can deliver to the load.

The devices rated at 2A and 3.5A are assembled in
Dual in Line package, Power Dip 16 + 2 + 2, while
the others are assembled in Multiwatt 15 package.
Each device integrates a DMOS output power
stage, a control section, limiting current and super-
visor functions like Reset and Power Fail signal for
microprocessors applications.

Output voltage can be adjusted starting from the in-
ternal reference voltage (5.1V) up to 40V, allowing
a maximum output power of 80W for the 2A version
and of 400W for the 10A version.

Maximum operating supply voltage is 55V.

THE TECHNOLOGY
The technology architecture is based on the vertical
Figure 1 : Technology Cross Section.

DMOS silicon gate process that allows a channel
length of 1.5um ; using a junction isolation techni-
que it has been possible to mix on the same chip Bi-
polar and CMOS transistors along with the DMOS
power components.

Fig. 1 shows a cross section of the technology and
table 1 lists the main electrical characteristics of the
components.

TAB. 2 shows transistors density comparison bet-
ween BCD and a standard Bipolar process capable
to sustain the same voltage. The table shows that
power bipolar component is cheaper in terms of si-
licon area than DMOS power component, but the
disadvantage is largely compensated by the extre-
mely simple circuitry required to drive the DMOS.

On the other side the table shows the compactness
of signal components for BCD process that allows
the implementation of complex control circuits.

L _J1
POWER DMOS CMOS NPN PNP H.V.P-CH
MOS
S-9351
2/10 ‘—scs-‘l'HOMSON
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Table 1 : Electrical Characteristics.

Vertical DMOS BVpss > 60V Viu =3V fi =1GHz
P-Channel Drain Ext. BVpss > 75V Vry =1.9V ft = 200MHz
CMOS N-Channel BVpss > 15V Vry =1V
CMOS P-Channel BVpss > 15V Vth =19V
Bipolar PNP BVceo > 30V B=35 ft = 10MHz
Bipolar NPN1 BVceo > 30V B =35 ft = 300MHz
Bipolar NPN2 BVceo > 30V B =200 fi = 150MHz
Table 2 : Transistors Density.
MultipowerBCD Bipolar
Process(60V) Process(50V)
Power DMOS (1A/1V) 1mm?
Power Bipolar (1A/1V) 0.7mm?
Signal Bipolar 200Tr./mm? 100Tr./mm?
CMOS 700Tr./mm?
Figure 2 : Power Capability Progress of Power ched ; with the introduction of BCD technology out-
ICs. put power increased up to 400W.
1xW . -
—+¢ 7 THE DEVICES : FUNCTIONS AND BLOCK
MULTIPOWER BCO— ¢ DIAGRAM
] The family of L497X products finds its typical appli-
| cation in those systems which require stabilized
SWITCHING supply voltage starting from a non stabilized supply
100W —r— of 60V.
= Such applications are typically found in personal
— oct"’ computer systems, printers, typewriters and so on
.o where for safety of working people a maximum sup-
d ply voltage of 48V is allowed on the secondary side
£ s B of the transformer which supplies the system.
10w 1 The devices are used in step down configuration

1975 1980 1985 1990

The curves of fig. 2 show the progress in terms of
power capability of power ICs as a function of years.
In the 70's class B circuits and DC circuits allowed
output power in the range of 70W.

In 1980 with the introduction of switching techniques
in power IC's output power up to 200W were rea-

(buck converter) and can regulate output voltage
from 5.1V up to 40V.

The circuits contain the power stage, control sec-
tions and diagnostic and protection circuits that
make the devices particularly indicated to supply
microprocessor based systems.

L7 SGS:THOMSON 10
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By integrating the power and control functions on a
single monolithic chip a very compact and low cost
system has been realized.

Additional cost and volume savings can be obtained
since the high switching frequency (200-500KHz)
offers significant savings in LC filter.

See the block diagram of the device at the first page
of this note.

It includes a DMOS power stage with PWM control
loop, soft start circuits, trimmed 5.1V voltage refe-
rence, under voltage lock out circuit, feedforward

function, pulse by pulse current protection, thermal
protection for the power stage and a Power Fail-Re-
set circuit which generates a Reset signal for a
microprocessor.

The family of devices is rated at five different maxi-
mum output current levels to the load : 2A, 3.5A, 5A,
7A, 10A.

The first two devices are assembled in Dual in Line
power package which needs no heatsink and which
shows a thermal resistance junction to pin of
11°C/W.

Figure 3.
O —O Vcc
REF. |12v
UOLTAGE o1 l
‘ 0 CBooTsTRAP
Q2
FROM b2 Us L
PUM COMP.
o o ﬁ a3
c == []oeo Iug
o 1 O
L4976

The last three devives are assembled in Multiwatt
package which shows a thermal resistance of
1°C/W (j-case).

THE POWER STAGE

A semplified schematic of the output stage along with
the external filter components is shown in fig. 3.
Power stage and its associated driving circuits are

4/10 [7-' SGS-THOMSON

among the most critical components to achieve
good performances at high switching frequency.

An external bootstrap capacitance, charged via
diode D1 at 12V, is needed to provide the correct
gate drive to the power DMOS N-channel transistor.

The driving circuit is able to deliver a current peak
of 0.5A, during turn on and turn off phases, to the
gate of power DMOS transistor.

MICROELECTRONICS
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Table 3 : Power DMOS Electrical Characteristics.

BVpss > 60V atlp =1mA Vgs =0V
Rps(on) = 100mQ at Ip = 10A T, =25°C Vgs = 10V
Rps(on) = 150mQ at lp = 10A T, =150°C Vgs = 10V
Vty =3V atlp =1mA
Figure 4 : GATE-CHARGE Curves for the Power the control part is the same and power device area
DMOS. is the same to guarantee low power dissipation al-
so for low current versions in Dual in Line package.
rnB9L4978-36 N P
Ugs T Table 3 shows electrical characteristics of the po-
v uDsS-48v wer DMOS implemented in the chip.

. s
18 '//7% 1

A
//
6 /1eA // i
2 SA 4 1
/__L_/ I
2 1A B
| ]
o
s j
8 8 16 24 ggtnC)

The described circuit shows commutation times of
50ns.

The five devices of L497X family differentiate each
other only for the level of current protection, while

Figure 5 : Voltage-feed-forward Technique.

REGULATION LOOP

The regulation loop (block diagram) consists of a
classical Pulse Width Modulation circuit and in-
cludes a sawtooth oscillator, error amplifier, voltage
comparator and PWM latch.

A precision 5.1V voltage reference, timmed on the
chip to guarantee a tight 1% initial tolerance and 1%
temperature range, is generated and constitutes the
voltage reference for the loop. The error amplifier is
a transconductance type with high impedance cur-
rent output and the loop can be easily compensa-
ted by placing a resistor capacitor series network
between amplifier output and ground (pole-zero
compensation).

The soft start circuit incorporated in the device

v g

Vg )

V=15V
e Vv, =30V

— >t

M89 L4974.15
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allows the device to soft start the power stage after
power up and after an inhibit state. The L497X de-
vices feature a voltage feedforward technique,
which is completely integrated and does not require
any external component, that increases the slope of
the sawtooth oscillator proportionally to the value of
supply voltage Vcc.

As Vcc increases the output pulse width (transistor on
time) decreases in such a manner as to provide a
constant "volt-second" product to the inductance (fig. 5).
Freedom of Vo from Vcc minimizes error amplifier
gain requirements while maintaining good output re-
gulation.

The amplifier not compensated has a DC voltage
gain Av = gm . Ro = 70Db with gm = 1.3mA/V and
Ro = 3.3MQ, Co = 5pF.

POWER FAIL-RESET CIRCUIT

L497X include a voltage sensing circuit that may be
used to generate a power on power off reset signal
for a microprocessor system.

The circuit senses the input supply voltage and the
output generated voltage and will generate the re-

Figure 6 : Power Fail / Reset Circuit.

quired reset signal only when both the sensed vol-
tages have reached the required value for correct
system operation. The Reset signal is generated af-
ter a delay time programmable by an external capa-
citor on the delay pin.

Fig. 6 shows the circuitimplementation of Reset circuit.

The supply voltage is sensed on an external pin, for
programmability of the threshold, by a first compa-
rator.

The second comparator has the reference threshold
set at slightly less the ref. voltage for the regulation
circuit and the other input connected internally at the
feedback point on the error amplifier.

This allows to sense the output regulated voltage.

When both the supply voltage and the regulated
voltage are in the correct range, transistor Q1 tums
off and allows the current generator to charge the
delay capacitor.

When the capacitor voltage reaches 5V the output
Reset signal is generated. A latch assures that if a
spike is present on the sensed voltage the delay ca-
pacitor discharges completely before initialization of
a new Reset cycle.

+*

5ve—4

FEEDBACK o
O ~

RESET

H

I' ey
g 2

<7

\_‘SV

out _J
HCC
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Figure 7 : Reset Waveforms.

vy
RISING R FAIL FALLING P FAIL
THRESHOLD THRESHOLD
TURN-ON TURN-OFF THRESH.
THRESH. 1w 10V \ \
VO =5.V 5.1V
RISNG RESE™ SV 4ov AA——100Me s
FALLING
RESET
THRESHOLD t
RESET OUT
t
‘DR _ltor]
DELAY RESET POWER FAIL TIME

The output gate assures immediate take of reset si-
gnal without waiting for complete discharge of delay
capacitor.

Reset output is an open collector transistor capable
of sinking 20mA at 200mV voltage.
Fig. 7 shows reset waveforms.

THERMAL CONSIDERATIONS

Power losses in the switched mode devices are gi-
ven by three major contributions : DC losses of the
power stage, switching losses of the power stage
and quiescent losses of control circuit.

DC losses of the power stage are given by the fol-
lowing relationship :

Switching losses of the power stage are given by
the following relationship assuming square wave-
form for DRAIN-SOURCE voltage and triangular
waveform for DRAIN current (inductive load) :

Pos=(1/2Vcc . Ip . trise + 1/2 Ve Ip . 1) . fswitch (2)

Quiescent current drawn from Vcc to supply driving
and control circuits is Ig = 12mA. Power dissipation
due to quiescent current is given by :

Ppa=Vcc. g 3)

L497X family consists of 5 devices differentiating for
the level of output current and for the package in
which they are included.

TABLE 4 shows the current capability and type of
package for the 5 devices :

Poc = Rosion). 2.8 & = Duty cycle (1)
Table 4.
Current Limit
Type (internally set) Package Runj-c
L4972 2.7A + 10% DIP.16 +2 + 2 11°C/W
L4974 45A £ 10% DIP.16 +2 + 2 11°C/W
L4975 6.3A + 10% Multiwatt 15 1°C/W
L4977 8.8A + 10% Multiwatt 15 1°C/W
L4970 12A + 10% Multiwatt 15 1°C/W
Ly7 SGS-THOMSON 7o
7 MICROELECTRONICS
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L4972 and L4974 are assembled in a Dual in Line
package (power dip) with 4 pins mechanically
connected to the copper frame of the package.
This allows to dissipate heat from the frame to ex-
ternal world by some dissipating copper area on the
PC board, without heatsink on the package.

Fig. 8 shows Thermal Resistance junction to am-
bient as a function of copper dissipating area on the
PC board.

As we can see from fig. 8 and 9 we have Rih-pin =
11°C/W, Rth-a = 35°C/W.

Thermal Resistance junction-case of Multiwatt
package is 1°C/W for a dissipating silicon area of
30000mils®.

Figure 8 : Thermal Resistance j-pin (DIP).

M88 DIP02

Figure 9 : Thermal Resistance j-ambient (DIP).

MEeOIFOL

Rinj a coPPER AREA 35 4
(W) THICKNESS

© _

\ PC 80ARD '
50
w0 —
plO\ =2W
30 jl

o 1 2 3 I (cm)

According to formula (1) (2) (3) and to Thermal Re-

Rinpo sistance Data we can calculate power dissipation
e and junction temperature for the 5 applications.
3 Pt W — Assuming Rps(on) = 0.15Q T; = 150°C ; tnse = trall =
DIE SIZE =150 x2005q mi's 50ns ;
2 fswnch = 100KHz ) Vcc =50V
\ we can consider the power dissipated in the follo-
" r— wing working conditions :
OR ON BOARD" FACE DOWN
AT SINK
10
9
0 5 10 15 20 Ag (x1000 sq mis)
Table 5.
Type Po Pptot Tj (Tamp = 70°C)
L4972 80W (2A, 40V) 1.58W 125°C
L4974 70W (3.5A, 20V) 22W 147°C
L4975 200W (5A, 40V) 4.85W 140°C (Rthy-a = 14°C/W)
L4977 280W (7A, 40V) 8.23W 140°C (Rthj-a = 8.5°C/W)
L4970 400W (10A, 40V) 15W 140°C (Rthj-a = 5°C/W)

For chips in Multiwatt package it has been calcula-
ted the heatsink required to guarantee 140°C junc-
tion temperature.

For Power Dip package it has been calculated junc-

tion temperature knowing j-amb thermal resistance
according to fig. 8 and 9.

810 L7 S5S-THOMSON

The data show that MULTIPOWER BCD technolo-
gy has allowed, with its outstanding features, the im-
plementation of a complete switched mode power
supply able to deliver about 80W in Dual in Line
package without heatsink and 400W in Multiwatt
package.
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APPLICATION CIRCUIT
Fig. 10 shows typical application circuit for 10A de-

vice and in the table are listed the typical electrical
characteristics and performances achieved.

Figure 10 : Application Circuit.

RESET OUT
o
‘2 SYNC .
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I——) [j J_—l
—-—— a—— T
c1| ¢z C;I-Rz ca c;,-cs c;( R4 |co [E]
R3 R18
. | | 2 -5
mﬁ
> BGND
GND nB89L4978-38

Table 6 : Electrical and System Characteristics.

Input Voltage 55V MAX
Output Current 10A (internally limited)
Reference Voltage 5.1V £ 10%
Temp. Stability of Ref. Volt. 0.2mV/°C
Line Regulation V, = 12V-50V 70dB
Ripple Rejection f =120Hz 60dB
Soft Start Time 20ms
Reset Delay Time 100ms
Switching Frequency 200kHz
L57 SEsmomson
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Fig. 11 shows efficiency curves for 10A output
current and fig.12 for 5A output current, as a

Figure 11.
n MBI L4975 0
(%) l
— T&K;&L
'/ ol -
/| A t = SO0KHz|
90
AL/ i
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,/Z 74
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4 10104
7 —+1
70 [
0 10 20 Vo (V)

function of output voltage and switching fre-
quency.

Figure 12.
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n T
(1) f =100KHz
=200KHz
90 —1— A#T—"THA—
w0 |- //
|
B S
70 o
l0=6A
60 1
0 10 20 30 Vo (V)

Fig. 13 shows a transient load condition from 2A to 8A and viceversa and the output voltage transient.

Figure 13 : Load Transient.
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CONCLUSIONS

A family of integrated Buck regulators realized in MUL-
TIPOWER BCD technology has been presented.
The high efficiency characteristics of the devices im-
plemented allows to deliver to the load 80W in a DIP
package and 400W in a Multiwatt package working
at high switching frequency (> 100KHz).

Future trends for MULTIPOWER BCD technology
is the increase of breakdown voltage (250V, 500V)
for the implementation of off-line systems.
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Lo = 50uH
Co = 300uF
Vo=5.1V
Vi = 35V

f = 200KHz
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MICROELECTRONICS APPLICATION NOTE

THERMAL CHARACTERISTICS
OF THE MULTIWATT PACKAGE

INTRODUCTION

This Application Note provides a complete thermal

characterization of the Multiwatt ® package (multi-

lead double TO-220 - fig. 1).

Characterization is performed according with reco-

mandations included in the G32-86 SEMI guideline,

by means of a dedicated test pattern. It refers to :

1. Junction to case thermal resistance Rth-c)

2. Junction to ambient thermal resistance Rin(-a)

3. Junction to ambient thermal impedance for sin-
gle pulses and repated pulses, with different
pulse width and duty cycle ;

4. Thermal resistance in DC and pulsed conditions,
with a typical external heat sink.

Most of the experimental work is related to the ther-

mal impedance, as required by the increasing use

of switching techniques.

Figure 1 : Multiwatt Assembly.

EXPERIMENTAL CONDITIONS

The thermal evaluation was performed by means of
the test pattern P432, which is a 20K mils? die with
adissipating element formed by two transistors wor-
king in parallel and one sensing diode. In order to
characterize the worst case of a high power densi-
ty IC, the total size of the element is 2K mils? with a

AN257/0189

By R. TIZIANI

power capability of 20W. Measurement method is
described in Appendix A.

Samples with the indicated characteristics were pre-
pared :

Package Multiwatt 15 leads

Frame Material Copper
Slug Thickness 1.5mm
Slug Thermal Conductivity 3.9W/cm°C
Die Attach Soft (PbSn)

Measurement of junction to case thermal resistance
Rth(-c) is performed by holding the package against
a water cooled heat sink, according with fig. 2. A
thermocouple placed in contact with the slug mea-
sures the reference temperature of the case.

For junction to ambient thermal resistance Rin(-a) the
samples are suspended horizontally in a one cubic
foot box, to prevent drafts.

Both DC and pulsed conditions are used ; in the se-
cond case the contribution of package thermal ca-
pacitance is effective and transient thermal
resistances much lower than the steady stata
Rtng-a) can be found, according to pulse length and
duty cycle.

The effect of the external heat sink is quantified,
using as testvehicle the commercially available heat
sink THM7023 especially developed by Thermalloy
for the Multiwatt package, whose thermalresistance
in still air is about 9°C/W.

The measurement circuit shown in fig. A3 was used
for all the thermal evaluations.

JUNCTION TO CASE THERMAL RESIS-
TANCE

The dependance of Ri-c) on the dissipated power
is reported in fig. 3.

It is well known that the main contribution to Rin(-c)
of power packages in given by the silicon die.

1/8
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Figure 2 : Measurement of Rt (-c).
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Figure 3 : Rt () of Multiwatt Package vs. Power

Level.
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FOR DEVICES OTHER THAN THE TEST PAT-
TERN P432 THE CALIBRATION CURVE OF
FIG. 4 IS NEEDED.

It shows the relationship between Rin(-c) and the dis-
sipating area existing on the silicon die (power
diodes, power transistors, high current resistors), for
different die sizes.

2/8
Ly SRmomean
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Figure 4 : Rtn(-c) Thermal Resistance vs. Die Size
and on Die dissipating Area.
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JUNCTION TO AMBIENT THERMAL
RESISTANCE .
In medium power applications (1.5-2W), the Multi-
watt package can be used without external heat
sink, thanks to the significant size (about 3.Scm2) of
its integrated thermal mass.
Its Ring-a) has two contributions : the Rtn(-c), mainly
due to the silicon die (as shown in fig. 4) and the
thermal resistance of the copper slug Rih siug.
Figure 5 : Rin(-a) of Multiwatt Package vs. dissipa-
ted Power.
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Fig. 5 gives the relationship between Rin-a) and the
power dissipation level for the P432 test pattern is
still air, on PC board and on a commercial heat sink.

IN ORDER TO HAVE AN ACCURATE VALUE FOR
OTHER DEVICES, WITH DIFFERENT DIE SIZE
AND DISSIPATING AREA, VALUES OF FIG. 5§
SHOULD BE CORRECTED THROUGH THE CA-
LIBRATION CURVE OF FIG. 4 CORRECTION
TERM IS ALWAYS IN THE RANGE OF 0-2°C/W ;
THEREFORE, IT AFFECTS THE Rih-ag OF NO
MORE THAN 5% IN STILL AIR OR WITH THE
PACKAGE MOUNTED ON PC BOARD.

TRANSIENT THERMAL RESISTANCE IN
PULSED CONDITION (without external
heat sink)

The effect of single pulses of different length and
height for the Multiwatt package without any extemal
heat sink is shown in fig. 6.

This behaviour is discussed in Appendix B. Due to
a significant thermal capacitance (C = 2J/°C) and
correspondingly long risetime (t = 80s), single
pulses up to 30W can be delivered to the Multiwatt
package for 1s with acceptable junction tempera-
ture increase.

IN ORDER TO HAVE ACCURATE R (to FOR
OTHER DEVICES, WITH DIFFERENT DIE SIZE
AND DISSIPATING AREA, VALUES OF FIG. 7
MUST BE CORRECTED AS DESCRIBED IN
EXAMPLE 2 OF THE LAST SECTION.

Figure 6 : Transient Thermal Resistance for

Repetition of pulses with defined Pg, period and du-
ty cycle DC (ratio betwen pulse length and signal
period), gives rise to oscillations in junction tempe-
rature as described in Appendix B.

The transient thermal resistance corresponding to
the upper limit of the curve of fig. B4 (peak transient
thermal resistance) is reported in fig. 7 and depends
on pulse length and duty cycle. It can be noticed that
DC becomes less effective for longer pulses.

TRANSIENT THERMAL RESISTANCE IN
PULSED CONDITION (with external heat
sink)

Characterization has been repeated with acommer-
cial heat sink (Thermalloy THM7023) in order to
have an example of the effect of an external ther-
mal mass on the impedance of the thermal module.

Relationship between transient Rt and pulse length
is reported in fig. 8.

The effect of the increased thermal capacitance is
evident in fig. 9, where thermal data of fig. 6 and 8
are compared : it can be noticed that the curves are
definitely different for pulses longer than 1s, corres-
ponding about to the rise time of the slug. The ef-
fect of the thermal mass is to keep low the heating
rate of the silicon die thus allowing a better power
management of long power pulses. This conclusion
has general validity and can be applied to other heat
sinks than the one considered in this note.

Figure 7 : Peak Transient R vs. Pulse width and

Single Pulse. Duty Cycle.
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Figure 8 : Transient R for single pulses, with
Heatsink.
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APPENDIX A

The thermal resistance evaluation is performed with
the especially designed test chip P432 which has
two bipolar power transistor and one sensing diode
(fig. A1). The active area is about 2000 mils? on a
35000mils? chip. Its lay-out was optimized in order
to have a uniform temperature area, once the two
transistor are powered ; the sensing diode is placed
at the center of this area.

Figure A1 : Test Pattern P432 Lay-out.

Figure 9 : Comparison of Transient R for single
pulses, with and without Heat Sink.
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The relationship between the forward voltage Vi of
the diode at the constant current of 100pA and the
temperature is shownin fig. A2. The curve calibrates
the junction temperature through the voltage drop
of the diode.

The measurement circuit is shown in fig. A3. A sto-
rage oscilloscope or a fast digital voltmeter can be
used for recording the Vs value.

48 L3y S5s-THOMSON
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Figure A2 : Calibration Curse (sensing diode).
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Figure A3 : Measurement Circuits.

DC. _ D.C.
SUPPLY [j f] SUPPLY
D.C. FAST
SUPPLY r DVM
PULSE __J 4< < ¥ 1 STORAGE
GENERATOR SCOPE
P432 -L
[ $-10623/

APPENDIX B - THERMAL MANAGEMENT
IN PULSED CONDITION

THERMAL RESISTANCE AND CAPACITANCE

The electrical equivalent of heat dissipation, for a
thermal module formed by the active device with its
package and the external heat sink is shown in fig.
B1.

To each cell of the thermal chain are associated a
value of thermal resistance Ri ("C/W) and a value
of thermal capacitance Ci (J/°C). The former in-
forms about temperature increase due to the ele-
ment represented by the cell ; as, in the example
under consideration, heat transfer is mainly based
on conduction for the silicon, the copper integrated
heat sink and to metallic body of the external heat
sink Rth can be calculated from the relationship :

_ Y
Rin = Kx S

where K is the thermal conductivity of the material,
the length of the conductive path and S its section.

Thermal capacitance Ct is the capability of heat ac-
cumulation ; it depends on the specific heat of the
material and on the volume effectively interested by
heat exchange (this means that the parts which are
not heated during heat dissipation DO NOT contri-
bute to thermal capacitance). Thermal capacitance
is given by :
Cth=dxctxV

where d is the density of the material, ct its specific
heat and V the volume interested to heat accumu-
lation.

The last element of the network, assumed as pure-
ly resistive, is due to convection and radiation from
the external heat sink towards the ambient.

L7 S5S-THOMSON ‘ 58
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Figure B1 : Electrical Equivalent of Multiwatt Package Mounted on the External Heatsink.
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Each cell has its own risetime 1, given by the pro-
duct of the thermal resistance and capacitance :
T = Rih x Cin

The value of the time constant determines whether
a cell approaches equilibrium rapidly of slowly : if
Rt or Cth increases, equilibrium is reached at a slo-
wer rate. The following relationship is valid for each
cell :

AT =R x Pg[1-e"](1)

Typical values of R, Ch and T for Multiwatt appli-
cation are shown in fig. B1.

When power is switched on, temperature increase
is ruled by subsequent charging of thermal capaci-
tances while the value reached in the steady state
depends on thermal resistances only. Qualitative
behaviour of the network of fig. B1 is shown in

Figure B2 : Qualitative T, increase (network of fig.
B1) for repeated Power Pulse.
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APPLICATION NOTE

SINGLE POWER PULSE

When the pulse length has an assigned value, ef-
fective T, can be significantly lower than the steady
state T, (fig. B3.).

Figure B3 : Effect of a Single Power Pulse.
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For any pulse length to, a transient thermal resis-
tance R (to) is defined, from the ratio between the
junction temperature at the end of the pulse and the
dissipated power. Obviously, for shorted pulses, R
(to) is lower and a higher power can be dissipated,
without exceeding the maximum junction tempera-
ture T;-max allowed to the IC from reliability conside-
rations. Fig. 7 and 9 of this Application Note give
experimental values of R (fo) for the two cases of
the Multiwatt package without and with external heat
sink.

REPEATED PULSES

When pulses of the same height Pq4 are repeated
with a defined duty cycle DC and pulse length is
shortin comparison with the total risetime of the sys-
tem (many tens of seconds) the train of pulses is
seen by the system as a continuous source, at a
mean power level of

Pdavg = pd x DC

The average temperature increase is :
ATavg = Rth X Pdavg = Rth X Pd x DC

On the other hand, the silicon die (t s = 1- 3ms) is
able to follow frequencies of some KHz and junction
temperature oscillates about the average as quali-
tatively shown in fig. B4.

The thermal resistance corresponding to the peak
of the oscillation at equilibrium (peak thermal resis-

tance Rinpeak) is now given by fig. 5, and can be ob-
tained if pulse length and duty cycle are known ;
Pdmax is derived from the same figure.

Figure B4 : Junction Temperature increase for
repeated Pulses.
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APPLICATION EXAMPLES

EXAMPLE 1 - MAXIMUM Pq4 FOR SINGLE
PULSE OF ASSIGNED LENGTH

PROBLEM : define the maximum Pg4 for a single
pulse with a length of 20ms in the case of Multiwatt
package used without heat sink. Ambient tempera-
ture is 50°C ; maximum temperature is 130°C. Die
size is 20K mils?, with dissipating area of 2K mils?
(as in P432 test pattern).

SOLUTION : allowed temperature increase AT is
80°C. Having a Rinj-a) of 39°C/W, Multiwatt package
can dissipate about 2W in steady state. From fig. 7
the transient thermal resistance corresponding to
one single pulse of 20ms is Rt (20ms)paz2 =
2.2°C/W. A peak of 80/2.2 = 36.3W can be applied
to the circuit.

EXAMPLE 2 - CORRECTION FOR DIE SIZE
AND DISSIPATING AREA

PROBLEM : correct the results obtained in example
1, for assigned die size and dissipating area. Prac-
tical case : IC having a die size of 35K mils® with a
dissipating area of 20k mils®.

SOLUTION : from fig. 5, thermal resistances of
P432 and of the IC under consideration are Rth p432
=2.3’C/W and Rin-c)ic = 1.2°C/W.

L7 SGs-THOMSON 78
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APPLICATION NOTE

As the length of the pulse is 10-15 times longer than
the rise time of the silicon, the die (first cell of fig. B1)
can be assumed to have reached its equilibrium
condition.

Rth (20ms) found in previous example has to be cor-
rected in order to take into account the new value of
Rth-c) :
Rth (20ms)ic = Rth (20ms)pa32 -
- Rth(j-c)P432 + Rtn(-c)ic =
=22-23+1.2°C/W=1.1"C/W

A single pulse of 80/1.1 = 72W can be delivered to
such device.

When the pulse has the same order of silicon rise
time t P432 is about 1ms) another type of correc-
tion is needed. In first approximation, T increase with
dissipating area with the relationship :

tic =V 20Kic/2Kpa32 x tP432 = 3.1ms

88 L7 S5S:THOMSON

Expansion of the exponential term of relationship (1)
limited to the first term term, is :
Rth 1c (to) = Rth P432 (to) /3.1
forto=1ms:
Rthic (1ms) = 1.05/3.1°C/W = 0.34°C/W

A single pulse of 80/0.34 = 235W can be delivered
to such device.

EXAMPLE 3 — Rth WITH REPEATED PULSES

PROBLEM : find the peak power which can be dis-
sipated by Multiwatt package without heatsink,
when power is continuously switched on 10ms and
switched off 90ms. Ambient temperature is 50°C,
maximum temperature is allowed to be 125°C.

SOLUTION :amaximum AT =75°C has to be consi-
dered. Fig. 5 indicated that for a pulse width of 10ms
and a duty cycle of 0.1, Rth peak is 6.7°C/W. Maxi-
mum Py is 75/6.7 = 11.2W, with an average tempe-
rature increase ATpeak of 39 x 0.1 x 11.2 = 43°C.
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