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is used for the VBO10 self protected switch
which features a 400V Power Darlington
capable of 10A output current with built-in
protection circuits.

SGS has also kept ahead in POWER MOS
transistors by exploiting high density cell
structures. The SGSP322HD has a reduced
chip area but equal overall performance to
the original SGSP322 so offers a cost reduc-
tion for the user.

TO-240 — The unique SGS combination of ad-
vanced chip technology in a truly “‘user friendly”’
package, gives the solution to meet all high power
system requirements.

Moving up in power, the SGST150MAQ10D1
isolated TRANSPACK module containing
SGS POWER MOS transistors is designed for
high switching speed DC motor control
applications. On resistance is as low as
0.009) and the easy drive and rugged
DMOS technology make this module ideal
for high power applications.

These advances do not stop with silicon
technology, SGS’s established expertise in
packaging has led to the recent introduction
of a fully isolated package for power transis-
tors. Used in place of the SOT-93 (T0O-218),
the ISOWATT218T™M provides guaranteed
isolation of 4kV DC and compliance with
VDE specifications for creepage distance and
clearance in electrical equipment.

All of these products are included in this
book, along with the application informa-
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tion you’ll need to use them. The Motion
Control Application Manual also contains a
selection of SGS’ innovative power supply
products which will be useful in your
system.

Dependable Delivery

Advanced technology and innovation are
just two of the reasons for SGS’ remarkable
growth performance. The third is manufac-
turing science — the ability to produce ad-
vanced products in high volumes, depend-
ably, and with competitive quality & re-
liability. Just for bipolar linear and mixed
bipolar/MQOS ICs SGS has four 5 wafer
fabs — in France, lItaly and Singapore.
Another two state-ofthe-art 5 wafer fabs
are dedicated to power transistor produc-
tion. In addition, the companty has highly-
automated assembly facilities in [taly,
France, Malta, Malaysia and Singapore.

SGS also has local design centers in all major
semiconductor markets — USA, England,
France, West Germany, Singapore and Italy
— to speed the development of new products
to satisfy the special needs of your applica-
tion. And a worldwide network of sales
offices and distributors means that SGS
technology is never far away.

¥

New diffusion facilities give SGS the advantage in

Service, Quality and cost. State-of-the-art 5
wafer fabs are used for both linear ICs and power
transistors.



PRODUCT SELECTOR (Integrated Circuits)

Applications

Type and Functions

DC MOTORS

L290 — Tachometer Converter

L291 — 5 Bit D/A Converter and Position Amplifier
L292 — Switch-Mode Driver for DC Motors

L149 — 4A Linear Driver

L165 — 3A Power Operational Amplifier

L272/M — Dual Power Operational Amplifiers

L2720/2 — Low Drop Dual Power Operational Amplifiers
L293/E — Push-Pull Four Channel Drivers

L293C — Push-Pull Four Channel/Dual H-Bridge Driver
L293D — Push-Pull Four Channel Driver With Diodes
L298N — Dual Full-Bridge Driver

L9350 — Low Saturation Driver

TDA7272 — Full Bridge DC Motor Regulator
TDA8115 — Dual Motor Driver

DISPLAYS
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M5450/1 — Led Display Drivers

M5480/81/82 — Led Display Drivers

L3654S — Printer Solenoid Driver

L.601/2/3/4 — Darlington Arrays
ULN2001A/2A/3A/4A — Seven Darlington Arrays
ULQ2001R/2R/3R/4R — Seven Darlington Arrays

SPECIAL FUNCTIONS
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AM26LS31 — Quad High Speed Differential Line Driver
AM26LS32/3 — RS422 and RS423 Quad Differential Line Receivers
MC1488 — RS232C Quad Line Driver

MC1489/A — Quad Line Receiver

DAC0806/7/8 — 8 Bit D/A Converters

AM6012/A — 12 Bit High Speed Multypling D/A Converters
L6570A/B — 2-Channel Floppy Disk Read/Write Circuits

POWER SUPPLIES
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L200 — Adjustable Voltage and Current Regulator

L296/P — High Current Switching Regulators

L387A — Very Low Drop 5V Regulator

L4901/2/3/4 — Dual 5V Regulators with Reset

L4920/1 — Very Low Drop Adjustable Regulators

L4941 — Very Low Drop 1A Regulator

L4960/2 — Power Switching Regulators
SG1524/1525/1527/2524/2525/2527/3524/3525/3527 — Regulating Pulse
width modulator

TDA4601 — Switch-Mode Power Supply Controller

TDAB8130/2 — Current Mode PWM Controllers

TL7700 series — Supply Voltage Supervisors

UC1840/2840/3840 — Programmable, Off-Line, PWM Controllers
UC1842/3/4/5 - UC2842/3/4/5 - UC3842/3/4/5 — Current Mode PWM
Controllers




PRODUCT SELECTOR (Transistors, Diodes and TO-240 Modules)

DC MOTORS
ocC
Su-1444
220V ~ 96V 48v 28V
Type A Type VA Type \VA|  Type  [Reting)
SGS50DA045D | 15 | SGS100DA025D | 10 | SGS150MA010D1 | 3.5 | SGSP592/492 | 25.0
SGS40TA045D | 12 BURS1 3.0 BUR50 2.0 | SGSP482/382 | 15.0
SGS30MAO50D1 | 4.0 | SGSP677/477 1.0 | SGSP571/471 0.7 | SGSP422/322 | 65
SGSP574/474 1.8 | SGSP567/467 05 | SGSP561/461 0.4 | SGSP358 4.0
SGSP579/479 15 2N7056 1.0
2N7059 15
SGSD310 4.0
BUX98A 5.0
BUX48A 2.5
BUW42 2.5
BUW32 15
BUW22 1.0
STEPPER MOTORS
SU-1447
200V 96V 48v 28V
Config. Config. Config. Config.
Type Rating, A Type Rating, A Type Rating, A Type Rating, A
BUR20 25.0 BURS50 350 |SGSD100 10.0 BDW93 5.0
BUV21 12.0 BUV20 25.0 | SGSD200 -10.0 BDW94 -5.0
BUV22 10,0 BUX10P 10.0 BDW93C 5.0 | SGSP386 25.0
BUX11 6.0 BDX53F 2.0 BDW94C -5.0 | SGSP592/492 | 25.0
SGSP573/473 | 13.0 BDX54F -2.0 BDX53C 3.0 | SGSP482/382 | 15.0
SGSP463/363 6.5 | SGSP577/477| 13.0 BDX54C -30 | SGSP422/322| 6.5
SGSP516/316 3.5 | SGSP467/367| 65 |SGS132 4.0 | SGSP358 3.0
SGSP517/317| 35 | SGS137 -4.0
SGSP572/472 | 190
SGSP562/362 | 10,0
SGSP512/312| 45
SGSP352 3.0
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ALPHANUMERICAL INDEX continuea

Type Functions Page
L293D PUSH-PULL FOUR CHANNEL DRIVERWITHDIODES ... ......... 407
L293E PUSH-PULL FOUR CHANNELDRIVER . . .. ... ... ... .. 395
L294 SWITCH-MODE SOLENOIDDRIVER . .. . ... .. i 411
L295 DUAL SWITCH-MODE SOLENOIDDRIVER . ... ... ... v 417
L296 HIGH CURRENT SWITCHING REGULATOR ................... 423
L296P HIGH CURRENT SWITCHING REGULATOR .. ................. 423
L297 STEPPER MOTOR CONTROLLER .. .. ... .. i 443
L297A STEPPER MOTOR CONTROLLER ... .. ... i 443
L298N DUAL FULL-BRIDGE DRIVER .. ... ... . . . i 453
L387A VERY LOW DROP 5V REGULATOR .. ... .. .. i 459
L601 DARLINGTON ARRAY . .. e 463
L602 DARLINGTON ARRAY . .. e e e e e 463
L603 DARLINGTON ARRAY . .. e e e e 463
L604 DARLINGTON ARRAY . .o e e e e e e e 463
L702 2A QUAD DARLINGTON SWITCH . .. ... i 467
L2720 LOW DROP DUAL POWER OPERATIONAL AMPLIFIER ........... 471
L2722 LOW DROP DUAL POWER OPERATIONAL AMPLIFIER ........... 471
L3654S PRINTER SOLENOID DRIVER . ... ... e 479
L4901 DUAL 5V REGULATORWITH RESET . . ... ... ... ... . . . 483
L4902 DUAL 5V REGULATOR WITH RESET AND DISABLE FUNCTIONS ... 493
L4903 DUAL 5V REGULATOR WITH RESET AND DISABLE FUNCTIONS ... 503
L4904 DUAL 5V REGULATORWITHRESET ... .. .. .. ... 511
L4920 VERY LOW DROP ADJUSTABLE REGULATOR .. ............... 519
L4921 VERY LOW DROP ADJUSTABLE REGULATOR . ... ............. 519
L4941 VERY LOW DROP 1A REGULATOR .. ... ... .. ... .. 523
L4960 2.5A POWER SWITCHING REGULATOR . .. ... ... ... ... ...... 529
L4962 1.5A POWER SWITCHING REGULATOR . ...... ... ... .. ... ... 543
L5832 SOLENOID CONTROLLER . . .. o i e e 555
L6100 100V-1A, QUAD DMOSPOWER SWITCH . .. .. .. .. ... .. 567
L6101 100V-1A, QUAD DMOSPOWERSWITCH . .. ... ... .. ... ..... 567
L6102 100V-1A, QUAD DMOS POWER SWITCH . . ... ... ... ... .. ...... 567
L6202 1.5ADMOS FULLBRIDGEDRIVER . ... ... .. 571
L6203 3ADMOS FULLBRIDGEDRIVER ... ... .. ... 579
L6207 DUAL FULLBRIDGEDRIVER . . .. .. e 587
L6209 3A FULL BRIDGE DRIVERWITHDIODES .................... 593
L6210 DUAL SCHOTTKY DIODEBRIDGE . . . ... ... .. i 599
L6212 HIGH CURRENT SOLENOIDDRIVER . ... ... .. i 603
L6217 STEPPER MOTOR DRIVER ... ... . . i 609
L6217A STEPPER MOTOR DRIVER ... .. i 617
L6221A QUAD DARLINGTONSWITCH . ... ... e 625
L6221N QUAD DARLINGTONSWITCH . . .. ... e 625
L6222 QUAD TRANSISTORSWITCH . ... ... .. i 629
L6230 BIDIRECTIONAL THREE-PHASE BRUSHELESS DC MOTOR DRIVER . 633
L6231 THREE-PHASE BRUSHLESS DCMOTORDRIVER . .............. 641
L6233 PHASE LOCKED FREQUENCY CONTROLLER . .. ............... 649
L6503 HAMMER SOLENOID CONTROLLER . ........ ... ... ... 657
L6504 SOLENOID CONTROLLER . . . .ot e e e e 663
L6506 CURRENT CONTROLLER FOR STEPPING MOTORS ............. 671
L6570A 2-CHANNEL FLOPPY DISK READ/WRITECIRCUIT . .. ........... 677
L6570B 2-CHANNEL FLOPPY DISK READ/WRITECIRCUIT . .. ........... 677
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Type Functions Page
$GS25DB080D TRANSPACK NPN POWER DARLINGTON MODULE ... ........... 975
SGS30DA060D TRANSPACK NPN POWER DARLINGTONMODULE ... ........... 983
SGS30DA070D TRANSPACK NPN POWER DARLINGTON MODULE .. ............ 983
SGS30DB040D TRANSPACK NPN POWER DARLINGTON MODULE ... ........... 991
SGS30DB045D TRANSPACK NPN POWER DARLINGTONMODULE ... ........... 991
SGS30MA050D1 | TRANSPACK N-CHANNEL POWER MOSMODULE .. ............. 999
SGS35MA050D1 | TRANSPACK N-CHANNEL POWER MOSMODULE .. ............. 1003
SGS35R120 HIGH SWITCHING SPEED RECTIFIER . ........... ..., 1007
SGS40TA045 TRANSPACK NPN POWER TRANSISTOR MODULE . ............. 1009
SGS40TA045D TRANSPACK NPN POWER TRANSISTOR MODULE . ............. 1009
SGS45R80 HIGH SWITCHING SPEED RECTIFIER .. ..................... 1017
SGS50DA045D TRANSPACK NPN POWER DARLINGTON MODULE . .. ........... 1019
SGS50DB040D TRANSPACK NPN POWER DARLINGTON MODULE . ... .......... 1027
SGS50DB045D TRANSPACK NPN POWER DARLINGTON MODULE . . ............ 1027
SGS60R40 HIGH SWITCHING SPEED RECTIFIER ....................... 1035
SGS80DA020D TRANSPACK NPN POWER DARLINGTON MODULE . .. ........... 1037
SGS100DA025D | TRANSPACK NPN POWER DARLINGTON MODULE . .. ........... 1045
SGS100MA010D1 | TRANSPACK N-CHANNEL POWER MOSMODULE .. ............. 1051
SGS150MA010D1 | TRANSPACK N-CHANNEL POWERMOSMODULE .. ............. 1055
SGS10004 HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR . . ........ 1059
S$GS10004P HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR . .. ... .... 1059
S$GS10005 HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR . . ... ... .. 1059
SGS10005P HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR .. . .. ... .. 1059

~ SGSD00030 HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR .. ........ 1063
*-8GSD00031 HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR .. ... ..... 1063
SGSD310 HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR ... ....... 1069
SGSD311 HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR . . ........ 1069
SGSID311 HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR .. ... ... .. 1069
SGSID312 HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR ... ....... 1063
SGSIP464 HIGH SPEED SWITCHINGPOWERMOS . ... ......... ... ... .... 1083
SGSIP465 HIGH SPEED SWITCHINGPOWERMOS . . .. ...... ... ... ....... 1083
SGSIP466 HIGH SPEED SWITCHINGPOWERMOS . ... ......... ... ... .... 1083
SGSIP468 HIGH SPEED SWITCHINGPOWERMOS . . .. ................... 1087
SGSIP469 HIGH SPEED SWITCHINGPOWERMOS . . . .......... ... ....... 1087
SGSIP473 HIGH SPEED SWITCHINGPOWERMOS . . .. ... ............... 1095
SGSIP474 HIGH SPEED SWITCHINGPOWERMOS . . .. ................... 1099
SGSIP475 HIGH SPEED SWITCHINGPOWERMOS . . .. ... ... ... ... ..... 1099
SGSIP476 HIGH SPEED SWITCHINGPOWERMOS . . . ... ... ... ... ..... 1099
SGSIP477 HIGH SPEED SWITCHINGPOWERMOS . . . .................... 1095
SGSIP478 HIGH SPEED SWITCHINGPOWERMOS . . ... ....... ... ....... 1103
SGSIP479 HIGH SPEED SWITCHINGPOWERMOS . . ... ... ... .. ... ....... 1103
SGSiv4s HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR . . ... ... .. 925
SGSIV48A HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR ... ....... 925
SGSIv4sCc HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR . ... ...... 933
SGSIW32 HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR . ......... 915
SGSIW32A HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR .. ... ... .. 915
SGSIw42 HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR . .. ....... 921
SGSIW42A HIGH VOLTAGE POWER SWITCHING NPN TRANSISTOR . . ........ 921
SGSP221 HIGH SPEED SWITCHINGPOWERMOS . ... ......... ... ... .... 1075
SGSP222 HIGH SPEED SWITCHINGPOWERMOS . ... ... ... ... ... ..... 1075
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Type Functions Page
TDA8116 FOUR PHASE BRUSHLESS MOTORDRIVER . . .. ............... 819
TDA8130 CURRENT MODE PWM CONTROLLER ....................... 823
TDA8132 CURRENT MODE PWM CONTROLLER .. .... ... ... ... ........ 829
TL7700 series SUPPLY VOLTAGE SUPERVISORS . .. ... ... ... ... ... ... ... 835
uc1840 PROGRAMMABLE, OFF-LINE, PWM CONTROLLER . . ... ......... 839
uCc1842 CURRENT MODE PWM CONTROLLER .. ... ... ... ........... 849
uUC1843 CURRENT MODE PWM CONTROLLER .. ........ ... .. ........ 849
uc1844 CURRENT MODE PWM CONTROLLER .. ............. ... ...... 849
uCc1845 CURRENT MODE PWM CONTROLLER .. ....... ... .. .. ....... 849
uCc2840 PROGRAMMABLE, OFF-LINE, PWM CONTROLLER . ... ... ....... 839
uc2842 CURRENT MODE PWM CONTROLLER .. .......... ... ........ 849
uc2843 CURRENT MODE PWM CONTROLLER . ... ... .. ... .. ... ...... 849
uc2844 CURRENT MODE PWM CONTROLLER .. ....... .. ... ... ........ 849
uCc2845 CURRENT MODE PWM CONTROLLER .. ...... ... ... ........ 849
uCc3840 PROGRAMMABLE, OFF-LINE, PWM CONTROLLER . ... ... ....... 839
ucC3842 CURRENT MODE PWM CONTROLLER .. ....... ... ... .. ...... 849
uC3843 CURRENT MODE PWM CONTROLLER .......... T 849
uCc3844 CURRENT MODE PWM CONTROLLER ... ....... ... ... ... 849
ucC3845 CURRENT MODE PWM CONTROLLER . ... ..... ... .. ........ 849
ULN2001A SEVEN DARLINGTON ARRAY . .. . i e 857
ULN2002A SEVEN DARLINGTON ARRAY . ... i e e 857
ULN2003A SEVEN DARLINGTON ARRAY . .. .. e i e 857
ULN2004A SEVEN DARLINGTON ARRAY . .. . e e i 857
ULN2064B 50V-1.5A QUAD DARLINGTONSWITCH . . .. ... ...... . ..... ... 861
ULN2065B 80V QUAD DARLINGTONSWITCH . . . ... .. .. . i i 869
ULN2066B 50V QUAD DARLINGTONSWITCH . . .. ... ... ... ... .. 861
ULN2067B 80V QUAD DARLINGTONSWITCH . . . . ... ... i 869
ULN2068B 50V QUAD DARLINGTONSWITCH . . . .. .. ... o i 861
ULN2069B 80V QUAD DARLINGTONSWITCH . ... ... ... . e 869
ULN2070B 50V QUAD DARLINGTONSWITCH . . . .. .. ... e 861
ULN2071B 80V QUAD DARLINGTONSWITCH . . . .. ... o e 869
ULN2074B 50V QUAD DARLINGTONSWITCH . . . .. .. ... i i 861
ULN2075B 80V QUAD DARLINGTONSWITCH . .. . ... ... . e 869
ULN2076B 50V QUAD DARLINGTONSWITCH . .. .. ... ... i 861
ULN2077B 80V QUAD DARLINGTONSWITCH . .. . .. .. o e 869
ULN2801A EIGHT DARLINGTON ARRAY . . . ... e e e v 875
ULN2802A EIGHT DARLINGTON ARRAY . . .. .. i e 875
ULN2803A EIGHT DARLINGTON ARRAY . . . .. e 875
ULN2804A EIGHT DARLINGTON ARRAY . . . . e 875
ULN2805A EIGHT DARLINGTON ARRAY . . .. .. e e e e e 875
ULQ2001R SEVEN DARLINGTON ARRAY . .. . e e e 881
ULQ2002R SEVEN DARLINGTON ARRAY . .. e e i 881
ULQ2003R SEVEN DARLINGTON ARRAY . ... . . e e 881
ULQ2004R SEVEN DARLINGTON ARRAY . . . .. e 881
VBO010 HIGH VOLTAGE INTELLIGENT DARLINGTON . . .. ............. 885
VvB100 HIGH VOLTAGE INTELLIGENT CONTROLLER . ... ............. 887
2N7056 HIGH SPEED SWITCHINGPOWERMOS . . . ...... ... ... . ... 1107
2N7059 HIGH SPEED SWITCHINGPOWERMOS . . . .. ... .. ... .. 1111
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NEW DEVELOPMENTS IN INTELLIGENT
POWER TECHNOLOGY

Recent developments in power IC technology greatly expand the capabilities of integrated
circuits combining control circuits and high power drive stages. This note describes the new
power processes, new packages and the latest generation of power [Cs.

While chips integrating both signal and power ele-
ments have been with us for several years, recent
developments have greatly expanded the capa-
bilities of these technologies. With the latest pro-
cesses designers can integrate many circuits that
were previously uneconomic or simply impossible.
Moreover, the enlarged horizons of intelligent
power technology —and packaging—are prompting
new trends in the partitioning of systems.

Not only are intelligent power ICs becoming more
common, they are also becoming more intelligent,
to the point where designers can aim to integrate a
complete power subsystem. Moreover, the current
and voltage capabilities of these technologies have
increased dramatically, enlarging the field of appli-
cations. :

Since system designers are often responsible for
partitioning electronic systems and specifying new
devices it is important for them to understand the
capabilities of the latest technologies. This is now
more true than ever, both because IC technology
has advanced so rapidly and because the latest
generation of power ICs have a much greater
‘system’ content.

THE NEW TECHNOLOGIES

Intelligent power technologies have evolved from
two earlier species: linear IC technology and dis-
crete transistor technology.

Processes of the first type are enhancements of the
basic planar IC structure where all of the connec-
tions are on the top surface of the chip.In contrast,

those intelligent power technologies that have been
developed from discrete transistor processes have a
collector, or drain, contact on the lower surface of
the die. A fundamental consequence of this struc-
tural difference is that with processes of the first
type it is possible to integrate any number of
isolated power transistors and interconnect them in
any configuration. SGS calls these Multipower pro-
cesses.

Where a bottom contact is used it is only possible
to integrate a single power transistor, or several
with common collectors (or drains), therefore
configurations such as the H-bridge cannot be in-
tegrated but higher current and voltage capability
of several hundred volts is possible. SGS has named
this type of process VIPower ™ (Vertical Intelligent
Power). Both technologies can be further sub-
divided into those which are pure bipolar and
mixed technologies containing a mixture of bipolar
and MOS structures. In both fields significant pro-
gress has been made recently.

PURE BIPOLAR MULTIPOWER
PROCESSES

Just how far bipolar technology has advanced is
illustrated by SGS' new Multipower-S2P? and
Multipower~HDS?P? processes.

Multipower-S*P? (figure 1) is a 60V process that
integrates bipolar linear, IIL logic, NPN and PNP
power transistors and a new low leakage diode
structure.

Fig. 1 - Mulitipower-S*P?, a 60V bipolar process, combines linear, IIL logic, ICV PNP power transistors

and low leakage diodes.
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Multipower-HDS?P?® (figure 4) is a similar pure
bipolar process. Like Multipower-S*P? it integrates
linear, 1L, LLD and ICV PNP structures. In ad-
dition it also offers ECL logic.

But the most important characteristic of this pro-
cess is high density. Dimensioned for 20V capa-
bility, it is aimed at low voltage applications where
more complex signal processing circuits are needed
—up to 270 |IL gates can be shoehorned into one
square millimeter of silicon.

Multipower-HDS?P? is also characterized by an

exceptionally high current density: 6A/mm? for
NPN transistors; 2A/mm? for PNP (at Vga= 1V
and Hge= 10).

This process has been applied to produce a custom
stepper motor control/drive chip, where the high
density of the process allows translator and chop-
per circuits to be integrated economically on the
power drive chip. It is also used for a new 1.5A
voltage regulator, the L4940, where the ICV PNP
provides very low voltage drop and low quiescent
current.

Fig. 4 - Multipower HDS? P* is a 20V process characterized by very high density in the signal part (270
11L gates/mm*) and exceptionally high current density.
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MIXED MULTIPOWER TECHNOLOGY

Another area where remarkable progress has been
made is in mixed bipolar/MOS technology. Though
several mixed technologies of the ‘vertical’ type are
available, a much more significant development is
SGS' Multipower-BCD process (figure 5), which
combines linear, CMOS logic and DMOS power
transistors without placing any limit on the num-
ber and connection of the power devices.

Thanks to the DMOS power transistors this process
allows efficiencies above 95% and switching fre-
quencies up to 500kHz. In addition, there are no
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secondary breakdown limitations, paralleling of
devices is simpler and there is an intrinsic ‘fast’
recirculation diode in the power DMOS structure
which is adequate for most applications.

For intelligent power devices the very high ef-
ficiency of power DMOS is an important advantage.
The power output of a chip is limited by the maxi-
mum dissipation allowed in the package. By reduc-
ing dissipation in the chip it is possible to put
power ICs in low cost packages with modest power
handling capability. Alternatively, packaged in
existing high power packages, DMOS chips can
deliver hitherto unreachable power levels.

Fig. 5 - A mixed technology, Multipower-BCD integrates linear, CMOS logic and power DMOS devices on
the same chip. Unlike other mixed technologies it places no limit on the number or connection of the

power transistors.
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VERTICAL PROCESSES

While the ““Multipower’’ processes are more versa-
tile SGS is also developing bipolar and mixed
vertical technologies, called VIPower-M1 and
VIPower-M2.

VIPower-M1 (figure 8) combines 400V NPN power
transistors and bipolar low voltage (up to 30V
Vceo! drive circuits, while VIPower-M2 (figure 9)
will offer 80V DMOS power transistors and mixed
CMOS/bipolar drive circuits.

Though these processes cannot be used for devices
with bridge and half-bridge output stages, they
offer higher voltage capability and VIPower-M2
features a lower ON resistance than Multipower-
BCD.

VIPower-M2 is suitable for applications such as
high current high side drivers and DC-DC conver-
ters while VIPower-M1 is suitable for applications
like high voltage solenoid drivers, motor drives and
off-line power supplies.

Fig. 8 - VIPower-M1 technology integrates 400V NPN power transistors and 30V drive circuitry.

CEB
!

B EC

POWER®COLLECTOR
I

| L

NPN POWER

NPN PNP

S- 9429

Fig. 9 - Another ‘vertical’ power process, VIPower-M2 combines 80V DMOS power transistors and mixed

CMOS /bipolar drive circuits.
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The first products proposed in VIPower-M1 are
400V 5A to 10A NPN darlington switches (figure
10) with direct logic compatible drive. In addition
on chip thermal, overcurrent and overvoltage

sensing can shutdown the power switch and
provide a diagnostic output to inform the system
microprocessor of the overload condition.
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Fig. 11 - The leadframe -of a plastic chip carrier can be modified to reduce thermal resistance. This ‘33+11°

lead configuration allows power dissipation up to 2W

Fig. 12 - For power dissipation above 2W new surface mounting packages are being developed. This type,
compatible with SO-package handling equipment, has a thermal resistance of about 5°C/W.

S-9434

In view of this trend there is now considerable in-
terest in high conductivity substrates and the
various alternatives, such as a plastic board bonded
to an aluminum or copper sheet. Plated-through
holes in the PCB reduce the thermal resistance
between the package and the metal sheet.

Another deveiopment area is the inclusion of a
copper heat spreader on the under-side of plastic
chip carriers. These power chip carriers will, like
many new packages, be pre-molded types, which
eliminates stress on the die caused by polym-
erization shrinkage of the molding resin.

New packaging concepts are being studied for chips
like the L9480 which need no external compo-
nents. Since there is no need to mount such devices
on a substrate they will probably be assembled in
packages designed to be bolted to the load (figure
13) and equipped with ‘Faston’-type connectors.
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Through holes

Fig. 13 - New packaging concepts are being studied
for ‘silicon-only’ circuits where there is no point
in mounting the device on a conventional substrate
because there are no other components needed.

Fig. 14 - In the ISOWATT-218 package the copper
frame is completely surrounded by molding resin
to isolate the device from the heatsink.




A HIGH EFFICIENCY, MIXED-TECHNOLOGY
MOTOR DRIVER

A new mixed technology called Multipower-BCD allows the integration of bipolar linear
circuits, CMOS logic and DMOS power transistors on the same chip. This note describes a
H-bridge motor driver IC realized with this technology.

The miniaturization and integration of complex
systems and subsystems has led in recent years to
the implementation of monolithic circuits inte-
grating logic functions and power sections.

For these applications SGS has developed a new
technology called Multipower BCD which allows
the integration on the same chip of isolated Power
DMOS elements, bipolar transistors and C-MOS
logic.

Thanks to high efficiency, fast switching speed and
the absence of secondary breakdown, this tech-
nology is particularly suitable for fast, high current

solenoid drivers and high frequency switching
motor control. The free-wheeling diode intrinsic to
the DMOS structure (necessary if the device
drives an inductive load) and the great flexibility
available in the choice of the logic and driving sec-
tion components allow the complete integration of
power actuators without further expense in silicon
area-and a compact implementation of complex
signal functions.

This technology has been applied to produce a
switching power driver — the L6202/3 — capable
of delivering 4A per phase, which is suitable for
speed and position control in D.C. motor appli-
cations,

Fig. 1 - A schematic cross section of Bipolar, C-MOS, DMOS structures (BCD)
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Fig. 3 - L6202-6203 BLOCK DIAGRAM
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The integrated circuit has 3 Inputs: Enable, Input
1, Input 2. When Enable is ‘low’’ all power devices
are off; when it is ’high’’ their conduction state is
controlled by the logic signals Input 1 and Input 2
that drive independently a single branch of the full
bridge. When Input 1 (Input 2) is “high” DMOS 1
(DMOS 1') is “on” and DMOS 2 (DMOS 2') is
“off"”’, when is “low’” DMOS 1 (DMOS 1) is “‘off"’
and DMOS 2 (DMQS 2') is "‘on"’,

A thermal protection circuit has been included that
will disable the device if the junction temperature
reaches 150°C. When the thermal protection is
removed the device restarts under the control of
the Input and Enable signals.

ON-OFF SYNCHRONIZATION CIRCUIT

ON-OFF synchronization of the power devices
located on the same leg of the bridge must prevent
simultaneous conduction, with obvious advantages
in terms of power dissipation and of spurious
signals on the ground and on sensing resistors,

Because of the very short turn-on, turn-off times
characteristic of POWER MOS devices a dead time
(time in which all power transistors are ‘‘off’’) of
40 ns is sufficient to prevent rail-to rail shorts. The
circuit that provides this time interval is shown in
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fig. 4 with the voltage waveforms that explain how
it works. Let us suppose Enable = “high’’. Because
of the delay times introduced by INV1 and INV2,
V2 and V3 are two waveforms contained one in
the other and of polarity suitable to assure that the
turn-on of a power transistor happens only after
the turn-off of the other. The gate voltages V5 and
V6 of DM1 and DM2 are represented in fig. 5. In
fig. 3 we can see also the modality of operation of
the Enable signal, charge pump and bootstrap
circuits.

Concerning POWER MOS driving, it must be noted
that it is necessary to assure to all DMOS N-channel
a gate-source voltage of about 10V to guarantee
full conduction of the POWER MOS itself. While
there are no particular problems for driving the
lower POWER MOS device (its terminals is referred
to ground) for the upper one it is necessary to pro-
vide a gate voltage higher than the positive supply
because it has the drain connected to the positive
supply itself.

This is obtained using a system that combines a
charge pump circuit, that assures DC operation,
with a boostrapping technique suitable to provide
high switching requencies. The circuit that satisfies
to all these requirements is represented in the
schematic diagram of fig. 6.



Fig. 6 - Schematic representation of charge PUMP and BOOSTRAP circuit used to drive the gate of the

upper DMOS device
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Fig. 7 - Charge PUMP abilitation signal and gate
voltage of DMOS upper device
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Neglecting the power dissipation in the driving sec-
tion, in static conditions, the total dissipation of
the two stages when they are’’on’’is in the case (a):

Pa@) = (VcesaTi + Vee2) X I

and in the case (b):

Pa(b) = Ros(on) x .2
where ||_is the load current.

Because the saturation loss of a power DMOS
transistor can be reduced by increasing the silicon
area it is possible to satisfy the condition

Rps-on* 1L < (VeesaTy + Vee2)

and then to obtain lower dissipation.

Concerning to the driving section, an other essen-
tial difference must be emphaisised,

While in case {a) during the time in which the
power is “ON’’ it is necessary to supply a current
for maintaining Q1 saturated, in the case (b) power
is dissipated only during the commutation of the
gate voltage.

About AC operation, it must be noted that the
greatest advantage, always in terms of power dissi-
pation, is due to the inherently fast turn-on, turn-
off times of power MOS devices. In fact, if we
suppose that the load is of inductive type and that
the current waveform is triangular on the voltage
commutation of the output, the total power dissi-
pation is:

Pqg=Vs ! Tcom. fswitcH



STEPPER MOTOR DRIVING

Dedicated integrated circuits have dramatically simplified stepper motor driving. To apply
these ICs designers need little specific knowledge of motor driving techniques, but an under-
standing of the basics will help in finding the best solution. This note explains the basics of
stepper motor driving and describes the drive techniques used today.

From a circuit designer’'s point of view stepper
motors can be divided into two basic types:
unipolar and bipolar.

A stepper motor moves one step when the direc-
tion of current flow in the field coil(s) changes, re-
versing the magnetic field of the stator poles. The
difference between unipolar and bipolar motors lies
in the may that this reversal is achieved (Figure 1):

Fig. 1a - BIPOLAR — with one field coil and two
chargeover switches that are switched
in the opposite direction.

Fig. 1b -~ UNIPOLAR — with two separate field
coils and are chargeover switch.
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Fig. 2 - ICs for unipolar and bipolar driving
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quency, the current no longer reaches its saturating
value because of the limited change time; the
power and also the torque diminish clearly at
increasing number of revolutions (Fig. 5).

MORE TORQUE AT A HIGHER NUMBER
OF REVOLUTIONS

Higher torque at faster speeds are possible if a
current generator as shown in Fig. 4b is used.
In this application the supply voltage is chosen
as high possible to increase the current’s rate
of change. The current generator itself limits only
the phase current and becomes active only the
moment in which the coil current has reached its
set nominal value. Up to this value the current
generator is in saturation and the supply voltage
is applied directly to the winding.

Fig. 6, shows that the rate of the current increase
is now much higher than in Figure 5. Conse-
quently at higher step rates the desired current can
be maintained in the winding for a longer time.
The torque decrease starts only at much higher
speeds.

Fig. 7 shows the relation between torque and speed
in the normal graphic scheme, typical for the
stepper motor. It is obvious that the power in-
creases in the upper torque range where it is
normally needed, as the load to be driven draws
most energy from the motor in this range.

Fig. 6 - With a step current slew it is not a problem
to obtain, even at high step frequencies
sufficient current in windings.
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Fig. 7 - Constant current control of the stepper
motor means more torque at high fre-
quency.
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EFFICIENCY - THE DECISIVE FACTOR

The current generator combined with the high
supply voltage guarantees that the rate of change
of the current in the coil is sufficiently high.

At the static condition or at low numbers of
revolutions, however, this means that the power
loss in the current generator dramatically increases,
although the motor does not deliver any more
energy in this range; the efficiency factor is ex-
tremely bad.

Help comes from a switched current regulation
using the switch-transformer principle, as shown in
Fig. 8. The phase winding is switched to the supply
voltage until the current, detected across Rg,
reaches the desired nominal value. At that moment
the switch, formerly connected to +Vg, changes
position and shorts out the winding. In this way
the current is stored, but it decays slowly because
of inner winding losses. The discharge time of the
current is determined during this phase by a
monostable or pulse oscillator. After this time one
of the pole changing switches changes back to +Vg,
starting an induction recharge and the clock-re-
gulation-cycle starts again.

Since the only losses in this technique are the
saturation loss of the switch and that of the coil
resistance, the total efficiency is very high.

The average current that flows from the power
supply line is less than the winding current due to
the concept of circuit inversion. In this way also
the power unit is discharged. This king of phase
current control that has to be done separately
for each motor phase leads to the best ratio be-
tween the supplied electrical and delivered mech-
anical energy.

POSSIBLE IMPROVEMENTS OF THE
UNIPOLAR CIRCUIT

It would make no sense to apply the same principle
to a stabilized current controlled unipolar circuit,
as two more switches per phase would be necessary
for the shortening out of the windings during the
free phase and thus the number of components
would be the same as for the bipolar circuit; and
moreover, there would be the well known torque
disadvantage.



ADVANTAGES AND DISADVANTAGES
OF THE HALF-STEP

An essential advantage of a stepper motor oper-
ating at half-step conditions is its position resolu-
tion increased by the factor 2. From a 3.6 degree
motor you achieve 1.8 degrees, which means 200
steps per revolution.

This is not always the only reason. Often you are
forced to operate at half-step conditions in order
to avoid that operations are disturbed by the
motor resonance. These may be so strong that the
motor has no more torque in certain step fre-
quency ranges and looses completely its position
(Fig. 10). This is due to the fact that the rotor of
the motor, and the changing magnetic field of the
stator forms a spring-mass-system that may be
stimulated to vibrate. In practice, the load might
deaden this system, but only if there is sufficient
frictional force.

Fig. 10 - The motor has no more torque in
certain step frequency ranges with full
step driving.
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In most cases half-step operation helps, as the
course covered by the rotor is only half as long
and the system is less stimulated.

The fact that the half-step operation is not the
dominating or general solution, depends on certain
disadvantages:

— the half-step system needs twice as many clock-
pulses as the full-step system; the clock-fre-
quency is twice as high as with the full-step.

— In the half-step position the motor has only
about half of the torque of the full-step.

For this reason many systems use the half-step
operation only if the clock-frequency of the motor
is within the resonance risk area.
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The dynamic loss is higher the nearer the load
moment comes to the limit torque of the motor.
This effect decreases at higher numbers of revolu-
tions.

TORQUE LOSS COMPENSATION IN THE
HALF-STEP OPERATION

It's clear that, especially in limit situations, the
torque loss in half-step is a disadvantage. If one has
to choose the next larger motor or one with a
double resolution operating in full-step because
of some insufficient torque percentages, it will
greatly influence the costs of the whole system.

In this case, there is an alternative solution that
does not increase the coats for the bipolar chopp-
ing stabilized current drive circuit.

The torque loss in the half-step position may be
compensated for by increasing the winding current
by the factor / 2 in the phase winding that re-
mains active. This is also permissible if, according
to the motor date sheet, the current limit has
been reached, because this limit refers always to
the contemporary supply with current in both
windings in the full-step position. The factor </ 2
increase in current doubles the stray power of the

Fig. 11 - Half step driving with shaping allows to
increase the motor’s torque to about
95% of that of the full step.
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DRIVE SIGNALS FOR THE MICRO
ELECTRONIC

A direct current motor runs by itself if you supply
if with voltage, whereas the stepping motor needs
the commutation signal in for of several sep-
arated but linkable commands. In 95% of the
applications today, the origin of these digital
commands is a microprocessor system.

In its simplest form, a full-step control needs
only two rectangular signals in quadrature. Ac-
cording to which phase is leading, the motor
axis rotates clockwise or counter-clockwise,
whereby the rotation speed is proportional to the
clock frequency.

In the bhalf-step system the situation becomes
more complicated. The minimal two control
signals become four control signals. In some
conditions as many as six signals are needed. if
the Tri-state-command for the phase ranges
without current, necessary for high motor speeds,
may not be obtained from the 4 control signals.
Fig. 12 shows the relationship between the phase
current diagram and the control signal for full
and half-step.

Since all signals in each mode are in defined
relations with each other, it is possible to generate

them using standard logic. However, if the pos-
sibility to choose full and half-step is desired, a
good logic implementation becomes quite ex-
pensive and an application specific integrated
circuit would be better. Such an application
specific integrated circuit couid reduce the number
of outputs required from a microprocessor from
the 6 required to 3 static and dynamic control
line.

A typical control circuit that meets all these re-
quirements is the L297 unit (Fig. 13).
Four signals control the motor in all operations:

1. CLOCK: The clock signal, giving the
stepping command

2. RESET: Puts the final level signals in
a defined start position

3. DIRECTION: Determines the sense of rota-

tion of the motor axis

Desides whether to operate in
full or in half-step.

4, HALF/FULL:

Another inhibit input allows the device to switch
the motor output into the Tri-state-mode in order
to prevent undesired movements during undefined
operating conditions, such as those that could
occur during.

Fig. 13- The L297 avoids the use of complicated standard logic to generate both full and half-step
driving signals together with chopper current control.
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SWITCH-MODE CURRENT REGULATION

The primary function of the current regulation
circuit is to supply enough current to the phase
windings of the motor, even at high step rates.

The functional blocks required for a switchmode
current control are the same blocks required in
switching power supplies; flip-flops, comparators;
and an oscillator are required. These blocks can
easily be included in the same IC that generates the
phase control signals. Let us consider the implemen-
tation of chopper current control in the L297.

The oscillator on pin 16 of the L297 resets the two
flip-flops at the start of each oscillator period. The
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flip-flop outputs are then combined with the
outputs of the translator circuit to form the 6
control signals supplied to the power bridge
(L298).

When activated, by the oscillator, the current in
the winding will raise, following the L/R time
constant curve, until the voltage across the sense
resistor (pin 1, 15 of L298) is equa! to the re-
ference voltage input. (pin 15, L297) the com-
parator then sets the flip~-flop, causing the output
of the L297 to change to an equiphase condition,
thus effectively putting a short circuit across the
phase winding. The bridge is activated into a
diagonally conductive state when the oscillator
resets the flip-flop at the start of the next cycle.
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with two resistance and one small signal transistor is sufficient for all imaginable causes.
as changeover switch for the reference input.
With another resistance and transistor it is possible

to resolve 2 Bits and consequently 4 levels. That

Fig. 16 shows a optimal phase current diagram
during a positioning operation.

Fig. 15 - Because of the set-dominant latch inside the L297 it is possible to hide current spikes and noise
across the sense resistors thus avoiding external filters.
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Fig. 16 - More energy is needed during the acceleration and break phases compared the continuous

operation, neutral or stop position.

SPEED
1
1
I
! i
! 1
| ! |
! |
| i
t t
A | [ B
Vagr) | ' j |
REF [ACCELER. | DECELER,)
TRANSPORT
sTop I : SToP
|
' } ' ! t
[ | $-9386 | [

HIGH MOTOR CLOCK RESETS IN THE
HALF-STEP SYSTEM

In the half-step position one of the motor phases
has to be without current. If the motor moves
from a full-step position into a half-step position,
this means that one motor winding has to be com-
pletely discharged. From the logic diagram this
means for the high level bridge an equivalent
status of the input signals A/B, for example in the
HIGH-status. For the coil this means short circuit
(Fig. 17 up) and consequently a low reduction
of the current. In case of high half-step speeds
the short circuit discharge time constant of the
phase winding is not sufficient to discharge the
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current during the short half-step phases. The
current diagram is not neat, the half step is not
carried out correctly (Fig. 17 center).

For this reason the L297 controller-unit generates
an inhibit-command for each phase bridge, that
switches the specific bridge output in the half-
step position into Tri-state. In this way the coil
can start swinging freely over the external re-
covery diodes and discharge quickly. The current
decrease rate of change corrisponds more or less
to the increase rate of change (Fig. 17 below).

In case of full-step operation both inhibit-outputs
of the controller (pin 5 and 8) remain in the
HIGH-status.



MORE TORQUE
POSITION

A topic that has already been discussed in detail.
So we will limit our considerations on how it is
carried out, in fact quite simply because of the
reference voltage controlled phase current re-
gulation.

IN THE HALF-STEP

With the help of the inhibit-signals at outputs
5 and 8 of the controller, which are alternatively
active only when the half-step control is pro-
grammed, the reference voltage is increased by

the factor 1.41 with a very simple additional
wiring (Fig. 18), as soon as one of the two inhibit-
signals switches LOW. This increases the current
in the active motorphase proportionally to the
reference voltage and compensates the torque loss
in this position. Fig. 19 shows clearly that the
diagram of the phase current is almost sinusoidal,
in principle the ideal form of the current graph.

To sum up we may say that this half-step version
offers most advantages. The motor works with
poor resonance and a double position resolution
at a torque, that is almost the same as that of
the full-step.

Fig. 19 - The half-step with shaping positioning is achieved by simply changing reference voltages.
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BETTER GLIDING THAN STEPPING

If a stepper motor is supposed to work almost
gliding and not step by step, the form of the
phase current diagram has to be sinusoidal.

The advantages are very important:
— no more phenomena of resonance
— drastic noise reduction

— connected gearings and loads are treated with
care
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— the position resolution may be increased

further.

However, the use of the L297 controller-unit de-
scribed until now is no longer possible of the more
semplicated form of the phase current diagram the
Controller may become simpler in its functions.

Fig. 20 shows us an example with the L6505 unit.
This IC contains nothing more than the clocked
phase current regulation which works according to



PRECISION OF THE MICRO STEP

Any desired increase of the position resolution
between the full step position has its physical
limits. Those who think it is possible to resolve a
7.2° - stepper motor to 1.8° with the same precision
as a 1.8° - motor in full-step will be received, as
there are several limits:

The rise rate of the torque diagram corresponding
to the twisting angle of the rotor for the 7.2° -
motor is flatter by a factor of 4 then for the
original 1.8° - motor. Consequently with fric-
tion or load moment, the position error is larger

(Fig. 21).

For most of the commercial motors there isn't
a sufficiently precise, linear relationship between
a sinusoidal-current-diagram and an exact micro
step angle. The reason is a dishomogeneous mag-
netic field between the rotor and the two stator
fields.

Above all, problems have to be expected with
motors with high pole feeling. However, there
are special stepper motors in which an optimized
micro step operation has already been considered
during the construction phase.

Fig. 21 - Better resolution is achieved with low degree motor but more torque is delivered with high

degree motor.
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CONCLUSIONS like before.

The above described application examples of
modern integrated circuits show that output and
efficiency of stepper motors may be remarkably
increased without any excessive expense increase

Working in limit areas, where improved electronics
with optimized drive sequences allow the use of
less expensive motors, it is even possible to obtain
a cost reduction.
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CONSTANT-CURRENT CHOPPER DRIVE UPS
STEPPER-MOTOR PERFORMANCE

Pulse width-modulated drive improves motor torque
and speed yet adds no complexity to circuit

Designers opting to use a fractional-horsepower
stepper motor in applications such as computer
printers can improve the motor’'s efficiency and
its torgue and speed characteristics by using a
constant-current pulse-width-modulated (PWM)
chopper-drive circuit. What's more, for high-power
drives, dedicated control chips and a constant-cur-
rent chopper drive can be as simple to use as direct
drive,

A basic problem for a directly driven stepper is
that the motor winding’s time constant (L/R)
causes the current to increase slowly in the winding
during each pulsed input. It may, therefore, never
reach full-rated value, especially at high speed,
or high pulsing rates, unless the voltage (V) across
the terminals is high. In the simplest stepper drive
(see Fig. 1a), transistor or Darlington switches

sequentially activate the windings to drive the
motor (see box, ‘‘Stepper motor basics”’).

This type of drive performs poorly because the
supply voltage must be low so that the steady-
state current is not excessive. As a result, the
average winding current - and hence the torque -
is very low at high drive motor speed.

Often, this problem is overcome by introducing a
series resistance, thereby increasing the overall
value by a factor of four - giving an L/4R ratio -
and also by increasing the supply voltage (see
Fig. 1b). This arrangement reduces the motor’s
time constant, which improves torque at high step
rates. However such an approach is inefficient,
because the series resistor constitutes a substantial
waste of power,

Fig. 1 - Common unipolar stepping drives (a) produce insufficient torque output because their supply
voltage must be kept low to limit current. Adding series resistance to an L/4R ratio (b) and
raising the supply voltage proportionately improves torque output, especially at high step rates.
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STEPPER-MOTOR BASICS

In computer-peripheral office-equipment ap-
plications, the most popular stepper motors are
permanent-magnet types with two-phase bi-
polar windings or bifilar-wound unipolar
windings. Stripped to the essentials, both types
consist of a permanent-magnet rotor sur-
rounded by stator poles carrying the windings.

A c}wo-pole motor would have a step angle of
90" . However, most motors have multiple poles
to reduce the step angle to a few degrees.

A bipolar permanent-magnet stepper motor has
a single winding for each phase - and the
current must be reversed to reverse the stator
field. Bifilar/ hybrid unipolar motors, however,
have two windings wound in opposite direc-
tions for each phase, so that the field can be
reversed with a single-polarity drive. Unipolar
motors were once popular because the drive
was simpler. But with today’s dual bridge

A two-phase bipolar motor needing up to 1A/
phase can be driven by a single IC - the SGS
L298 dual bridge (see Fig. 4). It contains two H-
bridges with all the necessary level shifters and
gates to directly interface low-level input logic
signals.

(H-bridge) ICs, it is just as easy to drive a bi-
polar motor.

In the most popular drive technigue - two-
phase-on - both phases are always energized,
and the rotor poles are aligned is stator poler
between steps. In another method - called the
wave drive - one phase is energized at a time.

A third technique combines the two sequences
and drives the motor one half-step at a time.
Half-stepping is very useful because motor
mechanically designed for very small step
angles are much more complex - and costly -
to built. It is more economical to use a 100-
step motor in half steps rather than a 200-step
motor in full step.

Recently designers have started microstepping,
or driving the motor at one-quarter stepping
rather or less. This type of operation can obtain
fine step control without using mechanically
complex motors with small step angles.

As before, a complete chopper drive can be built
by adding a current-controller chip and the necess-
ary protective diodes, an RC network to define the
oscillator frequency and a reference-voltage divider
to set the current level. Four-phase signals to the
controller are provided by a controlling micro-

Fig. 4 - A dual-bridge IC provides a simple power-stage design solution for a bipolar stepper motor.
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USING THE L6506 FOR CURRENT CONTROL
OF STEPPING MOTORS

The L6506 is a linear integrated circuit designed
to sense and control the current in stepping motors
and other similar devices. When used in conjunc-
tion with power stages like the L293, L298N, or
L7180 the chip set forms a constant current drive
for inductive loads and performs all the interface
functions from the control logic through the power
stage.

The L6506 may be used with either two phase
bipolar or four phase unipolar motor configura-
tions. The circuit in Figure 1 shows the L6506
used in conjunction with the L298N in a 2 phase
bipolar stepper motor application. The circuit in
Figure 2 implements a similar 4 phase unipolar
application.

CURRENT CONTROL LOGIC

In these two circuits, the L6506 is used to sense
and control the current in each of the load wind-

ings. The current is sensed by monitoring the
voltage across a sense resistor (Rgense) and using
a Pulse Width Modulated control to maintain the
current at the desired value.

An on-chip oscillator drives the dual chopper and
sets the operating frequency. An RC network on
pin 1 sets the operating frequency, which is given
by the equation:

1
& — (1)
0.69 R1 C1

for R1 > 10KQ

The oscillator provides pulses to set the two flip-
flops, which in turn cause the outputs to activate
the power actuator. Once the outputs have been
activated the current in the load starts to increase,
limited by the inductive characteristic of the load.

Fig. 1 - Application circuit for Bipolar 2 phase stepper motor
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the voltage across the motor during the recircula-
tion time is much less than the power supply volt-
age. Figure 4 shows the ripple current for bipolar
motor applications using the L6506 and the L298.

When implementing a half step drive, both outputs
of the L6506 will be low during the half step of
one phase, This means a very long time is required
for the current in the “off”” winding to decay
when driving bipolar motors.

Alternately, the power stage (L298) may be
inhibited to put the output in the state and achieve
a faster current decay.

Since separate V¢ inputs are provided for each
channel, each of the loads may be programmed
independently allowing the device to be used to
implement microstepping or applications with
different peak and hold currents. In this type of
application, changing the reference voltage (Vq¢)
will change the. load current, effectively imple-
menting a transconductance amplifier.

Fig. 4 - Ripple current in Bipolar motors

SYNCHRONIZING MULTIPLE DEVICES

Ground noise problems in multiple configurations
can be avoided by synchronizing the oscillators.
This may be done by connecting the sync pins of
each of the devices with the oscillator output of
the master device and connecting the R/C pin of
the unused oscillators to ground as shown in
Figure 5. The devices may be synchronized to
external circuits by applying synchronizing pulses
to the sync pins. It should be noted, however,
that the input pulse sets the minimum on time
of the outputs and will therefore set a minimum
output average current.

SELECTING THE OSCILLATOR COM-
PONENTS

When selecting the values for the external com-
ponents for the oscillator one of the primary con-
siderations is the operating frequency. In addition
there is another important consideration for these
components.

Fig. 5 - Synchronizing multiple devices
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In many applications the reverse recovery current
of the free wheeling diodes and of parasitic el-
ements in the power stage will flow through the
sensing resistor in addition to the load current.
Also there is sometimes noise generated in the
system when the power stage is switched on.
These two sources of error can fool the current
limiting stage and make it appear to operate at a
subharmonic of the desired frequency. With the
proper selection of the oscillator components
this behavior can be avoided.

The design of the L6506 is such that the flip-
flops used in the device are set dominant so that
whenever the sync input is low the Q output of
the flip-flop will be high even if the reset is ap-
plied by the comparator at the same time. This
characteristic of the flip-flops can be used to make
the current sensing immune to the recovery cur-
rents and noise spikes that occur when the power
devices switch. If the sync pulse is longer than the
turn on delay time of the power stage, as shown in
Figure 6, these two sources of errors will be
ignored.

Fig. 6 - Load current and sync pulse
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HIGH-POWER, DUAL-BRIDGE ICs
EASE STEPPER-MOTOR-DRIVE DESIGN

In addition to simplifying design problems, a family of dedicated chips improves stepper-
motor drive-circuit reliability by significantly reducing the component count.

The L293, L293E and L298N dual-bridge ICs (see  ciency of constant--current choppers. And with a
box, “Inside the dual-bridge ICs’’) significantly single chip replacing the transistors and predriver
reduce the problems encountered in the design of stages, circuit performance improves. Best of all,
stepper-motor drive circuitry. They can, for ex- the devices have applications in complex as well as
ample, simplify the design and increase the effi- basic driver networks.

Fig. 1 - The simplest stepper-motor drive technique is the basic L/R configuration. Adding series resistors
and raising the supply to make an L/4R drive improves torque at high steps rates but reduces efficiency.
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MULTIPLE SUPPLIES BOOST
PERFORMANCE

A dual-level supply also improves the performance
of a basic L/R circuit. A high supply voltage yields
good torque characteristics when the motor is
running. A lower-than-rated voltage provides some
holding torque when the motor is at rest, thereby
saving power when the motor is idle.

Fig. 2 shows a suitable voltage-switch circuit. Ry
sets the holding current, which can be low because
a permanent magnet or hybrid stepper motor pro-
vides some holding torque at zero current. However,
make certain the L293's motor-supply input never
goes below the logic~supply voltage. While there’s
no danger of damaging the device, it's impossible
to drive the output transistors correctly under such
conditions,

The dual bridge’s enable inputs offer a means of
extending the chip’s flexibility. For example, you
can connect them directly to the logic supply — no
resistors are needed — to enable the chip perma-
nently, As an alternative, use the enable inputs to
disable the motor during the power-on reset
sequence.

In wave-drive and half-step modes, use the enable
inputs to increase torque at high speeds. When a
winding de-energizes, flux collapse is a function of
the current-decay rate. During this decay, the de-

Fig. 3 - Maintaining a constant-average phase current this fixed-ripple chopper provides improved per-

energized winding opposes the efforts of the next
winding in sequence,partially cancelling the torque.
You can minimize this effect by disabling a bridge
only when the winding it drives is turned off;
because the Ai/At of an inductor equals E/L, dis-
abling the bridge accelerates the current decay.
This action discharges the winding’s stored energy
through its supply and maintains the terminal
voltage E at V¢ plus two diode drops. If you were
to leave the bridge enabled, the current would flow
to ground through one diode and one transistor,
and it would lower the terminal voltage. This
scheme doesn’t apply with drives with two phases
on because no winding ever de-energizes.

Fig. 2 - Switching the supply to a lower voltage
when the motor is idle saves current without
compromising driving power
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Often a uC controls the translator, setting the
direction line and providing a pulse for each
step. Software is thus simplified, and if you use
a programmed interrupt scheme, the uC is free
to handle other tasks. Fig. C describes an ab-
solute-positioning routine for a step with a
direction-control translator; Fig. D outlines
how programmed timer interrupts are used to

Fig. C - For use with a hardware
translator this a absolute-positioning
routine sets the direction line and
sends the appropriate number of
step pulses.

relieve the burden on the uC.

Two special cases call for hardware translation.
The first is in a system for which you have
already designed in control circuitry to provide
step and direction signals, The second case
involves single-quantity and small-run applica-
tions, in which the cost of a few ICs js a small
price to pay for simplified software.
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Fig. D - To set a motor step rate,
used programmed timer interrupts
in place of software timing loops.
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Fig. 5 - A special translator-chopper control circuit cuts the drivers components count to the minimum
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CONTROLLER IC REDUCES
COMPONENT COUNT

If you're using a hardware translation and constant-
current choppers, you can further reduce the com-
ponent count by using a controller chip such as the
L297 — a 20-pin DIP that houses a translator and a
dual fixed-frequency chopper circuit. Under the
control of step and direction inputs, the L297
generates normal, wave-drive and half-step se-
quences.

As shown in Fig. 5, the controller connects directly

Reprinted from EDN. 11/24/83

© 1986 Cahners Publishing Company Division
of Reed Publishing USA.

to a dual bridge. External component requirements
are minimal: and RC network to set the chopper
frequency and a resistive divider to establish the
comparator reference voltage (V ef).

To accommodate motors with a phase current as
great as 3.5A, replace the single dual-bridge IC
with two devices configured in parallel (input to
input, enable to enable, etc)to form a single bridge.
It's extremely important that you pair the half
bridges — 1 with 4 and 2 with 3 — to ensure op-
timum current sharing.




INTRODUCING THE L297
STEPPER MOTOR CONTROLLER

The L297 integrates all the control circuitry required to control bipolar and unipolar stepper
motors. Used with a dual bridge driver such as the L298N forms a complete micropro-
cessor-to-bipolar stepper motor interface. Unipolar stepper motor can be driven with an
L297 plus a quad darlington array. This note describes the operation of the circuit and

shows how it is used.

The L297 Stepper Motor Controller is primarily
intended for use with an L298N or L293E bridge
driver in stepper motor driving applications.

It receives control signals from the system’s con-
troller, usually a microcomputer chip, and provides
all the necessary drive signals for the power stage.
Additionally, it includes two PWM chopper circuits
to regulate the current in the motor windings.

With a suitable power actuator the L297 drives two
phase bipolar permanent magnet motors, four
phase unipolar permanent magnet motors and four
phase variable reluctance motors. Moreover, it
handles normal, wave drive and half step drive
modes. (This is all explained in the section “’Stepper
Motor Basics'’).

Two versions of the device are available: the regular

L297 and a special version called L297A. The
L297A incorporates a step pulse doubler and is
designed specifically for floppy-disk head posi-
tioning applications.

ADVANTAGES

The L297 + driver combination has many ad-
vantages: very few components are required (so
assembly costs are low, reliability high and little
space required), software development is simplified
and the burden on the micro is reduced. Further,
the choice of a two-chip approach gives a high
degree of flexibility — the L298N can be used on
its own for DC motors and the L297 can be used
with any power stage, including discrete power
devices (it provides 20mA drive for this purpose).

. . . . 5V
Fig. 1 - In this typical configu-
ration an L297 stepper CHOPPER
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Fig. 3 - Greatly simplified, a bipolar permanent
magnet stepper motor consist of a rotating
magnet surrounded by stator poles as
shown.

energized but in the opposite sense). This sequence
is known as "‘one phase on’’ full step or wave drive
mode. Only one phase is energized at any given
moment (figure 4a).

The second possibility is to energize both phases
together, so that the rotor always aligns itself bet-
ween two pole positions. Called ““two-phase-on”
full step, this mode is the normal drive sequence
for a bipolar motor and gives the highest torque
(figure 4b).

The third option is to energize one phase,then two,
then one, etc., so that the motor moves in half step
increments. This sequence, known as half step
mode, halves the effective step angle of the motor
but gives a less regular torque (figure 4c).

For rotation in the opposite direction (counter-
clockwise) the same three sequences are used,
except of course that the order is reversed.

As shown in these diagrams the motor would have
a step angle of 90°. Real motors have multiple
poles to reduce the step angle to a few degrees but
the number of windings and the drive sequences
are unchanged. A typical bipolar stepper motor is
shown in figure 5.

Fig. 4 - The three drive sequences for a two phase bipolar stepper motor. Clockwise rotation is shown.

Fig. 4a - Wave drive (one phase on)
A

Fig. 4c - Half step drive
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The output waveforms for this sequence are shown
in figure 10.

Note that two other signals, INH1 and INH2 are
generated in this sequence. The purpose of these
signals is explained a little further on,

The full step modes are both obtained by skipping
alternate states in the eight-step sequence. What
happens is that the step clock bypasses the first
stage of the 3-bit counter in the translator. The
least significant bit of this counter is not affected

Fig. 8 -
control logic.

therefore the sequence generated depends on the
state of the translator _when full step mode is
selected (the HALF/FULL input brought low).

If full step mode is selected when the translator is
at any odd-numbered state we get the two-phase-
on full step sequence shown in figure 11.

By contrast, one-phase-on full step mode is ob-
tained by selecting full step mode when the trans-
lator is at an even-numbered state (figure 12).

The L297 contains translator (phase sequence generator), a dual PIWM chopper and output
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Fig. 10 ~ The output waveforms corresponding to the half step
sequence. The chopper action in not shown.
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Fig. 13 - When a winding is switched off the inhibit input is activated to speed current decay. If this were
not done the current would recirculate through D2 and Q4 in this example. Dissipation in Rg

is also reduced.

OB

DRIVE CURRENT
RECIRCULATION

OTHER SIGNALS

Two other signals are connected to the translator
block: the RESET input and the HOME output.

RESET is an asynchronous reset input which
restores the translator block to the home position
(state 1, ABCD = 0101). The HOME output (open
collector) signals this condition and is intended to
be ANDed with the output of a mechanical home
position sensor.

Finally, there is an ENABLE input connected to
the output logic. A low level on this input brings
INH1, INH2, A, B, C and D low. This input is
useful to disable the motor driver when the system
is initialized.

LOAD CURRENT REGULATION

Some form of load current control is essential to
obtain good speed and torque characteristics.
There are several ways in which this can be done —
switching the supply between two voltages, pulse
rate modulation chopping or pulse width modu-
lation chopping.

The L297 provides load current control in the
form of two PWM choppers, one for each phase of
a bipolar motor or one for each pair of windings
for a unipolar motor. (In a unipolar motor the A
and B windings are never energized together so
thay can share a chopper; the same applies to C
and D).

Each chopper consists of a comparator, a flip flop
and an external sensing resistor. A common on-
chip oscillator supplies pulses at the chopper rate
to both choppers.

75

In each chopper (figure 14) the flip flop is set by
each pulse from the oscillator, enabling the output
and allowing the load current to increase. As it
increases the voltage across the sensing resistor in-
creases, and when this voltage reaches V ¢ the flip
flop is reset, disabling the output until the next
oscillator pulse arrives. The output of this circuit
(the flip flop’s Q output) is therefore a constant
rate PWM signal. Note that V.o determines the
peak load current.

Fig. 14 - Each chopper circuit consists of a comp-
arator, flip flop and external sense resis-
tor. A common oscillator clocks both
circuits.

FROM 0SC
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This explains why phase chopping is not suitable
for unipolar motors: when the A winding is driven
the chopper acts on the B winding. Clearly, this is
no use at all for a variable reluctance motor and
would be slow and inefficient for a bifilar wound
permanent magnet motor.

The alternative is to tie the CONTROL input to ‘
ground so that the chopper acts on TNH1 and
INH2. Looking at the same example, A is high and i
B low. Q1 and Q4 are therefore conducting and J

current flows through Q1, the winding, Q4 and R
(figure 17).

Fig. 17 - Inhibit chopping. The drive current (Q1, winding, Q4) in this case is interrupted by activating
INH1. The decay path through D2 and D3 is faster than the path Y of figure 15.
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In this case when the voltage across Rg reaches
Vgegr the chopper flip flop is reset and INH1
activated (brought low). TNH1, remember, turns
off all four transistors therefore the current recir-
culates from ground, through D2, the winding and
D3 to V4. Discharged across the supply, which can
be up to 46V, the current decays very rapidly
(figure 18).

The usefulness of this second faster decay option
is fairly obvious; it allows fast operation with
bipolar motors and it is the only choice for uni-
polar motors. But why do we offer the slower
alternative, phase chopping?

The answer is that we might be obliged to use a
low chopper rate with a motor that does not store
much energy in the windings. If the decay is very
fast the average motor current may be too low to
give an useful torque. Low chopper rates may, for
example, be imposed if there is a larger motor in
the same system. To avoid switching noise on the
ground plane all drivers should be synchronized
and the chopper rate is therefore determined by
the largest motor in the system.

Multiple L297s are synchronised easily using the
SYNC pin. This pin is the squarewave output of
the on-chip oscillator and the clock input for the
choppers. The first L297 is fitted with the oscil-
lator components and outputs a squarewave signal

on this pin (figure 19). Subsequent L297s do not
need the oscillator components and use SYNC as a
clock input. An external clock may also be injected
at this terminal if an L297 must be synchronized to
other system components.

Fig. 18 - Inhibit chopper waveforms. Winding AB
is energized and CONTROL is low.

SENSE
RESISTOR r|r|r|r|r‘r|r|

CURRENT
FAST DECAY

LOAD
CURRENT
FLIP
FLOP
SET 5-5946




Fig. 21 ~ This typical application shows an L297 and L298N driving a bipolar stepper motor with phase

currents up to 2A
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made with discrete transistors. For currents up to
3.5A two L298N'’s with paralleled outputs may be
used.

For unipolar motors the best choice is a quad
darlington array. The L702 can be used if the
choppers are not required but an L7150 or L7180
is preferred. These quad darlingtons have external

$-5846/4

VE<12Ve@el=2A
trr < 200 ns

emitter connections which are connected to
sensing resistors (figure 22). Since the chopper acts
on the inhibit lines, four AND gates must be added
in this application.

Also shown in the schematic is a zener diode in
series with the suppression diodes. This serves to
increase the voltage across which energy stored in

Fig. 22 ~ For unipolar motors a quad darlington array is coupled to the L297. Inhibit chopping is used

so the four AND gates must be added.
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PIN FUNCTIONS — L297 (continued)

N° NAME FUNCTION
7 C Motor phase C drive signal for power stage.
8 INH2 Active low inhibit control for drive stages of C and D
phases. Same functions as INH1.
9 D Motor phase D drive signal for power stage.

10 ENABLE Chip enable input. When low (inactive) INH1, INH2, A,
B, C and D are brought low.

1 CONTROL Control input that defines action of chopper.

When low chopper acts on INH1 and INH2; when high
chopper acts on phase lines ABCD.

12 V, 5V supply input.

13 SENS, Input for load current sense voltage from power stages
of phases C and D.

14 SENS, Input for load current sense voltage from power stages
of phases A and B.

15 Vet Reference voltage for chopper circuit. A voltage applied
to this pin determines the peak load current.

16 osC An RC network (R to V¢, C to ground) connected to
this terminal determines the chopper rate. This terminal
is connected to ground on all but onedevice in synchron-
ized multi - L297 configurations. f = 1/0.69 RC,
R > 10 k2.

17 CW/CCW Clockwise/counterclockwise direction control input.
Physical direction of motor rotation also depends on
connection of windings.

Synchronized internally therefore direction can be
changed at any time.

18 CLOCK Step clock. An active low pulse on this input advances
the motor one increment. The step occurs on the rising
edge of this signal.

19 HALF/FULL Half/full step select input. When high selects half step

operation; when low selects full step operation. One-
phase-on full step mode is obtained by selecting FULL
when the L297’s translator is at an even-numbered state.
Two-phase-on full step mode is set by selecting FULL
when the translator is at an odd numbered position.
(The home position is designated state 1).
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APPLICATIONS OF MONOLITHIC
BRIDGE DRIVERS

High power monolithic bridge drivers are an attractive replacement for discrete transistors
and half bridges in applications such as DC motor and stepper motor driving. This appli-
cation guide describes three such devices — the L293, L293F and L298 — and presents

practical examples of their application.

The L293, L293E and L298 each contain four
push-pull power drivers which can be used in-
dependently or, more commonly, as two full
bridges. Each driver is controlled by a TTL-level
logic input and each pair of drivers is equipped
with an enable input which controls a whole bridge.
All three devices feature a separate logic supply
input so that the logic can be run on a lower
supply voltage, reducing dissipation. This logic
supply is internally regulated.

Additionally, the L293E and L298 are provided
with external connections to the lower emitters of

each bridge to allow the connection of current
sense resistors. The L293E has separate emitter
connections for each channel; the L298 has two,
one for each bridge.

Figure 1 shows the internal structure of the L293,
L293E and L298. The L293 and L293E are
represented as four push pull drivers while the in-
ternal schematic is given for the L298. Though
they are drawn differently the L293E and L298
are identical in structure; the L293 differs in that it
does not have external emitter connections.

Fig. 1 - The L293, L293F and L298 contain four push pull drivers. Each driver is controlled by a logic
input and each pair (a bridge) is controlled by an enable input. Additionally, the L293E has
external emitter connections for each driver and the L298 has emitter connections for each

bridge.
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Fig. 3 = This circuit protects a driver from out-
put short circuits to ground.
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Fig. 4 - Waveforms illustrating the short circuit
protection provided by the circuit of

fig. 3.
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DC MOTOR DRIVING

In applications where rotation is always in the
same sense a single driver (half bridge) can be used
to drive a small DC motor, The motor may be con-
nected either to supply or to ground as shown in
figure 5.

The only difference between these two alternatives
is that the control logic is inverted — a useful fact
to remember when minimising contro! logic.

Each device can drive four motors connected in
this way. The maximum motor current is 1A for the
L293 and 2A for the L298N, However if several
motors are driven continuously care should be
taken to avoid exceeding the maximum power
dissipation of the package.

Each motor in this configuration is controlled by
its own logic input which gives two alternatives:
run and fast stop (the motor shorted by one of the
transistors).

The enable/inhibit inputs also allow a free running
motor stop by turning off both transistors of the
driver. Since these inputs are common to two
channels (one bridge) this feature can only be used
when both channels are disabled together.

A full bridge configuration is used to drive DC
motors in both directions (figure 6). Using the
logic inputs of the two channels the motor can be

Fig. 5 - For rotation in one direction DC motors

are driven by one channel and can be
connected to supply or ground.

‘VS
- X )
A 8
%o 11 ?15 14
2 O+Vss
8 e
12 1293
9
OVinh
S-5163/ _]:‘;5‘12'13
Vinh | A M1 B M2
H H | Fast motor H | Run
stop
H L | Run L | Fast motor
stop
L X | Free running X | Free running
motor stop motor stop
L= Low H = High X = Don't care

Fig. 6 ~ A bridge is used for bidirectional drive
of DC motors.
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INPUTS FUNCTION
C=H; D=L Turn right
Vinh=H C=1L; D=H Turn left
C=D Fast motor stop
Vinn= L C=X; D=X Free running
motor stop
L= Low H = High X = Don’t care

made to run clockwise, run anticlockwise or stop
rapidly.

Again, the enable/inhibit input is used for a free
running stop — it turns off all four transistors of
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Fig. 8 - This circuit illustrates PWM control of the motor speed. The speed of each motor is controlled

independently.
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STEPPER MOTOR DRIVING

Monolithic bridge drivers are extremely useful for
stepper motor driving because they simplify the
use of bipolar motors. This is an important point
since a bipolar stepper motor costs less than an
equivalent unipolar motor (it has fewer windings)
and gives more torque per unit volume, other
things being equal.

The basic configuration for bipolar stepper motor
driving is shown in figure 9. In this example it is
assumed that a suitable translator (phase sequence
generator) is connected to the four channel inputs.

Either an L293 or an L298N can be used in this
circuit; an L293E would be wasted compared to
an L293 because load current regulation, and
hence the sense resistor connection, is not used.
But load current regulation is highly desirable to
exploit the performance characteristics of the
motor, Using an L293E or L298N this can be im-
plemented by adding an LM339 quad comparator
as shown in figure 10.

This is another circuit that requires an external
translator but it provides independent PWM
chopper regulation of the current in each winding.

Looking at motor phase one, the comparator out-
put is initially high, enabling the bridge through
pin 1.

The current in the motor winding rises until the
voltage across the sensing resistor R2 produces a
voltage at the inverting input of the comparator
equal to the voltage on the non-inverting input
(370 mV). This value is produced by the divider
R10/R11 and by the hysteresis determined by R6
and R8.

THRESHOLD ZZKﬂ R3
\ 150
Speed M2 Ve 3 triangle
~18KHz
4] S~ 416372

At this point the comparator switches, disabling
the bridge. The current in the winding recirculates
through D5 and D6 until the voltage across R2 falls
below the lower threshold of the comparator. The
comparator then switches again and the cycle
repeats.

Fig. 9 - A single device can be used to drive a
two phase bipolar stepper motor.
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In this configuration the motor is controlled
through the L297. A step clock moves the motor
one increment, the CW/CCW input controls the
direction and the HALF/FULL input selects half
step or normal operation. The input V g¢ is con-
nected to a suitable voltage reference and sets the

Fig. 11 - With a quad comparator both current regulation and short circuit protection can be obtained.

peak winding current in the motor. The choppers
in the L297 can operate on the phase lines or the
inhibit lines, depending on the state of the logic
input called CONTROL.

For a more detailed description of the L297 see
“Introducing the L297 Stepper Motor Controller’.
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SWITCH-MODE DRIVERS FOR SOLENOID DRIVING

This design guide describes the operation and applications of the L294 and L295 switch-
mode solenoid drivers. Integrating control circuitry and power stage on the same chip, these
devices replace complex discrete circuits, bringing space and cost savings.

Many applications, particularly in computer per-
ipherals, require a high power, fast solenoid driver
circuit. In the past these circuits have been realised
with discrete components because the high powers
required precluded the use of monolithic tech-
nology.

SGS has overcome this problem with a new high
power bipolar technology that uses an innovative
implanted isolation technique. This technology is
used to fabricate two switchmode solenoid driver
chips, the L294 and L295, which both incorporate
high power output stages and control circuitry.
.Both circuits are designed for efficient switchmode

operation and are mounted in SGS' Multiwatt ®
plastic package.

THE L294 SOLENOID DRIVER

The L294 is designed for solenoid driving applica-
tions where both very high speed and high current
are essential; needle and hammer driving in printer
mechanisms, for example. It delivers 4A with
supply voltages up to 46V, handling effective
powers up to 180W.

Shown in figure 1, the L294 is controlled by a TTL
— level logic input and the peak load current is

Fig. 1 - Internal block diagram of the L294 switchmode solenoid driver.
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Fig. 4 - On-time limiter waveforms. After a period
defined by C2 the output is disabled
regardless of the state of ENABLE, pro-
tecting against overdriving.
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PROTECTION

To protect the load and the L294 from overdriving
an on-time limiter inhibits the output stage in-

Fig. 5 - Standard solenoid driving application of
the L294. Pin 7 must be connected to a
suitable reference voltage to set the peak
current. v o
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D1 : 3A Fast Diode
} trr < 200ns

D2: 1A Fast Diode

dependently of the ENABLE input if the duration
of the input pulse exceeds a period set by the ex-
ternal capacitor C2 (figure 4). This circuit is reset
by taking the ENABLE input high. The on-time
limiter can be disabled by grounding pin 3.

Protection against overheating is incorporated in
the form of a thermal shutdown circuit which
disables the output stage when the junction tem-
perature exceeds 150°C. The circuit restarts when
the temperature has fallen about 20°C.

The L294 is also protected against short circuits to
ground, to supply and across the load. Triggered
when the source stage current exceed 5A or the
sink stage current exceed 1V/Rg, the short circuit
protection block inhibits the output stage and sets
a flip flop which is supplied by a separate supply
voltage Vgs. This flip flop is connected to the
diagnostic output and signals that all is not well —
a shorted solenoid, for example. The diagnostic
flip flop is reset by removing the supply V.

A LED can be connected to the diagnostic output
as shown in figure 5. If the diagnostic function is
not required the Vgg supply can be omitted. The
short circuit protection, however, still functions,
even without V.

USING THE L294

The basic application circuit for the L294 is shown
in figure 5; a suggested layout is given in figure 6.
The circuit is complete except for the source of V;.
In most cases this will be provided by a simple
resistive divider dimensioned to set the desired
peak current. With a 0.2 2 sense resistor as shown,
the L294 has a transconductance of 1A/V for V;
above 600 mV. The device will not work with V;
less than 450 mV and operation is not guaranteed
for V; between 450 mV and 600 mV.

The on-time limiter delay — set by C2 — is ap-
proximately 120 000 x C2. Pin 3 must be grounded
if the on-time limiter isn’t used.

Switching frequency depends partly on the timing
network R1C1 and partly on the load charac-
teristics.

Fig. 6 - Suggested printed circuit board layout for the application circuit of figure 5.
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Figura 8 — Pin functions of the L294.

N° FUNCTION

1 Solenoid supply voltage Vg (12-46V).
2 Output, source stage.
3 On-time limiter time constant. A capaci-
tor to ground sets delay period (120 000 x
C2 seconds). On-time limiter is disabled
by grounding this pin.

4 | Supply input (5V) for diagnostic flip
flop.

5 Diagnostic output,open collector.Signals

intervention of latched short circuit
protection. Reset by removing pin 1
supply.

6 Ground.

7 V; reference input. Peak output current
is proportional to V. Transconduc-
tance is 1A/V for Rg = 0.2 Q and
V=600 mV.

8 Timing. A parallel RC network from this
pin to ground sets the minimum recir-
culation time constant.

The capacitor must be 2.7-10 nF to
ensure stability.

The resistor must be greater than 10 k2.

9 ENABLE. TTL-compatible logic input
that controls the solenoid current. The
solenoid is driven when this input is at a
low level. The on-time limiter overrides
enable.

load current

10 Connection for

resistor.

sense

11 Output, sink stage.

THE L295 DUAL SWITCHMODE DRIVER

The L295 is a dual switchmode solenoid driver
which handles up to 2.5A per channel at voltages
up to 46V — a total effective power handling of
220W. Compared to the L294 it offers a more
economical solution when 2.5A is sufficient
because there are two drivers per chip. Like the
L294 it features switchmode regulation of the
output current and thermal shutdown. Addition-
ally it has a separate logic supply input so that
the logic can be run at a lower voltage, reducing
dissipation.

Intended for inductive load driving, the L295 is
particularly suitable for solenoids and stepper
motors. One L295 drives two solenoids and two
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L295s can drive the four phases at a unipolar
stepper motor or the two phases of a bipolar
stepper motor in bridge configuration.

Each channel of the L295 is controlled by a
TTL-level digital input and the peak load current
is programmed, independently for each channel,
by a voltage reference input. A chip enable input
is also provided to disable both channels together.

INSIDE THE L295

Internally the L295 (figure 9) bears little re-
semblance to the L294. Looking at channel one,
when the V,nj input goes high the output tran-
sistors Q1 and Q2 are switched on (the enable
input EN is assumed to be active, i.e. low).
The current in the load then rises exponentially,
as shown in figure 10, until the voltage across the
external sense resistor Rgp reaches the current
program reference voltage Vyef; .

The comparator COMP1 switches and sets the
flip flop FF1 which turns off the source transis-
tor Q1. The load current now recirculates through
D2-Q2-Rg; and decays.

What happens next is determined by the oscilla-
tor components R and C on pin 9. If these com-
ponents are present the flip flop is reset by the
next clock pulse before the current decays very
far. The output stage is therefore turned on
again and the load current rises.

When it reaches the peak value COMP1 switches
again, setting the flip flop and disabling the out-
put stage. This process is repeated, regulating the
load current until Vj,; goes low. The output
stage is then disabled and the current falls off
rapidly, recirculating through D1 and D2
(figure 10).

If the oscillator components are omitted and pin
9 grounded the current simply decays slowly
until Vj,1 goes low. The output stage is then
disabled and the load current recirculates through
D1 and D2. This case is illustrated by the wave-
forms of figure 11. Note that in this case the
peak current level is controlled.

Unlike the L294, the switching frequency of the
current regulation loop is determined by the
oscillator components R and C (the L294 is also
affected by the load). Typically, the switching
frequency will be 10-30 kHz. Another difference
between the two devices is that the L294 gives a
constant ripple, the L295 does not.

TWO LEVEL CONTROL

Since the peak load current is programmed by
the reference voltage (for each channel), two
level current control can be obtained by switch-
ing between two reference voltages. A high V¢
is selected initially to give a high initial current
peak. Then, after a suitable interval, V g is re-
duced to give the lower holding current (figure
12). Two level current control is very useful for
solenoids which require a high initial current
peak for fast actuation,



Fig. 12 - Two level current control is obtained by
switching Vyef between two values.
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L295 APPLICATION HINTS

The basic application circuit of the L295 is shown
in figure 14. A suitable layout is given in figure 15.

Suitable values for the oscillator components, R
and C, can be found from the nomogram, figure
16. The value for the reference voltages depends on
the desired peak current and is equal to IpR;; it
must be in the range 0.2V to 2V.

If the V¢ inputs are left open circuit the L295
assumes an internal default value of 2.5V giving a
peak current of 2.5/R¢ amperes.

The L295 can also be used to drive unipolar step-
per motors. For a four phase motor two devices
are used, connected as shown in figure 17. This
circuit provides switchmode regulation of the load
current with a chopper rate of about 25 kHz. The
enable inputs (EN, connected together) enable/
disagble the whole circuit and the channel inputs
Vin1 - - . Ving are driven by a suitable translator
circuit. Phases 1 and 2 must not be energised to-
gether because they share the same sense resistor.
The same applies to channels 3 and 4. However,
‘two phase on’ drive is still possible for bifilar
motors where phases one and two represent one
winding and 3 & 4 the other, and also for variable
reluctance motors with phase 1 adjacent to phase
3 etc.

Two L295s could also be used to drive a bipolar
stepper motor in systems where a translator
already exists.
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Figure 13 - Pin functions of the L295,

N°

FUNCTION

10

1

12

13

14
15

Solenoid supply voltage, Vg (12-46V).
Channel one output, source stage.
Channel one output, sink stage.

Rs1. Sense resistor connection, channel
one.

Vief1. A voltage on this pin sets peak
current of channel one. If this pin is left
open or connected to V¢ adefault Vet
of 25V is assumed. An externally
applied V g must be in the range 0.2
to 2V.

Vin1- Logic input for channel one.
Driver is active when Vj,; is high and
EN low.

EN. Chip enable (active low). When high
both channels are disabled.

Ground.

Oscillator timing network. This pin is
grounded to produce a single peak.

Vgs. Logic supply voltage, internally
regulated. (4.75 - 10V).

Vino. Logic input for channel two.
Driver is active when Vj,» is high and
EN low.

Vyefo. Voltage input, controls peak cur-
rent of channel two. If left open or con-
nected Vg an internal 2.5V reference
is assumed.

An externally applied V ¢ must be in
the range 0.2 to 2V,

Rga. Sense resistor connection, channel
two.

Channel two output, sink stage.

Channel two output, source stage.




Fig. 17 - Two L295s, connected as shown, can be used to drive a four phase unipolar stepper motor.
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SPEED CONTROL OF DC MOTORS
WITH THE L292 SWITCH-MODE DRIVER

Power dissipation in DC motor drive systems can be reduced considerably with an L292
switchmode driver. This application guide describes two speed control systems based on this
device; one voltage controlled and one controlled by a 6-bit binary word. Both examples
are designed for 60W motors equipped with tacho dynamos.

The L292 is a monolithic power IC which func-
tions effectively as a power transconductance am-
plifier. It delivers a load current proportional to an
input voltage, handling up to 2A at 18-36V with a
bridge output stage. Completely self-contained, it
incorporates internal switchmode circuitry and all
the active components to form a current feedback
loop.

The L292 is designed primarily for use with an
L290 and L291 in DC motor servopositioning
applications. However, the L292 can be useful in a
wide range of applications as the two examples
here show. The first is a simple tachometer feed-
back circuit, the speed of which is controlled by a
DC voltage; direction is controlled by the polarity
of this voltage. The second circuit is controlled
digitally and includes an L291 D/A converter.

SYSTEM WITH DC.CONTROL

In this system the control quantity is 2 dc voltage
variable between

+ ViM and —ViM

Since the guantity under control is the speed of
the motor, it is required that it varies linearly in
function of the control voltage.

A simplified circuit diagram of the system is shown
in fig. 1.

The current |7, proportional to the set voltage V;,
and the current I, proportional to the speed of
the motor, are fed to the sum point of the error
amplifier. Assuming that the motor does not drain
current, the system is in a steady-state condition
whenever |; = -15; as a matter of fact, in this case
the output from the error emplifier Vo is OV.
During transients, the voltage V, will assume a
value Vo, = - R3 (I + I,) and consequently, since
the L292 integrated circuit operates as a trans-
conductance (G,), a mean current ;= G, * Vg

will flow in the motor determining an acceleration
proportional to it.

Fig. 1 - Simplified circuit diagram of DC control
system

P ol L2902 O=0 ™

5-5864

Calculation of R1, R2, R3
Let us call:

Vim the maximum control voltage value
nm the maximum speed allowed for the motor
Kgq voltage constant of the dynamo

By imposing that the balance condition be met in
correspondance to the maximum rotation speed
the following equation is obtained:

e, ViM_ Kgom

17720 TRy R2
Since R2 is the impedance which the tachometer
dynamo is loaded on to and its value is recom-
mended by the manufacturer, it is possible from
the previous relationship to determine the value
of R1.
Resistor R3 determines the system gain. It's best to
keep the gain as high as possible (and consequently
R3 as high as possible) to obtain a high response
speed of the system, even for small variations in
the contro! voltage. On the other hand, an ex-
cessive gain would cause excessive overshoot
around the balance conditions at the end of tran-
sients. Consequently, a trade-off must be made
between the two opposing requirements in select-
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In this case too, the variation A n is as much lower
as the error amplifier gain is higher.With the circuit
shown in fig. 2 A n is approximately 30 turns/min.
with A | = 800 mA, A n = 0.037 turns/mA.min
approx.

It is possible to adopt a circuit which prevents the

Fig. 4 - Complete circuit with current feedback

variation in the number of turns in function of
motor current. The problem is to “‘sense’” the cur-
rent flowing through the motor and to send a
current proportional to it to the sum point of the
error amplifier. The complete circuit which in-
cludes, beside the voltage feed-back loop, also a
current feed-back loop, is illustrated in fig. 4.
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In the integrated circuit L292, a current propor-
tional to the mean current drained by the motor
flows between pin 5 and pin 7.

An operational amplifier amplifies the voltage drop
provoked by this current across a 510 Q resistor
and sends a current to the sum point which is
consequently proportional to the mean current in
the motor, the value of which can be made vary by
acting on potentiometer P2. By properly adjusting
P2, a condition can be achieved in which the speed
does not change when the current drained by the
motor varies.

The discontinuity around the origin, which was
present in the previous circuit (fig. 2), is practically
negligible in the circuit shown in fig. 4.

The characteristic n = f (V;) relevant to the circuit
of fig. 4 is shown in fig. 5, and this characteristic
does not substantially change over the whole range
of currents allowed by the L292 (up to 2A).

In the circuit described above if the motor stall
condition is requested. it is preferable to act on the
inhibits of the integrated circuit L292, for instance
by grounding pin 13, instead of adjusting potentio-
meter P1: as a matter of fact, the exact position of
this potentiometer is difficult to obtain, since the
characteristic crosses the axis V; in one only point
(this means that n is only O for a very narrow
interval of V;).

5-4878,2
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Fig. 5 - Output characteristic of the circuit in

fig. 4
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SYSTEM WITH DIGITAL CONTROL

In this system the speed information is given to the
circuit by a binary code made up of 5 information
bits plus one sign bit, which determines whether
the movement shall be clockwise or counter-
clockwise. For the circuit implementation, the
integrated circuits L291 (which includes a D/A
converter and two operational amplifiers) and
L292 are used.

A simplified circuit diagram is shown in fig. 6.
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Fig. 8 - Output characteristic of the circuit in

fig. 7
n 4
(rpm)
2000
LS
1600 12
1200
800
400
Speed code
-32 -2 -6 -8 8 16 24 32
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-800 1:Im=200mA
2ZIm=1A
-1200
2 T -1600
1
Rased $-5872

prevent that the speed vary in function of the
motor load, by adding a current loop in the control
circuit, by using the remaining operational ampli-
fier available in the integrated circuit L291.

Since this amplifier has only the inverting input
available, while the non-inverting input is ground-
ed, a circuit arrangement as schematically shown in
fig. 9 has been adopted in order to have an output
signal referred to ground, given an input signal re-
ferred to a reference voltage (in L292) of approxi-
mately 8V.

Fig. 10 - Complete circuit with current feedback

Fig. 9 - Translator circuit

OVgKRIm

|

Rg

Resistors Ra and Rg must be high-precision
resistors in order to have output 0 with no I,
current present. In the practical implementation,
resistors with an accuracy of 5% are used and the
ends of a potentiometer are interposed between
resistors Rg and the output to the sum point of
the error amplifier is made through the cursor. The
gain of this current loop is proportional to the
ratio R3/Rg. A complete circuit diagram is shown
in fig. 10.

Since, for reasons of gain, resistor Rg must be
27 k& and, if connected to pin 7 of L292, should
have subtracted too much current by thus affecting
the correct operation of L292, it has been connec-
ted to pin 11, having the same potential as pin 7.
Consequently, the resistance value between pin 11
and ground has been modified, in order to main-
tain the switching frequency of L292 unchanged.
In order to have a correct adjustment of potentio-
meter P1, it is enough to set the O speed code (by
through bg high) and turn the cursor until the
motor stops.

The input versus output characteristic obtained
with the circuit of fig. 10 is indicated in fig. 11.
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A DESIGNER'S GUIDE TO THE
L290/L291/L292 DC MOTOR SPEED/POSITION

CONTROL

SYSTEM

The L290, L291 and L292 together form a complete microprocessor-controlled DC motor
servopositioning system that is both fast and accurate. This design guide presents a descrip-
tion of the system,detailed function descriptions of each device and application information.

The L290, L291 and L292 are primarily intended
for use with a DC motor and optical encoder in the
configuration shown schematically in figure 1. This
system is controlled by a microprocessor, or micro-
computer, which determines the optimum speed
profile for each movement and passes appropriate
commands to the L291, which contains the sys-
tem’s D/A converter and error amplifiers. The

L291 generates a voltage control signal to drive the
L292 switchmode driver which powers the motor.
An optical encoder on the motor shaft provides
signals which are processed by the L290 tacho-
meter converter to produce tacho voltage feedback
and position feedback signals for the L291 plus
distance/direction feedback signals for the control
micro,

Fig. 1 ~ The L290, L291 and L292 form a complete DC motor servopositioning system that connects

directly to microcomputer chips.
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THE L290 TACHOMETER CONVERTER

The L290 tachometer converter processes the three
optical encoder signals FTA, FTB, FTF to generate
a tachometer voltage, a position signal and feed-
back signals for the microprocessor. It also gene-
rates a reference voltage for the system’s D/A
converter.

Analytically, the tacho generation function can be
expressed as:

TACHO =
dVag FTA dVaa  FTB
dt IFTA| dt IFTBI

In the L290 (block diagram, figure 4) this function
is implemented by amplifying FTA and FTB in A1
and A2 to produce Vap and Vag. Vpaa and
V ag are differentiated by external RC networks to
give the signals Vpga and Vg which are phase

Fig. 4 - The L290 processes the encoder signals, generating a tacho voltage and position signal for the
L2917 plus feedback signals for the microprocessor. Additionally, it generates a refence voltage

for the L291's D/A converter.
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shifted and proportional in amplitude to the speed
of rotation. Vyya and Vg are passed to multi-
pliers, the second inputs of which are the sign of
the other signal before differentiation.

FTA FTB , . .
or ——— is provided by the
TFTAl O TFTB[ ©° Provieed v

comparators CS1 and CS2. Finally, the multiplier
outputs are summed by A3 to give the tacho signal.
Figure 5 shows the waveforms for this process.

The sign |(

This seemingly complex approach has three im-
portant advantages. First, since the peaks and nulls
of CSA and CSB tend to cancel out, the ripple is
very small. Secondly, the ripple frequency is the
fourth harmonic of the fundamental so it can be
filtered easily without limiting the bandwidth of
the speed loop. Finally, it is possible to acquire
tacho information much more rapidly, giving a
good response time and transient response.

Feedback signals for the microprocessor, STA, STB
and STF, are generated by squaring FTA, FTB and
FTF. STA and STB are used by the micro to keep
track of position and STF is used at initialization
to find the absolute position.

Position feedback for the L291 is obtained simply
from the output of A1.

TACHO VOLTAGE
O outPuT 10 L291

POSITION
FEEDBACK
T0 L291

Fig. 5 - These waveforms illustrate the generation
of the tacho voltage in the L290. Note
that the ripple is fourth harmonic. The
amplitude of TACHO is proportional to
the speed of rotation.
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Fig. 7 - The L292 switchmode driver receives a control voltage from the L2917 and delivers a switchmode

regulated current to the motor.

CURRENT FEEDBACK
FROM MOTOR

CURRENT

FROM L291

S s95s SWITCHING

The L292 incorporates its own voltage reference
and all the functions required for closed loop cur-
rent control of the motor. Further, it features two
enable inputs, one of which is useful to implement
a power on inhibit function.

The L292's output stage is a bridge configuration
capable of handling up to 2A at 36V. A full bridge
stage was chosen because it allows a supply voltage
to the motor effectively twice the voltage allowed
if a half bridge is used. A single supply was chosen
to avoid problems associated with pump-back
energy.

I Ll =T
’ POWER ON
FREQUENCY

SENSE
RESISTORS

INHIBIT

In a double supply configuration, such as the
example in figure 8a, current flows for most of the
time through D1 and Q1. A certain amount of
power is thus taken from one supply and pumped
back into the other. Capacitor C1 is charged and
its voltage can rise excessively, risking damage to
the associated electronics.

By contrast, in a single supply configuration like
figure 8b the single supply capacitor participates in
both the conduction and recirculation phases. The
average current is such that power is always taken
from the supply and the problem of an uncontrol-
led increase in capacitor voltage does not arise.

Fig. 8 - A simple push pull output (a) needs a split supply and the device can be damaged by the voltage
built up on C1. The L292 has a bridge output to avoid these problems. Only one supply is needed
and the voltage across the single capacitor never rises excessively. Moreover, the motor can be
supplied with a voltage up to twice the voltage allowed with a half bridge.
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Fig. 12 -~ Complete application circuit of the system.
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Fig. 13 - P.C. board and component layout (1:1 scale)
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When the system is powered up the mechanical
subsystem may be in any position so the first step
is to initialize it. In applications where the optical
encoder never rotates more than one revolution —
the daisy wheel of a typewriter, for example —
this is simply done by rotating the motor slowly
until the STF signal (one-pulse-per-rotation) is
detected.

Where the optical encoder rotates more than once
the ‘one-pulse-per-rotation’ signal is not sufficient.
An example of this is the carriage positioning servo
of a computer printer. In this case the simplest
solution is to fit a microswitch on one of the
endstops. First the motor is run backwards slowly
until the carriage hits the endstop. Then it moves
forward until the STF signal is detected. The
beauty of this solution is that the endstop micro-
switch does not need to be positioned accurately.

APPLICATION CIRCUITS

The complete circuit is shown in figure 12; a suit-
able layout for evaluation is given in figure 13.
Component values indicated are for a typical
system using a Sensor Technology STRE1601
encoder and a motor with a winding resistance of
50 and an inductance of 5 mH (this motor is
described fully in figure 17). How to calculate
values for other motors is explained further on.

Figure14 explains what each component does and
what happens if it is varied. Maximum and mini-
mum values are also indicated where appropriate.

Fig. 15 - For higher power external transistors are added to the L292. This circuit delivers up to 4A, if

ADDING DISCRETE TRANSISTORS FOR
HIGHER POWER

In the basic application, the L292 driver delivers
2A to the motor at 36V.This is fairly impressive for
an integrated circuit but not enough for some ap-
plications — robots, machine tools etc. The basic
system can be expanded to accomodate these
applications by adding external power transistors
to the L292. This is preferable to simply adding a
discrete driver stage in place of the L292 because
the L292’s current control loop is very useful.

Figure 15 shows how four transistors are added to
increase the current to 4, 6 or 8A, depending on
the choice of transistor. When coupled to the L.290
and L291 this configuration appears to the system
asan L292.

The average motor current, |, is found from:
_ V; 0.044
m Rx
where V; is the input voltage and Ry is the value
of the sense resistors R7 and R8.

Suitable transistors for this configuration are in-
dicated below:

FHA) [ VilV)] Rx(m@) | Q1,Q2 Q3,04 D1 - D4
4 9.1 100 BD708 BD707 | 2A Fast diodes
6 9.1 65 B8D908 BD907 3A Fast diodes
8 9.1 50 BDWS52A | BDW5S1A | 4A Fast diodes

2 BDW51A and 2 BDW52A are used it can deliver 8A.
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DESIGN CONSIDERATIONS

The application circuit of figure 12 will have to be
adapted in most cases to suit the desired perform-
ance, motor characteristics, mechanical system
characteristics and encoder characteristics. Essen-
tially this adaptation consists of choosing appro-
priate values for the ten or so components that
determine the characteristics of the L290, 291
and L292.

The calculations include:

a  Calculation of maximum speed and acceleration;
useful both for defining the control algorithm
and setting the maximum speed.

m  Calculation of R8 and R9 to set maximum
speed.

= [ aplace analysis of system to set C8, R11, R12,
R13 and R14,

s Laplace analysis of L292 loop to set the sensing
resistors and C12, C13, R15, R16, R17.

®  Calculation of values for C4 and C6 to set max
level of tacho signal.

m  Calculation of values for R6 and R7 to set D/A
reference current.

®m  Calculation of R20 to set desired switching
frequency.

MAXIMUM ACCELERATION

For a permanent magnet DC motor the acceler-
ation torque is related to the motor current by the
expression:

Ta+Tf= KT Im

where:

Im is the motor current

K is the motor torque constant

T, is the acceleration torque

T is the total system friction torque

The acceleration torque is related to angular ac-
celeration and system inertia by:

Ta= (Um+JdoetJ) a

where:

Im is the moment of inertia of the motor

Joe isthe moment of inertia of the encoder
Ji is the moment of inertia of the load
a is the angular acceleration.

In a system of this type the friction torque Ts is
normally very small and can be neglected. There-
fore, combing these two expressions we can find
the angular acceleration from:

Kt

—— .

a = -
Im +doe t L

|rn

1t follows that for a given motor type and control
loop the acceleration can only be increased by in-
creasing the motor current, lm.

The characteristics of a typical motor are given in
figure 17. From this table we can see that:

Kt = 43N cm/A (6.07 oz.in/A)

Jm = 659 cm? (092 x 107 oz.in.s?)
We also know that the maximum current supplied
by the L292 is 2A and that the moment of inertia

of the STRE1601 optical encoder, Jgg, is 0.3x107*
oz.in.s?.

The moment of inertia of the load J , is unknown
but assume, for example, that Joe + Ji. = 2 Jyy.
Therefore the maximum angular acceleration is:

6.07x2
2x0.92x107?

a = - = 6597.8 rad/s®

Fig. 17 - The characteristics of a typical DC

motar.

Motor - Parameter Value
Ugp (V) 18V
C.emf. Kg 4.5 mV/min™!
No (without load) 3800 rpm
lom (without load) 190 mA
T¢ (friction torque) 0.7 Ncm
K+ (motor constant) 4.3 Ncm/A
Amature moment of inertia 65 y. cm?
R of the motor 5.4 Q
Lpg of the motor 55 mH

MAXIMUM SPEED

The maximum speed can be found from:

Vs min® 2 VcEsat t Rs Im + Ke 2 + Ry I,y
where:

Ke €2 is the internally generated voltage
(EMF)

Ke is the motor voltage constant

Q is the rotation speed of the motor.

For example, if V¢ iy = 20V

2 Vcgsat + Rg Iy = 5V (from L292 datasheet)
Rm Im = 108V (Rp = 5.4 Q)

we obtain:

Ke 0 (E) = 4.2V



Fig. 18 ~ C4 and C6 value versus rotation speed
for various maximum tacho voltage

values.
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LAPLACE ANALYSIS OF THE SYSTEM

Suitable values for the components R11,R12,R13,
R14 and C8 can be found from a Laplace analysis
of the system. Figure 19 shows a simplified block
diagram of the system which will be useful for the
analysis.

Fig. 19

The analysis is based on the angular speed 2 and
on the motor position 8. The motor s represented,
to a first approximation, by the current |, and by
the acceleration torque, T,, which drives an inertial
load J.

There are two conversion factors, Kg, and Ko.
They link the mechanical parameters (position and
speed) with the equivalent feedback signals for the
two loops. The values of K, and K6 are deter-
mined by the encoder characteristics and the gain
parameters of the integrated circuits. The open-
loop and closed-loop gains are fixed by four ex-
ternal resistors:

® Ry — fixes the reference current (R6 + R7)

® Rgpeed — fixes the speed loop gain (R + R9)
® Rpos — controlsthe position loop gain(R12)

®  Rgrr — controls the system loop gain (R13).
The stability both of the speed loop and of the
speed-position loop are defined by external com-
ponents.
The fundamental characteristics of the speed con-
trol system can thus be determined by the designer.
Tsp is the time constant that determines the domi-
nant pole of the speed loop and is determined by
C8, R8 and R9

R8 R9

R8+R9 .

Tsp

VRt

WRsp
Ko VTacHO
LY )
o 1+s%p

5-5966/1

Vret

(*) See L292 datasheet for an accurate analysis of this block.

List of terms

s : Laplace variable

K+ : Motor torque constant

T, : Acceleration torque

T¢ : Total system friction torque

J  : Total moment of inertia (J =Jge +Jpm +J1).
£ : Speed

9 : Angular position

Ksp : Conversion . factor that links the
motor rotation speed and the TACHO
signal.

K+ : Conversion factor that links the

motor position and the V4 signal.
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and Al =0 1m max
Vs
= 0l max= o ——
2f Lm min
- 5V,
Lm min =
flm max

Therefore there is a minimum inductance for the
motor which may not always be satisfied. If this is
the case, a series inductor should be added and the
value is found from:
5V,
Lseries = —Lm
fIm max

EFFICIENCY AND POWER DISSIPATION

Neglecting the losses due to switching times and
the dissipation due to the motor current, the effi-
ciency of the L292's bridge can be found from:

- At Vsat At
Atl-At2 Vg At -At2
VOVeI’
VS

where:

Vover = 2V (2Vgg +Rg Im)
Vsat = 4V (2VcEsat + 3 Vel

A t1 = transistor conduction period

A t2 = diode conduction period.

Fig. 20

FTA

L290

If At1 > At2and Vg= 20V we obtain:
4
=] — —— = 80%
n | 20 o

In practice the efficiency will be slightly lower as a
results of dissipation in the signal processing circuit
(about 1W at 20V) and the finite switching times
(about TW).

If the power transferred to the motor is 40W, the
80% efficiency implies 10W. dissipated in the
bridge and a total dissipation of 12W. This gives an
actual efficiency of 77%.Since the L292's Multiwatt
package can dissipate up to 20W it is possible to
handle continuous powers in excess of 60W.

POSITION ACCURACY

The main feature of the system L290, L291, L292
is the accurate positioning of the motor. In this
section we will analyse the influence of the offsets
of the three ICs on the positioning precision.

When the system is working in position mode, the
signal FTA coming from the optical encoder,
after suitable amplification, is sent to the summing
point of the error amplifier (L291). If there were
no offset and no friction, the motor would stop in
a position corresponding to the zero crossing of the
signal FTA,and then at the exact position required.
With a real system the motor stops in a position
where FTA has such a value to compensate the
offsets and the friction; as a consequence there is a
certain imprecision in the positioning. The block
diagram, fig. 20, shows the parts of the 3 ICs
involved in the offsets. First we will calculate the
amount of the offsets at the input of the IC L292
(point A of fig. 20).

TACHO

L292

$-5965
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Vsa = 350 mV

50
Vea= 29 - 244mv
A" 508

Va= 2346V

Ve = 2329100 22 . 1

120 15 12.6

=0.228V

v _0.226
0.4

If we consider an optical encoder with 200 tracks/
turn and a daisy wheel with 100 characters, the
phase between two consecutive characters is
Q. = 720°, and then the maximum percentage
error we can have is.

35
720

From this numerical example we can see that the
main contribution to the positioning error is given
by the offset of the TACHO signal (Vyp), other
big contributions are given by the input offset
voltage of L292 (V5p) and by the voltage neces-
sary to compensate the dynamic friction of the
motor (Vga). This last term is only determined by
the motor and can also have greater values.

o = sin” =~ 35°

+ 100 =4.38%

The error we have calculated is the maximum pos-
sible and it happens when all the offsets have the
max value with the same sign, i.e. with a prob-
ability given by the product of the single prob-
abilities. Considering as an example every offset
has a probability of 1% to assume the max value,
the probability the error assumes the max value is:

= (1072)7 = 107"*
Fig. 21
G- 4938
speed feta
(rpm) (KHz)
800 / 66
/4’ 2.6
% -
600 4 2
“4
7
400 : // 133
/]
//
200 7 0.86
0 6 12 18 24 speed code

SPEED ACCURACY

If we consider the complete system with L290-
1L.291-L292 driving a DC MOTOR with optical

encoder, we can note the speed of the motor is
not a linear function of the speed digital code
applied to L291. The diagram of fig. 21 shows
this function and it is evident that the speed in-
creases more than a linear function, i.e. if the
speed code doubles, the speed of the motor be-
comes more than the double. The cause of this non
linearity is the differentiator network R4 C4 and
R5 C6 (see ffig. 22) that has not an ideal behaviour
at every frequency.

Fig. 22

FTA Vaa $8
O O Yma .
n R wC6

S5-59€4

1) VMA= V'AA sin«p
¢ = tg' w R5C6 w=2nf

2) VMA= VAAsin tg-l w R5 C6
= frequency of the signal FTA

This last relation gives the amplitude of the signal
Vmas it is evident there is not a linear function
between Vpa and w, like Viyya= Kw and the dif-
ference is greater if the product w R5 C6 doesn’t
respect the disequation w R5 C6 <1 ., i.e. at high
frequencies.

The phase angle between Vya and Vppa should
be 90° and then ¢ = 0, in our case g increases
with the frequency according to the equation
¢ = tg”' w R5CB, and influences the amplitude of
the output signal TACHO. In fig. 23 are shown the
waveforms that contribute to generate the TACHO
signal. A and B are the signals Vap and Vg in
phase with the input signals FTA and FTB. C and

Fig. 23
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With the guaranteed values on the L291 data sheet
we can calculate for €4 the max value:

21 uA

—_— . = o
TamA 100= 1.5%

€4 =

Another characteristic of a D/AC is the linearity,
that in our case is better than + 1/2 LSB. This
value is sufficient to guarantee the monotonicity of
lo., and then of the speed of the motor, as a func-
tion of the input digital code. The precision of
+ 1/2 LSB implies a spread of the speed at every
configuration of the input code of + 1.61% re-
ferred to the maximum speed. The max percentage
error we can have is then greater at low level speed
(+ 50% at min speed) and has its minimum value at
the maximum speed (1.61%).

ACCURACY DUE TO THE ENCODER

The amplitude of the signals FTA and FTB deter-
mines the value of the TACHO signal. This ampli-
tude must be constant on the whole range of the
frequency, otherwise it is not possible to have a
linear function between the TACHO signal and the
frequency. The spread of the amplitudes of the
two signals FTA and FTB between several encoder
can be compensated by adjusting the potentio-
meter RO (see fig. 12). The phase between the two
signals should be 90°. If there is a constant dif-
ference from this value, a constant factor reduc-
tion of the TACHO signal results that can be com-
pensated with the potentiometer R9. If the dif-
ference from 90° is random, also the reduction of
the TACHO signal is random in the same way,
and by means of R9 it is possible to compensate
only the mean value of that reduction.
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DESIGNING WITH THE L296
MONOLITHIC POWER
SWITCHING REGULATOR

A cost-effective replacement for costly hybrids, the SGS L296 Power Switching Regulator
delivers 4A at an output voltage of 5.1V to 40V and includes many popular supply features.
This comprehensive application guide explains how the device operates and how it is used.
Typical application circuits are also presented.
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Fig. 2 — Principal circuit waveforms of the fig. 1 circuit.
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where:

VC:VO

A - ve + VL (6)
dt

It follows therefore that:
VF + VO 1
L

iLt) = — (7)

The negative sign may be interpretated with the
fact that the current is now decreasing. Assuming
that Vg may be neglected against Vg, during the
OFF time the following behaviour occurs:

VO
I = t (8)
L™ L
therefore:
V,
Al = TOTOFF (9)

But, because

A = AT if follows that :
(Vi —_ VO) TON = Vo TOFF
L L

which allows us to calculate Vj:

T T
ON___ .y, N (10)

V, =V,
° T

" Ton + TorF

where T is the switching period.

Expression (10} links the output voltage V, to the
input voltage V; and to the duty cycle. The relation-
ship between the currents is the following:

! . Ton

I opC T

ipc

EFFICIENCY

The system efficiency is expressed by the following
formula:

100

P
N%= S
where

(with 15 = ILoaD)

is the output power to the load and P, is the input
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power absorbed by the system. P; is given by P,
plus all the other system losses. The expression of
the efficiency becomes therefore the following :

Po

n (12)

T Po * Pgr ¥ Pot PL + Pq + psw

DC LOSSES

Psat: saturation losses of the power transistor Q.
These losses increase as V; decreases.

Ton

Psat = Vsat * lo T = Vsat IO_\_/i— (13)
T Vv

where —O-rﬂ = _V? and Vg,¢ is the power
1

transistor saturation at current lg.

Pp: losses due to the recirculation diode. These
losses increase as V; increases, as in this case
the ON time of the diode is greater.

Pp=Vg g ———==Vg |, (1 —\—/—f’) (14)
1

Vi
where Vg is the forward voltage of the recir-
culation diode at current I5.

P_: losses due to the series resistance Rg of the
coil
PL = Rg lo? (15)

Py losses due to the stand-by current and to the
power driving current:

Pq =V I'zq *+ Vi I"3q _TON (16)
T

where being:

Ton _ Vo

=2 it follows that :

T \'A
Pg = Vil'aqg + Vo I"3q in which:
I'3q = I3q at 0% duty cycle

1"3a = 13a(100%d.c.) — !3q (0%d.c.)

SWITCHING LOSSES
psw: switching losses of the power transistor:
tr

2T

Psw = Vilo

The switching losses of the recirculation diode are



Calculating dv, and equalizing it to AV, it follows
that: LAL
AVg=——2—  (24) for+Alg
CIV; —Vg)
L Al
Avg = —2— (25)  for - Alg
A

From these two expressions the dependence of over-
shoots and undershoots on the L and C values may
be observed. To minimize AV, it is therefore neces-
sary to reduce the inductance value L and to in-
crease the capacitance value C. Should other auxili-
ary functions be required in the circuit like reset or
crowbar protections and very variable loads may be
present, it is worthwhile to take special care for mi-
nimizing these overshoots, which could cause
spurious operation of the crowbar, and the under-
shoot, which could trigger the reset function.

DEVICE DESCRIPTION

Fig. 4 shows the package in which the device is
mounted and the pin function assignments.

The internal structure of the device is shown in
fig. 5. Each block will now be examined.

Power supply

The device is provided with an internal stabilized
power supply that, besides supplying the reference
voltage of 5.1V for the whole system, also supplied
the internal analog blocks.

Special features of the voltage reference are its ac-
curacy, temperature stability and high line rejection.
Through zener-zap trimming, the voltage is within
+ 2%limits.

Fig. 4 — Pin assignments of the L296.
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Fig. 5 — Block diagram of the L296. In addition to the basic regulation loop the device includes functions

such as reset, crowbar and current limiting.
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due to the switching delays of the comparator. This
inaccuracy in caused by an excessively short rise
time of the voltage. A capacitance value too high
gives rise to a charging time which is too long com-
pared to the discharging time. An additional inac-
curacy cause would be therefore present for the
switching frequency, now due to spread of the
charge current.

Tha oscillation frequency is given by the following
formula:

1

f (26)

osc ~
Rosc Cosc

PWM (see fig. 9)

The PWM signal is generated on the comparator
output; the triangular-shaped waveform and the
continuous signal coming from the output of the
transconductance error amplifier are sent to its
inputs. The PWM signal is then transferred to the
driving stage of the output power transistor.

A
SOFT START (see fig. 9)

Soft start is an essential function for correct start-
up, to prevent stresses and possible breakdown
from occurring in the power transistor and to ob-
tain a monotonically increasing output voltage.

In particular, the L296, as itdoes not have any duty
cycle limitation and due to the type of currentlimi-
tation does not allow the output to be forced to a

steady state without the aid of the soft-start facility.
Soft-start operates at the start-up of the system,
after the inhibit has been activated, after an inter-
vention of the currentlimitation and after the inter-
vention of the thermal protection.

The soft-start function is realized through a capaci-
tor connected to pin 5 which is charged at constant
current (= 100uA) up to a value of about VRgf.
During the charging time, through PNP transistor
Q58, the voltage on pin 9 is forced to increase with
the same rising speed as on pin 5. Starting from the
discharged capacitor condition (pin 5 voltage = 0V)
the power transistor is in the OFF condition, as the
voltage on pin 9 is smaller than the minimum level
of the ramp voltage. As the capacitor is charged,
the PWM signal begins to be generated as soon as
the error amplifier output voltage crosses the ramp;
the power stage starts to switch with steadily in-
creasing duty cycle. This behaviour is shown in
fig. 10. As soon as the steady condition is reached
the duty cycle sets itself to the right value due to
the effect of the feedback network while the soft-
start capacitor completes its charging to avalue very
close to VREE.

The soft-start effect is determined, apart from the
switch-on time, when the current limitation oper-
ates, due to either an overload or a short circuit, to
keep the mean value of the current absorbed by the
power supply low.

Moreover from fig. 11 it may be observed that
since the voltage on pin 9 can decrease under the
minimum ramp level and increase over the maxi-
mum level no limitations have been provided on
the duty cycle, which therefore may vary between
0 and 100%.

Fig. 9 — Partial internal schematic showing PWM and soft start blocks.
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Css (V, —0.5V)

tstart-up = s
s0

where Cgg is the soft-start capacitor and Igeg is the
charging current.

Considering as the soft-start time the time required
for the soft-start capacitor to charge from (1.2V-
0.5V) to Vr — 0.5V, gives:

tes = Css (Vr — 1.2) (28)
Isso

substituting Vy from (27) gives:

substituting into (28) gives:

()

tss=iss——(Ee -1.2)
Isso
SYNCHRONIZATION

The synchronization function is available on pin 7,
this function allows the device to be switched at an
externally generated frequency (leaving pin 11
open), or to mutually synchronize several devices,
using one of them as master and the others as
slave (Fig. 12).

This allows several devices to be operated at the same
frequency, avoiding undesirable intermodulation
phenomena. The number of mutually synchron-
izable devices is obviously much greater than the

three devices shown in the figure. It is anyway dif-
ficult to establish an exact maximum number of
devices, as it depends on different conditions.

The first consideration concerns the accuracy which
must be achieved and maintained on the oscillation
frequency. Since the bias current on pin 7 is an out-
put current, the sum of all the bias currents must
be much smaller than the capacitor discharge cur-
rent in close proximity to the lower discharge thre-
shold. Therefore, assuming Cyge = 2.2 nF and
Rosc = 4.3 KQ, it follows that:

1.2V

- = 280uA
43 KQ
Assuming that a 10% variation may be accepted,
it follows therefore that the number of synchron-
izable devices is given by:

28 LA

'bias max

This means that if the overall Ihj,g is too high it
may modify the discharging time of the capacitor.

The second consideration concerns the layout
design.

In the presence of a great number of devices to be
synchronized, the lenght of the paths may become
significant and therefore the distributed inductance
introduced along the paths may begin to modify
the triangular shaped waveform, particularly the
rising edge which is very steep. This effect would af-
fect the devices that are physically located more
distant from the master device.

The amplitude of the saw-tooth to be externally
connected must be within 0.5V and 3.5V, values
also representing the maximum swing of the error
amplifier output.

Fig. 12 — In multiple supplies several L296°s can be synchronized as shown here.
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Fig. 14a — Current limiter waveforms.
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Fig. 14b — Load current in short circuit condit-
ions (V= 40v, L =300 /J,H f= 100 KHz)
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Fig. 14c — Current at pin 2 when the output is
short circuited,

t: bms/div

RESET

The reset function is of great importance when the
device is used to supply microprocessors, logic de-
vices, and so on. This function differentiates the
SGS L296 device from all previous devices. The
block diagram of the function is shown in fig. 15.
A reset signal is generated when the output voltage

5-6596/1

is within the limits required to supply the micro-
processor correctly.

The reset function is realized through the use of 3
pins: the reset input pin 12, the reset delay pin 13
and the reset output pin 14. When the voltage on
pin 12 is smaller than 5V the comparator output is
high and the reset capacitor is not charged because
the transistor Q is satured and the voltage on pin
14 is at low level, since Q2 is saturated, too. When
the voltage on pin 12 goes above 5V, the transistor
Q switches OFF and the capacitor can start to
charge through acurrentgenerator of about 100 UA.
When the voltage on pin 13 goes above 4.5V the
output of the related comparator switches low and
the pin 14 goes high. As the output consists of an
open collector transistor, a pull-up external resist-
ance is required. In contrast, when the reset input
voltage goes below 5V, less a hysteresis voltage of
about 100 mV, the comparator triggers again and
instantaneously sets the voltage on pin 14 low,
therefore forcing to saturation the Q1 transistor,
that starts the rapid discharge of the capacitor.
Obviously, the reset delay is again present when
the voltage on pin 13 is allowed to go under 4.5V.

To achieve switching operations without uncer-
tainties the two comparators have been provided
with an hysteresis of about 100 mV. In every oper-
ating condition the reset switching is guaranteed
with a minimum reset input of 4.75V, the value
required for correct operation of the microproces-
sor even in the presence of the minimum VREgF
value.

Normally pin 12 is used connected to pin 10. When
it is connected to the output, the function may be
more properly called “reset’’; on the other hand,
when it is connected through resistive divider, to
the input voltage, the function is called '"‘power
fail”’. Fig. 16 and fig. 17 show the two possible
usages.

The “‘power-fail’”’ function is used to predict, with
a given advance, the drop of the regulator output
voltage, due to main failures, which is enough to
save the data being processed into protected mem-
ory areas. Fig. 18 summarises the reset function
operation.
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CROWBAR

This protection function is realized by acompletely
independent block, using pin 1 as input and pin 15
as output. It is used to prevent dangerous overvolt-
ages from occurring when the output exceeds 20% of
rated value. Pin 15 is able to outputa 100 mA cur-
rent to be sent to the gate of a SCR which, trig-
gering, short circuits either output or the input.
When connected to the input, as the SCR is trig-
gered a fuse in series connected to power supply
is blown and to bring the system back to operation
manual intervention is requested. Figs. 19, 20 and

21 show the different configurations.

When the voltage on pin 1 exceeds by about 20%
the VReF value the output stage is activated, which
sends a current to the SCR gate, after a delay of
about 5 Usec to make the system insensitive to low-
duration spikes. When activated, the output stage
delivers about 100mA; when not activated, it drains
about 5 mA and shows a low impedance to the SCR
gate to avoid uncorrect triggering due to random
noise. If the crowbar function is not used connect
pin 1 to ground.

Fig. 19 — Connection of crowbar circuit at output for 5,1V output applications.
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Fig. 20 — Connection of crowbar circuit at output for output voltages above 5.1V,
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Fig. 21 — Connection of crowbar circuit to protect input. When triggered, the SCR blows the fuse.
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INHIBIT

The inhibit input (pin 6) is TTL compatible and is
activated when the voltage exceeds 2V and deacti-
vated when the voltage goes under 0.8V. As may
be seen in the block diagram, the inhibit acts on
the power transistor, instantansously switching it
off and also acts on the soft-start, discharging its
capacitor. When the function is unused, pin 6 must
be grounded.

O INPUT
CROWBAR

THERMAL PROTECTION

The thermal protection function operates when the
junction temperature reaches 150°C; it acts directly
on the power stage, immediately switching it off,
and on the soft-start capacitor, discharging it. The
thermal protection is provided with hysteresis and,
therefore, after an intervention has occurred, it is
necessary to wait for the junction temperature to
decrease of about 30°C below the intervention
threshold.
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Fig. 23 — Oscilloscope photographs showing main
waveforms of the figure 22 circuit.

t: 2us/div

The oscilloscope photographs of the main wave-
forms are shown in fig. 23. The output voltage rip-
ple AV depends on the current ripple in the coil
and on the performance of the output capacitor at
the switching frequency (100 kHz). A capacitor
suitable for this kind of application must have a
low ESR and be able to accept ahigh currentripple,
at the working frequency. For this application the
Roederstein EKR series capacitors have been selec-
ted, . designed for high frequency applications
(>200 kHz) and manufactured to show low ESR
value and to accept high current ripples. To mini-
mize the effects of ESR, two 100 uF/40V capaci-
tors have been connected in parallel. The behaviour
of the impedance as a function of frequency is
shown in fig. 24,

Also the selection of the catch diode requires
special care. The best choice is a Schottky diode
which minimizes the losses because of its smal-
ler forward voltage drop and greater switching fre-
quency rate. A possible limitation comes from
the backward voltage, that generally reaches 40V
max.

When the full input voltage range of the device is
required in this application it is possible to use
super fast diodes with 35 to 50 ns rated recovery
time, where no more problems on the backward
voltage occur (on the other hand, they show a
greater forward voltage). The use of slower diodes,
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with trr = 100 ns or more is not recommended;
The photographs in fig. 25 show the effects on the
power current and on the voltage on pin 2, due to
the diodes showing different speeds. Diodes showing
trr greater than 35-50 ns will reduce the overall ef-
ficiency of the system, increasing the power dis-
sipated by the device.

The third component requiring care is the inductor.
Fig. 22a shows the part numbers of some types used
for testing. Besides having the required inductance
value, the coil has to show a very high saturation
current,

Therefore, a correct dimensioning requires a satu-
ration current above the maximum value of I,
the current limit threshold.

To achieve high saturation with ferrite cores an air
gap between the two core halves must be provided;
the air gap causes a leakage flux which is radiated in
the surrounding space. To better limit this pheno-
menon ''pot cores’’ may be used, whose geometry
is such to better limit the flux radiated to the out-
side.

Using toroidal cores, for instance of Magnetic
58930-A2 moly-permalloy kind, both the require-
ments of high saturation and low leakage flux are
satisfied. The saturation is softer that the saturation
shown by the ferrite materials. The air gap is not
concentrated in one area, but is finely distributed
along the whole core; this gives the low leakage
flux value.

Careful selection of the external components there-
fore allows the realization of apowersupply system
whose benefits are significant when compared to a
system with the same performance butrealized with
the linear technique.

Fig. 24 — Typical impedance/frequency curves for

EKR capacitors.
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Linear Switching
Transformer 62 VA 30 VA
Heatsink 0.8 °C/W 11 °C/W

This comparison shows that the L296 switching
regulator allows a saving of roughly 50% on the
cost of the transformer and an impressive 80-90%
on the cost of the heatsink. Considering also
the extra functions integrated by the L296 the
total cost of active and passive components is
roughly the same for both types.

Finally, it is important to note that a lower power
dissipation means that the ambient temperature in
the regulator enclosure can be lower - particularly
when the circuit is enclosed in a box - with all the

advantages cooler operation brings.

If for some reason it is necessary to use higher sup-
ply voltages the switching technique, and hence the
L.296, becomes even more advantageous.

LOW COST APPLICATION AND
PREREGULATOR

Fig. 26 shows the low cost application of a 4A and
Vo = 5.1V power supply. A minimum amount of
essential external components is required, which
are necessary for correct operation. It is impossible
to save other components, specially the soft-start
capacitor. Without soft-start, the system cannot
reach the steady state and there is also aserious risk
of damaging the device.

Fig. 26 — A minimal component count 5.1V /4A supply.
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This application is very well suited not only as a
low-cost power supply, but also as pre-regulator for
post-regulators distributed in different circuit points,
or even on different boards (Fig. 27). The post-regu-
lators may be selected among the low-drop types,
like L4805 and L387 for example, still obtaining
a high efficiency, combined with an excellent regu-
lation. The use of L387 device allows us to use also
the reset function, useful to power a micropocessor.

POWER SUPPLY COMPLETE WITH
TRANSFORMER

Fig. 28 shows a power supply complete of trans-
former, bridge and filter, with regulation on the
output voltage from 5.1V to 15V.

As already stated above, the output capacitors have
to show some speciale features, like low ESR and
high current ripple, to obtain low voltage ripple

5
s 220F

values and high reliability. The input filter capaci-
tors must not be neglected because they have to
show excellent features, too, having to supply a
pulsed current, required by the device at the
switching frequency. The current ripple is rather
high, greater than the load current. For this appli-
cation, two parallel connected 3300 UF/50V EYF
(ROE) capacitors have been used.

POWER SUPPLY WITH MAINS
SWITCHING PREREGULATOR

When it is desirable to eliminate the 50/60 Hz
transformer — in portable or volume-limited equip-
ment—a mains preregulator can be added to reduce
the input voltage to a level acceptable for the L296.
In this case the pre-regulator circuit is connected to
the primary of the transformer which now operates
at the switching frequency and is therefore smaller
and lighter.
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Fig. 28A — A multiple output supply using a switching preregulator rather than a mains transformer.
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POWER SUPPLY WITH 0 - 30V ADJUST-
ABLE VOLTAGE

When output voltages lower than 5V are required,
the circuit shown in fig. 29 may be used.

Calibration is performed by grounding the P1 sli-
der. Acting on P2, the current which flows through
the 10 k2 resistor is fixed at approximately 2.5mA
to obtain an output voltage of 30V. The equivalent
circuit is shown in fig. 30.

Acting now on the slider of P1, the current flow-

3 :j ;, +1ZV(3A)

__l 7 E é
JI

ing through the divider may be varied. The new
equivalent circuit is shown in fig. 31.

Reducing the current flowing, also the voltage drop
across the 10k resistance is reduced, together
with V. When the current reaches zero, it follows
that Vo = VRefF.. When the voltage on the slider
of P1 exceeds VREF, the current start to flow in
opposite direction and Vg begins to decrease below
5V.

When I, x 10KQ = VRrEF it follows that Vo = 0.

Fig. 29 — Variable 0-30 V supply illustrating how output voltages below 5.1V are obtained.
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Fig. 33 — Microcomputer supply with 5V, -5V, 12V and -12V outputs.
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The two devices are mutually synchronized not to
give rise to intermodulation which could generate
unpleasant noise and, at the same time, a further
component saving is achieved.

The crowbar function is implemented on both 5V
and 12V outputs, using a single SCR connected to
the input. The latter, by discharging to ground the
electrolytic filter capacitors, blows the fuse con-
nected in series with the devices power supply. In
this way, should a faulty be present on either of
the main outputs, the supply is switched off for
whole system.

S
I 2.2pF 5-6620

To inhibit both the devices with a single input sig-
nal, it is possible to connect the two inhibit inputs
(pin 6) together; the 5K resistance is used when
the inhibit input is left open. If this input is not
used it must be grounded.

As may be noted in the diagram, to obtain the two
auxiliary voltages is very simple and cost-effective.

It is suggested that the diodes are fast types (trr<
50 nsec); should slower diodes be required some
more turns have to be added to the auxiliary win-
ding.
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MOTOR CONTROL

The L296 is also suitable for use in motor controls
applications. Fig. 36 shows how to use the device
to drive a motor with a maximum power of about
100W and provided with a tachometer generator
for a good speed control.

HIGHER CURRENT REGULATORS

It is possible to increase the output current to the
load above 4 A through the use of an external power
transistor. Fig. 37 shows a suitable circuit. The fre-
quency is around 40 kHz to prevent the device from
loosing excessive power due to switching on the
external power.

Fig. 36 — With a tacho dynamo supplying feedback the L296 can be used as a motor speed controller.

The circuits shown in fig. 38 and fig. 39 show how
current limitation may be realized in two different
ways: through a sensing resistor connected in series
with the collector of the external power transistor
or through a current transformer.

In the first case, the sensing resistor is a low value
resistor able to withstand the maximum load cur-
rent required. The Vg of the power transistor is
higher than its Vcgsat; when the resistor is connec-
ted in series to the collector Vg is reduced; conse-
quently since the overall dissipated power is cons-
tant, the power dissipated by the sensing resistor is
subtracted from that dissipated by the power tran-
sistor. The values indicated in figs. 38 and 39 reali-
ze adjustable current limitation for load currents
around 10A.
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Fig. 37 — The output current may be increased by adding a power transistor as shown in this circuit.
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Fig. 40 — A step-up converter using a power MOS transistor.
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Fig. 41 — Basic schematic for step-up configurat-

ions.
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In this configuration, unlike the step-down con-
figuration, the peak current is not strictly related
to the load current. The energy stored in the coil is
successively discharged across the load when the
transistor switches OFF. To calculate the |, load
current, the following procedure may be used:

1 2
3 L lpeak = Vo lo T

2 2 2
L =L leeak _ Vi_ Ton
2V T 2LVoT

For a greater output power to be available, the
internal limitation must be replaced by an external
circuit to protect the external power devices and to
limit the current peak to a convenient value. A dual
comparator (LM393) with hysteresis is used to
avoid uncertainties when the current limitation
operates. The electric diagram is shown in fig. 42.

D1= D2=BYWS80
L296
2 L=100uH D2 Vo =35V
OSU,T:GUE\' . Y QO0.5A
2x100 uF
REFERENCE]
e RS ]m
< 510 33KN
l'ﬁﬁ 10
SGSP321
12 RS
RESET % l 47K O
B
=,
IZ.Z KF 5-6780
LAYOUT CONSIDERATIONS

Both for linear and switching power supplies when
the current exceeds 1A a careful layout becomes
important to achieve a good regulation. The prob-
lem becomes more evident when designing switch-
ing regulators in which pulsed currents are over im-
posed on dc currents. In drawing the layout, there-
fore, special care has to be taken to separate ground
paths for signal currents and ground paths for load
currents, which generally show a much higher value.

When operating at high frequencies the path length
becomes extremely important. The paths introduce
distributed inductances, producing ringing phenom-
ena and radiating noise into the surrounding space.

The recirculation diode must be connected close to
pin 2, to avoid giving rise to dangerous extra nega-
tive voltages, due to the distributed inductance.

Fig. 43 and fig. 44 respectively show the electric
diagram and the associated layout which has been
realized taking these problems into account. Greater
care must be taken to follow these rules when two
or more mutually synchronized devices are used.

1563



Fig. 43 — Typical application circuit showing how the signal and power grounds are connected.
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Fig. 44 — A suitable PCB lay)out for the figure 43 circuit realized in accordance with the suggestions i
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Fig. 50

Fig. 51

Fig. 52

function of the distance between two dissipating

elements whose dissipated power is fairly different

(ratio 1 to 4). This graph may be useful in appli- 1

cation with two L296 synchronized. |
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In the application a series RC network is recommend-
ed which gives high system gain at low frequency —
to ensure good precision and mains ripple rejection
and a lower gain at high frequencies to ensure stab-
ility of the system. Figure A2 shows the gain and
phase curves of the uncompensated error amplifier,

The amplifier has one pole at about 7 kHz and a
phase shift which reaches about — 90° at frequen-
cies around 1 MHz.

The introduction of a series network Re C¢ be-
tween the output and ground modifies the circuit
as shown in figure A3.

Figure A4 shows the gain and phase curves of the
compensated error amplifier.

Fig. A3 — Compensation network of the error
amplifier.

5-6858

Fig. A4 —Bode plot showing gain and phase of
compensated error amplifier.

o — — — UNCOMPENSATED
S AN N COMPENSATED

.

|

i o
| 180 W
/ N\ \ &
X ‘ 135 O
u N ! w
+ IL T AN —:~ 90 ‘é’
| L ! | &
1 1 1 1
2TTRoCc  2TRcCc  2TMRoCo  2MRcCo  s-6857

CALCULATING THE STABILITY

For the stability calculation refer to the block dia-
gram shown in figure A5.

The transfer functions of the various blocks are re-
written as follows.

The simplified transfer function of the compensated
error amplifier is:

1+sR. Cc (G = 1
T T ™ 2500

Gea = 9m Zc )

The DC gain must be considered equal to
Ao = 9m Ro
PWM block and output stage:

Vi

Gpwm =
Vct

LC FILTER:
1+sC- ESR

G s ——
LC = SZC+sCESR+1

where ESR is the equivalent series resistance of the
output capacitor which introduces a zero at high
frequencies, indispensable for system stability. Such
a filter introduces two poles at the angular fre-
quency.

1

V LC

Refer to the literature for a more detailed ana-
lysis.

Feedback: consists of the block labelled &
a =1 when Vg =VRee (and therefore Vg = 5.1V)
and

Wo =

Ra

o= ———=— when V, \%
Ry + Ay o > VREF

Fig. A5 — Block diagram used in stability calculat-

mon
v L
+ i — I
VRef ~ Imic Vet [4 I v
2
5- 6852

To analyse the stability we will use a Bode diagram.
The values of L and C necessary to obtain the re-
quired regulator output performance, once the fre-
quency is fixed, are calculated with the following
formulae:

(Vi = Vo) Vo
v Al
(Vi — Vo) Vo
8L 2 Av,

Since this filter introduces two poles at the angular
frequency

L =

C =

Wo = ———
\/ LC
we place the zero of the R. G network in the same

place:

Wy =
" R.C.
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generally found distributed along the strips of the
printed circuit board.

Fast switching of the power transistors tends to
cause ringing and oscillations as a result of the
parasitic elements. The use of a diode with a fast
reverse recovery time (trr) contributes to a re-
duction in the noise flowing by the current peak
generated when the diode is reverse biased.

Radiated interference is usually reduced by enclos-
ing the regulator in a metal box.

To reduce conducted electromagnetic interference
(or radio frequency interferences — RFI) to the
levels permitted a suitably dimensioned filter is ad-
ded on the supply line. The best method, generally,
to reduce conducted noise is to filter each output
terminal of the regulator. The use of a fixed switch-
ing frequency allows the use of a filter with a rela-
tively narrow bandwidth. For off-line switching re-
gulators this filter is usually costly and bulky. In
contrast, if the device is supplied from a 50/60 Hz
transformer the RFI filter problem is greatly re-
duced.

Tests have been carried out at the laboratories of
Roederstein to determine the dimensions of amains
supply filter which satisfies the VDE 0871/6.78,
class B standard. The measurements (see figs. B1
and B2) refer to the application with the L296 sup-
plied with a filtered secondary voltage of about 30V,
with Vg = B.1V and |, = 4A. The switching fre-
quency is 100 kHz.

Figure B1 shows the results obtained by introduc-
ing on the transformer primary a 0.01 uF/250V~
class X capacitor (type ERO F1772-310-2030). To
reduce interference further below the limit set by
the standards an additional inductive filter must be
added on the primary of the transformer.

Figure B2 shows the curves obtained by introducing
this inductive filter (type ERO F1753-210-124).

Measurements have also been performed beyond
30 MHz; the maximum value measured is still well
below the limit curve.

Fig. B1 — EMI! measurements with a capacitor con-
nected across the primary transformer
with screen grounded (A) and floating (B)
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Fig. B2 — EMI results with the addition of an in-

ductive filter on the mains input.
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DESIGNING MULTIPLE-OUTPUT
POWER SUPPLIES WITH THE L296 AND L4960

Multiple output supplies can be realized simply and economically using the SGS L296 and L4960 high
power switching requlators. This note describes several practical circuits of this type.

Most of the switching regulators produced today
have multiple outputs. The output voltages most
frequently used - at least for powers up to 50W -
are +5V -5V, +12V and -12V. In these supplies the
5V output is normally the output which delivers
the highest current and requires the highest pre-
cision. For the other voltages - particularly the
negative outputs - less precision (5% *7% ) is
usually sufficient. Often, however, for high current
12V outputs better stabilization and greater
precision (typically +4% - the output tolerance of
an L7800 series linear regulator) are required.

Multiple output supplies which satisfy these re-
quirements can be realized using the SGS L296 and
L4960 high power switching regulator ICs, Several
practical supply designs are described below to
illustrate how these components are used to build
compact and inexpensive multi-output supplies.

DUAL OUTPUT 15W SUPPLY

Vo1 =5V/3A, Vo2 =12V/150mA

A single L296 is used in this application to produce
two outputs. The application circuit, Figure 1, il-
lustrates how the second output (12V) is obtained
by adding a second winding to the output in-
ductor. Energy is transferred to the secondary
during the recirculation period when the internal
power device of the L296 is OFF.

Since the 12V output is not separated from the 5V
output fewer turns are necessary for the second
winding, therefore less copper is needed and load
regulation is improved.

In applications of this type it is a good rule to
ensure that the power drain on the auxiliary out-
put is no more than 20-25% of the power delivered
by the main output.
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Fig. 2 - Dual output DC-DC converter (5V/1.5A, 12V/100mA)

1000 uF
+15V to 35 vo—‘,—ﬂ

4

S0V

2.2nF I KN L4960

15 3
4
ka ..L ézz}m
33nF I
I S-8057/1

Transformer: magnetics 58206, N1 = 30 turns, N2 = 40 turns

TABLE 2
Parameter Vo1 Vo2 Unit
Output voltage Vij=25V
lo1=15A lo2 = 100mA 5.050 12.010 [Vl
Output ripple 50 30 [mV]
Line regulation 15V < Vi< 35V
lo1=15A lo2 = 100mA 7 75 [mV]
Line regulation 15V < Vi < 35V
lo1 = 500mA lo2 = 50mA 7 60 [mV]
Load regulation Vi =25V
lo1 =0.5A = 1,6A lo2 = 100mA 3 100 [mV]
Load regulation Vi=25V
lo1 = 500mA lo2 = 50mA = 100mA 0 55 [mV]
Load regulation Vij=25V
lo1 = 1.5A lo2 = 50mA => 100mA 0 50 [mV]
Vi =25V
Efficiency lo1 = 1.5A 78 %
lo2 = 100mA
TRIPLE OUTPUT 15W SUPPLY used.

To ensure good tracking of the 12V and -12V
Vol = 5V/3A, Vo2 = 12V/100mA, Vo3 =-12V/100mA outputs the secondary outputs in this application
Figure 3 shows how to obtain two auxiliary out- should be bifilar wound.

puts (+ 12V) which are isolated from the 5V This circuit operates at 50KHz and gives the per-
output. For this output power range an L296 is formance indicated in Table 3.
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Fig. 4 - Triple output DC-DC converter (5V/1.5A, 12V/50mA, - 12V /50mA)
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TABLE 4

Parameter Vo1 Vo2 Vo3 Unit
Qutput Voltage =25V
o1 =15A lo2 = 103 = 50mA 5.040 12.020 -12.020 vl
Output ripple 60 30 30 [mV]
Line regulation 15< Vi< 35V
lo1 = 500mA lo2 = 103 = 50mA 5 80 80 [mV]
Line regulation 15< Vi< 35V
lo1=1.5A lo2 = 103 =50mA 4 60 60 [mV]
Load regulation =25V
lo1 =0.5—~>15A lo2 = 103 =50mA 5 120 120 [mV]
Load regulation =25V
lo=15A lo2 = 50mA
lo3 = 20 > 50mA 0 15 50 [mV]
Load regulation Vi=25V
lo1=15A lo3 = 100mA
lo2 =20 = 50mA 0 50 15 [mV]
Efficiency 70 %

THE L296 AND L4960 HIGH POWER ‘The precision of the L296's in
SWITCHING REGULATORS S (£2% ) eliminates the need for external di

_trinning to obtain a 5V output.

. The synchronization pin allows yne
‘rati fsevgral devrces

. Imemally the device 'is equipped

limiter, soft start and reset" {or power fail) func-
“tions, making it particularly. suitable for supplvmg
:microprocessors and log:c. . :

tions are mcluded
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30w DC-DC CONVERTER

Designing power supplies in the 30-40W range is
becoming increasingly difficult because it is here
that there is the greatest need to maintain per-
formance levels and reduce costs. The application
proposed here is very competitive because it
exploits new ICs to reduce size, number of com-
ponents and assembly costs.

This solution, the DC-DC converter, compares very
favourable with off-line switching supplies in terms

Fig. 6 - Multioutout DC-DC converter with L296 and L4960 (5V/3A, 12V/1.5A, -12V/100mA, ~-5V/100mA)

20V <=V, 40V
O

"'—L' ‘L 470

of cost. DC-DC converters can, in fact, be realized
even by designers with little experience and allows
the convenience of working with low voltages,
Off-line switching supplies are only preferable
when the weight and size of tHe mains transformer
in a DC-DC converter would be excessive.

In this circuit, figure 6 two devices are used, an
L.296 and an L4960. The L296 is used, to supply a
5V output with a current of 3A and the auxiliary
-5V/100mA output and the L4960 is used to pro-
vide the 12V/1.5A output and the auxiliary -12V/
100mA output.
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Fig. 8
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CALCULATING THE POWER FAIL TIME

The ‘power fail time’ is defined as the time from
when the power fail output (pin 14) goes low to

Fig. 9

5-6774

the time when the input voltage falls to the mini-
mum level required to maintain the regulated
output (see Figure 9). From this definition we can
evaluate the energy balance.

Vi

PE WAVE FORM |

(PIN14)

—f—;f‘— DELAY RESET

Vo 251V

/

The energy which the filter capacitor C supplies
to the operating device while it discharges is:

E = 1/2C (V1% - V2?) ' (1)

The load drains a power of Po = Vo lo. Taking into
consideration the average efficiency n (derived
with the input between V1 and V2), the power to
be supplied at the input of the device is:

Po

(2)

Po2

5-8074

Equating the expressions (1) and (2) gives:
1/2C (V12 = vap?) = Fo

* tPF

where Vj is the input voltage at which the voltage
on pin 12 reaches 5V (through the divider R1/R2);
V2 is the maximum input voltage below which
the device no longer regulates.

Rearranging this expression to obtain C:

_ __2PotpF
n (V1? - V2?)
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DUAL REGULATORS SIMPLIFY
MICRO SYSTEM SUPPLY DESIGN

Combining two 5V regulators and a reset circuit on a single chip, special purpose regulator
chips simplify the design of power supplies for microprocessor systems incorporating battery

backup RAMs or shadow-type NV RAMs.

Power supplies for microprocessor systems are
often complicated by the need to take care of the
special requirements of non-volatile read/write
memory, Where battery backup CMOS RAMs are
used, for example, it is important to ensure that
the RAMs are disabled when the primary supply is
removed. And when shadow-type NV memory is
included the backup transfer must be initiated and
completed when the supply isinterrupted, Designed
specifically for such applications, the SGS L4901,
and L4902 dual voltage regulators combine twe 5V
regulators plus a reset circuit on a single chip, sim-
plifying the designer’s task.

Assembled in the SGS Heptawatt [TM] 7-lead
package, the L4901 and L4902 contain separate
voltage regulators rated at 5V/300mA (the V1"
output) and 5V/400mA (the V2" output).

Both the V1 and V2 regulators have an output
voltage precision of + 2% and include protection
against output short circuits and 60V input tran-
sients. Also included on the chip is a reset circuit

Fig. 1a = TWO 5V OUTPUTS — The L4901 Dual
Regulator provides 300mA and 400mA 5V outputs
and includes a microprocessor reset function.
This device is ideal for microprocessor systems
with battery backup or shadow RAM.

L4901

with externally programmable timing which de-
pends on the input voltage and the output of the
V1 regulator.

Functionally, the two devices are identical except
that the L4901 has separate inputs to the two
regulators and the L4902 has a common input plus
a disable input which controls the V2 output. (Fig. 1)

Generally the V1 regulator is used to supply cir-
cuits which must be powered continuously —
volatile memory, a time-of-day clock and so on —
while the V2 output supplies other 5V circuits
which may be powered down when the equipment
is inactive.

The V1 output features a very low leakage current
at the output — less than TuA — to allow the use
a backup battery. The V1 regulator also features a
low quiescent current at the input (0.6mA typical)
to minimize battery drain in applications where the
V1 regulator is permanently connected to a battery
supply.

Fig. 1b ~ DISABLE INPUT — The L4902 is similar
to the L4901 but also features a disable input for
the V2 regulator.

L4902
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Fig. 4 - LOW LEAKAGE at the V1 output makes the L4901 ideal for battery backup operation,
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Fig. 5 - STANDBY — The L4902 can be used in applications where the supply is connected permanently
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and the disable function used to turn off non-essential circuits in the standby state.
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It is important to make sure that the RAMs are
disabled because the lithium cells used as backup
batteries have a high internal resistance. If the
RAMs were not forced into the low consumption
standby state the battery voltage could drop so low
that memory contents are corrupted. Moreover, to
prevent latch up, no input of a CMOS RAM should
ever be higher than the supply voltage.

IDEAL FOR SHADOW MEMORIES

Another interesting application for the L4902 is
supplying a shadow-ram microcomputer chip like
the SGS M38SH72 where a fast non-volatile
memory is backed up on-chip by a slow EEPROM
(figure 7). For these chips it is important to ensure
that the backup command is generated when the

supply is removed, a function which the L4902's
reset output can perform, Since the L4902's reset
function depends on the INPUT voltage the power
fail condition is sensed early enough to guarantee
that the backup transfer will be successful.

In figure 7 the reset output is forced low when the
input voltage falls below 6.3V or when the V1 out-
put goes below 4.8V, This allows 10us for the
backup transfer (with 10uF capacitors) which is
more than sufficient.

Similarly, the L4902 can be used with shadow-
type RAMs such as the Xicor X2201. In the figure
8 circuit a capacitor on the V1 input ensures that
the X2201 is powered during the transfer opera-
tion. When the input voltage is removed or goes
below 6.3V the L4902’s reset output, connected to
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Fig. 8 - SHADOW RAMs — The L4901’s reset function also serves in systems using shadow type NV
RAMs like the X2201 to ensure that the backup transfer is executed correctly.
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Fig. 9 - With a CMOS Schmitt trigger and a few components a watchdog function can be added for
critical applications.
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UC3842 PROVIDES LOW-COST
CURRENT-MODE CONTROL

The fundamental challenge of power supply design
is to simultaneously realize two conflicting objec-
tives: good electrical performance and low cost.
The UC3842 is an integrated pulse width modu-
lator (PWM) designed with both these objectives
in mind. This IC provides designers an inexpensive
controller with which they can obtain all the per-
formance advantages of current-mode operation.
In addition, the UC3842 is optimized for efficient
power sequencing of off-line converters and for
driving increasingly popular POWERMOS.

This application note gives a functional description
of the UC3842 and suggests how to incorporate
the IC into practical power supplies. A review of
current-mode control and its benefits is included
and methods of avoiding common pitfalls dis-

Fig. 1- Two-loop current-mode control system

cussed. The final section presents designs of two
power supplies utilizing UC3842 control.

CURRENT-MODE CONTROL

Figure 1 shows the two-loop current-mode control
system in a typical buck regulator application. A
clock signal initiates power pulses at a fixed fre-
quency. The termination of each pulse occurs
when an analog of the inductor current reaches a
threshold established by the error signal. In this
way the error signal actually controls peak induc-
tor current. This contrasts with conventional
schemes in which the error signal directly controls
pulse width without regard to inductor current.
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REFERENCE
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Current limiting is simplified with current-mode
control. Pulse-by-pulse Ilimiting is, of course,
inherent in the control scheme. Furthermore, an
upper limit on the peak current can be established
by simply clamping the error voltage. Accurate
current limiting allows optimization of magnetic
and power semiconductor elements while ensuring
reliable supply operation.

Finally, current-mode controlled power stages can
be operated in parallel with equal current sharing.
This opens the possibility of a modular approach
to power supply design.

FUNCTIONAL DESCRIPTION

A block diagram of the UC3842 appears in Fig-
ure "4, This IC will operate from a iow impedance
DC source of 10V to 30V. Operation between 10V
and 16V requires a start-up bootstrap to a voltage
greater than 16V in order to overcome the under-
voltage lockout. V¢c is internally clamped to 34V
for operation from higher voltage current-limited
sources (lcc < 30mA).

Under-Voltage Lockout (UVLO)

This circuit insures that Ve is adequate to make
the UC3842 fully operational before enabling the
output stage. Figure 5a shows that the UVLO turn-
on and turn-off thresholds are fixed internally at
16V and 10V respectively. The 6V hysteresis
prevents V¢c oscillations during power sequencing.
Figure Bb shows supply current requirements.
Start-up current is less than TmA for efficient
bootstrapping from the rectified input of an off-
line converter, as illustrated by Figure 6. During
normal circuit operation, V¢c is developed from
auxiliary winding Waux with D and Cin. At
start-up, however, CjNy must be charged to 16V
through RjN. With a start-up current of TmA, RN
can be.as large as 100k$2 and still charge C\N when
Vac = 90V RMS (low line). Power dissipation in
RiN would then be less than 350mW even under
high line (Vac = 130V RMS) conditions.

During UVLO, the UC3842 output driver is biased
to a high impedance state. However, leakage cur-
rents (up to 10uA), if not shunted to ground, could
pull high the gate of aPOWERMOS. A 100k$2 shunt,
as showing in Figure 6, will hold the gate voltage
below 1V.

Fig. 5 (a) - Under-voltage lockout and (b) supply current requirements.

Vi ___d ON/OFF COMMAND lec
TO REST OF IC
Von=16Y <15mA
VoF =10V
<1mA "
10V 16V
$-7707
(a) (b)

Fig. 6 - Providing power to the UC3842
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unity (0dB) at f ~ fswitching/4. This technique
insures converter stability while providing good
dynamic response.

Continuous-inductor-current boost and flyback
converters each have a right-half-plane zero in their
transfer function. An additional compensation pole
is needed to roll off loop gain at a frequency less
than that of the RHP zero. Rp and Cp in the cir-
cuit of Figure 10b provide this pole.

The E/A output will source 0.5mA and sink 2mA.
A lower limit for Rt is given by:

VE/A OUT(MAX) -25V _ 6V - 2.5V

0.5mA OBma @

Rt miny =

Fig. 9 - UC3842 error amplifier

25v

E/A input bias current (2uA max) flows through
R, resulting in a DC error in output voltage (Vg)
given by:

AVoMmax) = (2uA) Ry

It is therefore desirable to keep the value of R as
low as possible.

Figure 11 shows the open-loop frequency response
of the UC3842 E/A. The gain represent an upper
limit on the gain of the compensated E/A. Phase
lag increases rapidly as frequency exceeds 1MHz
due to second-order poles at ~ 10MHz and above.

0SmA

Z4

Fig. 10- (a) Error amplifier compensation addi-
tion pole and (b) needed for continuous
inductor-current boost ad flyback.

(a)

(b)
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Fig. 11 - Error amplifier open-loop frequency

response
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Current Sensing and Limiting

The UC3842 current se{se input is configured as
shown in Figure 12. Current-to-voltage conversion
is done externally with ground-referenced resistor
Rs. Under normal operation the peak voltage
across Rg is controlled by the E/A according to



Figures 15-17 show suggested circuits for driving
POWERMOS and bipolar transistors with the
UC3842 output. The simple curcuit of Figure 15
can be used when the control IC is not electrically
isolated from the power MOS. Series resistor Rj
provides damping for a parasitic tank circuit for-
med by the power MOS input capacitance and any
series wiring inductance. Resistor R2 shunts output
leakage currents (10uA maximum) to ground when
the under-voltage lockout is active. Figure 16
shows an isolated power MOS drive circuit which is
appropriate when the drive signal must be level-
shifted or transmitted across an isolation boundary.
Bipolar transistors can be driven effectively with
the circuit of Figure 17. Resistors R and R fix
the on-state base current. Capacitor C1 provides a
negative base current pulse to remove stored charge
at turn-off.

Fig. 15 - Direct POWERMOS drive

12 to 20V

I

Vi

uca3ss2

out

5-1826

Fig. 16 - Isolated POWERMOS drive

18 to 30V
7 FERROXCUBE
181
Vi L00-3C8
uc3842
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ourfi—] .
N=20
GND
5

Fig. 17 - Bipolar drive with negative turn-off bias
12to30v
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L
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PWM Latch

This flip-flop, shown in Figure 4, ensures that only
a single pulse appears at the UC3842 output in any
one oscillator period. Excessive power transistor
dissipation and potential saturation of magnetic
elements are thereby averted.

Shutdown Techniques

Shutdown of the UC3842 can be accomplished by
two methods; either raise pin 3 above 1V or puli
pin 1 below 1V. Either method causes the output
of the PWM comparator to be high (refer to block
diagram, Figure 4). The PWM latch is reset domi-
nant so that the output will remain low until the
first clock pulse following removal of the shut-
down signal at pin 1 or pin 3. As shown in Figure
18, an externally latched shutdown can be ac-
complished by adding an SCR which will be reset
by cycling Vcc below the lower under-voltage
lockout threshold (10V). At this point all internal
bias is removed, allowing the SCR to reset.

Fig. 18 - Shutdown achieved by
a) Pulling pin 3 high
b) Pulling pin 1 Low

(a)

UC3842

IseNSE

TO CURRENT
SENSE RESISTOR

(b)
comp
UC3842

SHUTDOWN

AVOIDING COMMON PITFALLS

Current-mode controlled converters can exhibit
performance peculiarities under certain operating
conditions. This section explains these situations
and how to correct them when using the UC3842,

Slope Compensation Prevents
Instabilities

It is well documented that current-mode controlled
converters can exhibit subharmonic oscillations

185



Note that in order for the error amplifier to ac-
curately replicate the ramp, ZF must be constant
over the frequency range fs to at least 3fs.

In order to eliminate this last constraint, an alterna-
tive method of slope compensation is shown in
Figures 19¢c and 20b. Here the artificial slope is
added to the current sense waveform rather than
subtracted from the control signal. The magnitude
of the added slope still relates to the downslope of
inductor current as described above. The require-
ment for Rs_opPE is now:

_ AVRAMP( Rt >= 0.7< Ry
Atpamp \ Rf + RsLoPE 7/2 \ Rt + RsLoPE
1.4 R¢ 1.4
R = ——-Rf =R -1
SLOPE mr f f( mr

Fig. 20 - Slope compensation added (a) to control

For m = my:

1.4NL
Rs (VF + Volr

-1)
Rsiope loads the UC3842 RT/CT terminal so as
to cause a decrease in oscillator frequency. |f
RsLopPe >> RT then the frequency can be cor-
rected by decreasing Rt slightly. However, with
RsLopre < 5R the linearity of the ramp degrades
noticeably, causing over-compensation of the
supply at low duty cycles. This can be avoided by
driving Rsy_opg with an emitter-follower as shown
in Figure 21,

RsLopPe = Rf(

signal or (b) to current sense waveform

(a) ‘ReF
Ry/Cy J\&:\I\\\\r
o_4é5 S r—
Ve
€A <
2R
Zf 1 | 250v
i
R
UC3842
AJ
S-7830
(b) VReF
Ry
Ry/Cq
Cr FROM E/A
RseNsE _T_
iL/N J R¢ comp
+
Rs i C¢
I uC3842

$-7831
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The speed of the UC3842 current sense section
poses an additional constraint on maximum ope-
rating frequency. A maximum current sense delay
of 400ns represents 10% of the switching period at
250kHz and 20% at 500kHz. Magnetic components
must not saturate as the current continues to rise
during this delay period, and power semiconduc-
tors must be chosen to handle the resulting peak
currents. In short, above ~250kHz, may of the
advantages of higherfrequency operation are lost.

Fig. 23 - Deadtime and maximum obtainable
duty-cycle vs. frequency with minimum
recommended CT.

G-5864

CIRCUIT EXAMPLES
1. Off-Line Flyback

Figure 24 shows a 25W multiple-output off-line
flyback regulator controlled with the UC3842.
This regulator is low in cost because it uses only
two magnetic elements, a primary-side voltage
sensing technique, and an inexpensive control
circuit. Specifications are listed below.

SPECIFICATIONS:

95 VAC to 130 VAC
(50Hz/60Hz)

Input Voltage

Output Voltage: A. +5V, 5%: 1A to 4A load

t i 8

e 1 (o) Ripple voltage: 50mV
Cy=100PpF P-P Max.

700 \ ! B. +12V, 3% : 0.1A to
650 DUTY@MINtd —] 0._3A load

600 DUTY@ TYP td— 95 ‘I;%_c;)[;.l\}'ea)z/oltage. 100mv
550 S $l 90 C. -12V, 3%0.1A to 0.3A

MAX td ‘ - |
500 85 oad
DUTY@MAX td ‘\\,. ~N Ripple voltage: 100mV

450 —— 80 P-P Max

400 AN 75 . .

} Line Isolation: 3750V
350 - 70
MINt | . Switching Frequency: 40kHz
300 5
0 100 200 300 400 f(KHZ) Efficiency @ full load: 70%
Fig. 24 - 25W off-line flyback regulator
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A 25W OFF-LINE
FLYBACK SWITCHING REGULATOR

INTRODUCTION

This note describes a low cost switching power
supply for applications requiring multiple output
voltages, e.g. personal computers, instruments,
etc. . . The discontinuous mode flyback regulator
used in this application provides good voltage
tracking between outputs, which allows the use of
primary side voltage sensing. This sensing tech-
nique reduces costs by eliminating the need for an
isolated secondary feedback loop.

The low cost, (8 pin) UC1842 current mode control
chip employed in this power supply provides per-
formance advantages such as:

1) Fast transient response
2) Pulse by pulse current limiting
3) Stable operation

To simplify drive circuit requirements, a TO-220
power MOS SGSP369 is utilized for the power
switch. This switch is driven directly from the
output of the control chip.

Power Supply Specifications

1. Input voltage: 95VAC to 130VAC (50Hz/
60Hz)

2. Output voltage:

A. +5V,+ 5%: 1A to 4A load
Ripple voltage: 50mV P-P Max

B. +12V, £ 3%: 0.1A to 0.3A load
Ripple voltage: 100mV P-P Max

C. -12V, £ 3%: 0.1A to 0.3A load
Ripple voltage: 100mV P-P Max.

3. Line Isolation: 3750V
4. Switching Frequency: 40KHz
5. Efficiency @ Full Load: 70%

Basic Circuit Operation
The 117VAC input line voltage is rectified and

smoothed to provide DC operating voltage for the
circuit. When power is initially applied to the cir-
cuit, capacitor C2 charges through R2. When the
voltage across C2 reaches a level of 16V the output
of IC1 is enabled, turning on power MOS Q1.

During the on time of Q1, energy is stored in the
air gap of transformer (inductor) T1. At this time
the polarity of the output windings is such that all
output rectifiers are reverse biased and no energy is
transferred. Primary currént is sensed by a resistor,
R10, and compared to a fixed 1V reference inside
IC1. When this level is reached, Q1 is turned off
and the polarity of all transformer windings re-
verses, forward biasing the output rectifiers. All
the energy stored is now transferred to the output
capacitors. Many cycles of this store/release action
are needed to charge the outputs to their respective
voltages. Note that C2 must have enough energy
stored initially to keep the control circuitry ope-
rating until C4 is charged to a level of approximately
13V. The voltage across C4 is fed through a voltage
divider to the error amplifier (pin 2) and compared
to an internal 2.5V reference.

Energy stored in the leakage inductance of T1
causes a voltage spike which will be added to the
normal reset voltage across T1 when Q1 turns off.
The clamp consisting of D4, C9 and R12 limits
this voltage excursion from exceeding the BVDSS
rating of Q1. In addition, a turn-off snubber made
up of D5, C8 and R11 keeps power dissipation in
Q1 low by delaying the voltage rise until drain cur-
rent has decreased from its peak value. This snubber
also damps out any ringing which may occur due
to parasitics.

Less than 3.5% line and load regulation is achieved
by loading the output of the control winding Nc,
with R9. This resistor dissipates the leakage energy
associated with this winding. Note that R9 must
be isolated from R2 with diode D2, otherwise C2
could not charge to the 16V necessary for initial
start-up.

A small filter inductor in the 5V secondary is added
to reduce output ripple voltage to less than 50mV.
This inductor also attenuates any high frequency
noise.
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TYPICAL SWITCHING WAVEFORMS

Ton - Drive waveforms Toff - Drive waveforms

Upper trace: Q1 - Gate to source voltage
Lower trace: Q1 - Gate current

I
. EXE

o s ——

|

| I | |

Upper trace: Q3 - Drain to source voltage Upper trace: +5V charging current
Lower trace: Primary current - Ip Lower trace: +5V output ripple voltage
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APPLYING THE UC1840
TO PROVIDE TOTAL CONTROL FOR
LOW-COST, PRIMARY-REFERENCED
SWITCHING POWER SYSTEMS

INTRODUCTION extremely cost-effective approach to supplying
. isolated power from a widely varying input line
There are many potential approaches to be con- 1507 T . .Y
sidered in switch mode power supply design; while maintaining a high degree of efficiency.
however, the contradictory requirements of mini- Primary control means referencing all of the con-
mum cost and compatibility with ever more de- trol electronics along with the power switching
manding line isolation specifications make primary  device on the input line side of an isolation trans-
control very attractive. Application of the UC1840 former. An obvious advantage to this approach is
as a primary-side, off-line controller presents an  the simplified interface between the control and

Fig. 1 - The overall block diagram of the UC1840, an integrated circuit optimized for primary-side con-
trol of off-line switching power supplies.
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Fig. 3- The UC1840’s start circuitry requires low starting current from the DC input line with normal

(1)

(2)

operating current supplied from a low-voltage feedback winding on the power transformer.

DC INPUT LINE

WER
1
[ CONTROL VOLTAGE V¢ . 2 TRaNnsFORMER
T
: I FEEDBACK
r 15 7] WINDING H

INTERNAL
CHIP SUPPLY

-—t

TO PWM

ORIVE

+5V

While the control voltage, V¢, is low enough
so that the voltage on pin 2 is less than 3V,
the Start/UV Comparator does the following:

(a) A 200uA hysteresis current is flowing
into pin 2 through Q1 causing an added
drop across R2.

(b) The drive switch is holding the Driver Bias
transistor, Q3, OFF. This insures that the
only current required through R1 is the
start-up current of the UC1840, pius ex-
ternal dividers (R2, R3, Rg, etc.).

{c) The Slow Turn-on transistor, Q2, is ON,
holding pin 8 and Cg low.

(d) The Start Latch keeps the under-voltage
signal from being defined as a fault.

The start level is defined by:

Ve (start)= 3 (%%R—S—) +0.2 R2.

When V¢ rises to this level, the Start/UV.

Comparator then does the following:

(a) Turns off Q1, eliminating the 200uA
hysteresis current. This allows the voltage
on V¢ to drop before reaching the under-
voltage fault level defined by:

Ve (U.V. fault)= 3 (—5—2;3&-)
(b) Sets the Start Latch to monitor for an
under-voltage fault.

(c) Activates Q3 providing Driver Bias to the
power switch, pulling the added current
out of CIN'

(d) Turns off Q2 allowing for programmed
slow turn-on defined by Rg and Cg.

(3)

A normal start-up occurs with the control
voltage, V¢, following the path shown in
Figure 4. If the power supply does not start,
V¢ will fall to an under-voltage fault which
will then either initiate a restart attempt or
hold the power switch off, depending upon
the status of the Reset terminal as defined
under Fault Sequencing. If start-up does
not occur because of some fault in the Driver
Bias line, V¢ will continue to rise until
the 40V zener across the reference circuit
conducts. This will then clamp V¢ to that
level, protecting the control chip.

After start-up occurs, current will continue to flow

in R1 providing a power loss of:
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(Vline - VC)2
R1

Pd =

Fig. 4 - Under a normal turn-on, the supply voltage

to the UC1840, V., would rise lightly
loaded to the start level, fall under the
turn-on load, and then regulate at some
intermediate level.
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by connecting Rg to the DCinputline. The divider
voltage:

R
Vping = (—25 ) V DC input
Rs+ Rpc

should be equal to the ramp voltage level that
yields the desired maximum duty cycle, at the
same DC input fevel.

PWM control

Pulse-Width Modulation within the UC1840 con-
sists of the blocks shown in Figure 7. This architec-
ture, with the possible exception of the separation
between the time-base and ramp functions, is
fairly conventional. It is described in greater detail
in the paragraphs which follow.

Oscillator

A constant clock frequency is established by con-
necting Rt from pin 9 to the 5V reference and Ct
from pin 9 to ground. The frequency is approxi-
mated by:

1
Rt Ct

where the value of Ry can range from 1 kQ to
100K and C+ from 300pF to 0.1uF. The best
temperature coefficients occur with C4 in the
range of 1000 to 3000 pF. Although the clock out-
put pulse is not available external to the UC1840,
synchronization to an external clock can still be
accomplished with the circuit of Figure 8, where
R1 and C1 are selected to provide a 0.5V, 200 ns
pulse across the 518 resistor, and Ry and Ct
define a frequency slightly lower than the synch-
ronizing source.

Fig. 8 - Synchronization to an external time base
can be accomplished by adding a 515
resistor in series with C.

+5V

Ry
TOPINS

R1

Cc1
POSITIVE
CLOCK ‘ l

S- 6565

To achieve minimum start-up current, the oscilla-
tor is not activated until the input voltage is high
enough to give a start command to the drive
switch.

Ramp generator

The ramp generator function of the UC1840 is
shown in simplified form in Figure 9.

Fig. 9 - Current mirrors Q1-Q4 are used to make
the ramp charging current i, linearly
proportional to the DC input line,

1
I
TO DC LINE
|

The NPN and PNP current mirrors provide a charg-

ing current to CR of:
ip=ip= Viine - 0.7V ~ Viine
Rr ~ Rr

The current mirrors are useful over a current range

of 1A to 1mA, but optimum tracking occurs

between 30uA and 300uA. Since the voltage

across Q1 is very small, i; accurately represents the

input line voltage. The ramp slope, therefore, is:
dv Viine

dt  Rgr Cr

The peak voltage across CR is clamped to approxi-
mately 4.2V while the valley, or low voltage, is
determined by the on-voltage of the discharge net-
work, D1 and Q5. This is typically 0.7V,

If line sensing is not required, RR should be con-
nected to the 5V reference for constant ramp slope.

Error amplifier

This is a voltage-mode operational amplifier with
an uncommitted NPN differential input stage and
an output configuration as shown in Figure 10.

The 1KQ output resistor, Ry, is used both for
short circuit protection and to limit the peak out-
put voltage to less than 4.0V so it cannot rise
above the clamped ramp waveform. At sink cur-
rents less than 300 uA, the low output level will be
within 200mV of ground but it rises to 1V at
higher current levels.

The input common mode range is from 1V to
within 2V of the input supply voltage. V;,, and
thus either input can be conrected directly to the
5V reference.
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At the same time Q2 turns on,the clamping transis-
tor at the slow-start terminal, pin 8, turns off
allowing the voltage on pin 8 to rise according to
the external slow-start time constant described
earlier. This allows PWM pulses to begin to activate
Q4 — narrow at first and widening to the point
where the error amplifier takes command.

The interface between the UC1840 and the pri-
mary power switch may be implemented in several
different ways to meet varying system require-
ments. One obvious application is when the use of a
bipolar transistor switch requires more drive cur-
rent than the Driver Bias output can provide.
Figure 13 shows a more typical bipolar drive
scheme where Q5 has been added to boost the
turn-on current with the UC1840 still providing
the high speed turn-off. The circuit now serves as a
more efficient ““totem-pole’’ driver since Q5 turns
off when Q4 conducts. It also illustrates the use of
a Baker Clamp to minimize storage time in Q6 and
the capacitors for rapid turn-on and high-current
pulse turn-off,

Fig. 13 - Adding Q5 as a switched, drive-boost
transistor provides added base drive for
Q6 while reducing the steady-state cur-
rent through both Q2 and Q4.
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ucC1840

|
|
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OuTPUT ] R2
SR E]

L 5-6568

Another application is the two-transistor, off-line,
forward converter topology shown in Figure 14.
This circuit uses proportional base drive where the
UC1840 need only supply a short, turn-off current
pulse with transformer regeneration through T1
providing the steady-state drive. The magnetizing
current is controlled by R1, with Q5 added to
rapidly recharge C1 from which the turn-off cur-
rent is supplied.

Fault protection

A significant benefit in using the UC1840 is the
multi-faceted fault-sensing and programming capa-
bility built into the device. With the intent to pro-
vide complete control to the power system under
all types of potential malfunctions, fault-sensing

circuitry has been included to sense over-voltage,
under-voltage, or over-current conditions. Addi-
tionally, high-speed, pulse-by-pulse digital current
limiting is included as a separate function. The
operation of these circuits is described below.

Fig. 14 - Interfacing the UC1840 single PWM out-
put to a two-transistor off-line forward
converter which uses proportional base

drive.
+YLINE
T e a6
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_ 7 3
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ouTRUT os :
—_—— -
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Current limiting

The current limit comparators have differential
inputs for noise rejection but are intended to be
used with ground-referenced current sensing as in
Figure 15. Comparator A1 is delegated to pulse-
by-pulse current limiting. The output of this com-
parator drives the PWM comparator, where it acti-
vates the PWM latch, terminating each pulse when
the current sensed by Rgc reaches a threshold
defined by divider R1, R2, and the 5V reference.

Fig. 15 - Current limiting and overcurrent shut-
down are implemented with comparators
of different thresholds and a single cur-
rent sense resistor.
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state commanded by pin 5: high if pin 5 is low and
vice-versa. The latch allows merely a pulse to set
the Reset Latch; the voltage on pin 5 need not be
steady state.

With a high Reset Latch output, the Error Latch
stil! does not reset until a low signal is sensed on
the Start/UV sense terminal. At that point, AND1
then resets both the Error Latch and the Start
Latch re-establishing the initial conditions for a

normal start after fully charging the input capaci-
tor. Of course, if the fault is still present, when the
Start/UV input reaches the start level terminating
the Error Latch reset signal, this latch will imme-
diately set again.

To aid in the understanding of this logic, Figure 17
gives a pictorial representation of its operation
with both steady-state and momentary signals on
both the Ext. Stop and Reset terminals.

Fig. 17 - The interrelationship between the functions controlled by the fault sequence logic is illustrated
with both static and pulse commands on the ext, stop and reset terminals.
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Note 1: V represents an analog of the supply output voltage generated by a primary - referenced
secondary winding on the power trasformer. It is the voltage monitored by the start,/UV com-
parator and in most cases is the supply voltage V| for the UC1840.

TIME EVENT

INITIAL TURN-ON Ve RISESWITH LIGHT LOAD.

START THRESHOLD DRIVER BIAS LOADS V.

OPERATING PWM REGULATES V.

STOP INPUT SETS. ERROR LATCH TURNING OFF PWM.

UV LOW THRESHOLD. ERROR LATCH REMAINS SET.

START TURNS ON DRIVER BIAS BUT ERROR LATCH STILL SET.
Ve AND DRIVER BIAS CONTINUE TO CYCLE.

STOP COMMAND REMOVED.

ERROR LATCH RESET AT UV LOW THRESHOLD.

START THRESHOLD NOW REMOVES SLOW-START CLAMP.
RETURN TO NORMAL RUN STATE.

RESET LATCH SET SIGNAL REMOVED.

ERROR LATCH SET WITH MOMENTARY FAULT.

ERROR LATCH DOES NOT RESET AS RESET LATCH IS RESET.
V¢ AND DRIVER BIAS RECYCLE WITH NO TURN-ON.

RESET LATCH IS SET WITH MOMENTARY RESET SIGNAL.
Ve MUST COMPLETE CYCLE TO TURN ON.

START AND ERROR LATCHES RESET.

NORMAL START INITIATED.

RETURN TO NORMAL RUN STATE.

<CHLWIPUVOZErA«—IOTMTMUO®™>
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50W OFF-LINE SWITCHING POWER

SUPPLY USING

THE UC3840

INTRODUCTION

This power supply has been designed to pro-
vide an easy way to gain familiarity with the oper-
ating characteristics of the UC3840 PWM Control
Circuit in a pratical off-line power supply appli-
cation. As any switching power supply represents
a series of compromises between size, cost, effi-
ciency, performance, and many other variables;
no claim is made that this supply optimizes any
particular characteristics; only that it provides an
easy means to gain an understanding which,
hopefully, the designer can use to extrapolate to
many specific applications,

This power supply, shown schematically in Fig. 4

implements a 50 watt discontinuous mode
flyback power supply with multiple outputs,
and features primary-side control with full pro-
tection from fault conditions. Additional per-
formance characteristics include simple off-line
starting, voltage feed-forward for good line regu-
lation (without feedback across the isolation
boundary), pulse-by-pulse current limiting, over-
and under-voltage sensing with protective shut-
down and automatic restart, and freedom from
the need for any circuit adjustments.

For additional information on the operation of the
UC3840, reference should be made to TN 168
and data sheet.
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DESIGN CONSIDERATIONS

The following description of the design decisions
made for this power supply will be with respect to
the complete schematic shown in Fig. 4. No
significant theoretical discussion is offered and
only nominal values are used in the analysis, but
hopefully the equations given can be used to
either extrapolate to other design problems or to
optimize the supply to a particular characteristics.

Input section

Input bridge D1 rectifies the line voltage while
resistors R1 and R2 are used to limit the peak
charging current to capacitors C1 and C2. The
values for C1 and C2 are usually determined by
either the ripple voltage allowable for V¢ orthe
minimum hold-up time.

Ripple calculations are worse-case for the 110V
voltage doubler configuration where:

RMS line voltage = 90 to 130 VAC
peak no-load input = 253 to 368 volts.

At the minimum line voltage, each capacitor
alternately charges to a peak of 126 volts. Allow-
ing for a total input voltage sag at full load of 50
volts, the minimum capacitor voltage must be
held to 92 volts. Since each capacitor must pro-
vide one-half the energy requirements of the power
supply, the required energy for each line cycle is:

Power out
= 1.2 Joule

Win =——— =
Efficiency x Frequency 0.7 x 60
and the capacitor value can be calculated from:
Yo Win =% Cl (Vpkz ~Vmin2) or

cy = Win 1

= = : = 162uF
Vor? ~Vein® 1267 -92° H

If, instead of ripple voltage, we choose the input
capacitors to hoid the input DC above 200 volts
for a least two cycles of line drop-out, then:

_ 2(Po/2) (no. of cycles drop-out) 1/f
1" Eficiency (Vp? - Vimin?)

2 (25) (2) 1/60
= =331uF
0.7 (1262 - 92?)

In this application, 470uF was picked as a stand-
ard size which would allow loose tolerances.

Transformer

A major task with any flyback power supply is the
design of the transformer as many tradeoffs are

normally required between regulation, leakage
inductance (and corresponding transistor stress),
isolation, size, and cost. In this application, the
core selected is a Ferrox-cube EC35-3C8 which has
the following characteristics:

Effective core area, A, = 0.84 cm?
Max flux density, Bgy¢ = 2800 gauss
Bobbin=35PC B |

The design starts with a calculation of maximum
duty cycle which is defined by the voltage capa-
bility of the power switch. This voltage was allo-
cated as follows:

VDC max =370V
Reset voltage =120V
Leakage inductance spike =100V

Max total voltage =590V

With a reset voltage of 120V, at minimum input
voltage,
120V

Dmax = ————————— = 37.5%
max " 120V + 200V °

The primary inductance can then be calculated as:

Efficiency
Lp ="‘{Kf—'—(\/in min X Dmax)? =

_ 0.7 (200 x 0.375)*
2 x50 x 40 x 10°

Lp ~ 1mh

The peak current at full load is:

2P,

eff (Vin min X Dmax)

lp

2 x50
= 97x200x0375 9

The maximum energy storage requirement within
the primary is calculated on the basis of maximum
current, in this case assumed to be short circuit
current = 120% x 1 or 2.3A.

W=%L lge” = %(1x103) (2.3)* = 2.65 m Joule

The equation defining energy storage in an in-
ductor is:

BAHY, x 107
0.47

W=1% Joules
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start-up signal, the Drive Bias transistor in the
UC3840 is off insuring that there is no quiescent
current being drawn by any of this interface cir-
cuitry. At start-up, the Drive Bias switch turns on
providing a pull-up for the UC3840's PWM out-
put. The current through R16 is multiplied by the
gain of Q1 to provide a forward base drive in
excess of 2560mA for the power switch Q3. Diodes
D5 and D6 form a Baker clamp to keep Q3 out of
hard saturation and improve turn-off, especially
al lower collector currents.

Transistor Q2, driven on by the turn-off of Q1,
provides a low-impedance path for reverse base
current of Q3, and together with the use of the
Baker clamp, results in a storage time for Q3 of
less than 800nsec.

Snubbing circuits

There are two snubber circuits incorporated
into this supply. The network of C12, D7, and
R27 is used for load line shaping of transistor
Q3 by delaying the voltage rise at the collector of
Q3 while the current falls at turn off.

The values for the components in this network
are calculated as follows:

2.3 x 0.25 x 10
2x 370

Isc tf
2Vm(max)

ci2 = ~ 680pF

The resistor R27 is selected to discharge C12
with a time constant of one-half the minimum on
time, which — under short circuit conditions — is
approximately 2.5us.

25 x 1076
2 x 680 x 107!

ton (min) _
2C12

R27 = ~ 1.8KQ

The power dissipated in this resistor is

P =% C12 (Vin max)® f = % (680x107?) (370)
40 x 103

P ~ 2 watts

The second network of R26, C11, and D2 limits
the voltage spike at turn off caused by the leak-
age inductance of the power transformer. The
energy stored in this inductance is transferred
into C11 via D2 after the power switch turns off
and the voltage rises above the supply plus reset
voltage.

C11 is defined by:
Le ls¢’

(Vyeset + AVpp)? - Vyeset®

Cl1=

Where Le = Leakage inductance (~ 50uH)
Vieset = Reset voltage across transformer (120V)
Vop = Allowable leakage inductance

Voltage spike (100V)

_ 50 x 10 (2.3)*
(120+100)* - 120*

. C11 =0.0078 =~ 10nF

Resistor R26 is selected to discharge C11 during
the remainder of the period leaving a residual
voltage equal to the reset voltage at the time
turn-off next occurs.

- (Vreset +A Vpp) 0.63 T _

R26 =
AVpp C11
220  0.63(25x 106) _
100 0,01 x10%)  SoKe

In this application, R26 was increased to 4.7k due
to second order effects such as reverse recovery of
D2 which aids in discharging C11.

The power loss in R26 comes from the energy
stored in the leakage inductance which is

P=%Lelsc*f=%50x10% (2.3)* 40x 103
P =~ 5.3 watts

but here again, second order effects tend to
reduce this value to less than 3 watts in this power
supply.

Operating frequency
The frequency is set by R14 and C4 as

1 ~ 1T 10°
Rt Ct =~ R1aCs4 12 x 0.0022

~ 40kHz

Supply start-up

The supply must reliably start with V5c minimum
= 250V. The value of R3 + R4 is defined by the
total current requirement of the control electronics
prior to start. If a start threshold of 12 volts is
assumed, total control current is:

UC3840 max = 7.0mA
R7 +R8 = 0.70mA
R10+R11 = 0.27mA
C4 charging current = 0.40mA
R17 + R18 = 0.22mA
Total Turn-On Current 8.59mA
andR3 + R4 =-22"12 _ 5ka
8.59

209



200V

~ R15C8 = ~03aVigs

=581usec

With the knowledge that the ramp generator has
greatest linearity with currents in the 100uA to
300uA range, we can pick:

R15 = 1.5MQ and C8 = 390pF.

Duty cycle clamp

The above analysis has provided a maximum duty
cycle of 43% at minimum operating voltage. When
the AC line voltage is removed, however, the input
voltage will fall below 200 volts with the supply
still running. As this voltage .falis, the ramp slope
will reduce and at the same time the error amplifier
output will increase in an attempt to maintain
regulation, This could extend the pulse width
beyond 43% except for the action of the duty
cycle clamp divider of R19 and R20 which is set
to provide 3.9V at pin 8 with Vpc = 200V.
Therefore, as V¢ falls, the voltage on pin 8 will
also fall, taking command away from the error
amplifier and maintaining a constant pulse width
until the Under-Voltage sensing circuit gives a
shutdown command.

Voltage control

In this power supply, output voltage regulation is
controlled from the primary side by sensing V¢
with R10 and R11 and closing a control loop
with the error amplifier and 5V reference in the
UC3840. The output voltage is then:

R10 + R11

Vo (BV) = BR11

N
—NI—) Vref ( )

Although the UC3840 optimizes this approach
by the use of feed-forward which provides first-
order automatic line regulation, there will still be
inaccuracies caused by inadequate coupling beet-
ween the windings, IR drops within the wind-
ings, and unequal losses in the rectifiers. |f greater
voltage accuracy is required, the feedback loop
must be connected directly to one of the outputs
with either on optical coupler or the UC1901
Isolated Feedback Generator used to maintain
isolation.

The gain and phase plots for this supply are shown
in Figure 3. Overall loop stability is aided by the
fact that a discontinous-mode flyback topology
is inherently a single pole system defined by the
output load. Its transfer function, excluding the
error amplifier, is shown by the dashed curve of
Figure 3. The DC gain from the modulator input
ve, to the output, v, is:

Yo _« T RL min
Ve B 2LP

where K is defined by the feed-forward slope as

{(Max duty cycle) (Vin min) 0.43 x 200
Ramp peak - Ramp valley 4.2 -0.5

and the minimum load resistance reflected to the
primary control supply is:
V2 122 _

Foma 50

RL min =

. Vo _ 0.43x200 25 x 107 x 2.88 _

"Ve  42-05 2x 1.x 107

=441 =13db

Fig. 3— Power supply loop gain and phase
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The effective output capacitance, also reflected
to the control supply, is:

N3 \?
4\ 9 \
= 4700 (—5—-) + 2200 (—9—) + 200
= 3328uF
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Reset jumper on pin 5
(leave out if it is desired to latch the supply off
after any fault)

Note that there is nothing connected to pin 4. A
low signal here will shut down the supply.

Small signal diodes

The seven small axial lead diodes, D2 through
D8 should next be installed insuring correct pola-
rity as shown in Figure 5.

Passive devices

Install the low-power resistors and small capacitors
first. Follow with the four high-power resistors,
R3, R4, R26 and R27. When inserting R26, keep
the body of the resistor ~ % inch above the PC
board. This resistor will get hot and it is best to
have it above, rather than next to C11. At this
time, the input diode bridge, D1, and the IC socket
can be inserted. Note that pin 1 of the UC3840 is
to the front of the PC board.

Large components

Assembly can be completed by installing the
remaining components as follows:

a. Two small signal transistors, Q1 and Q2
b. Transformer

c. Electrolytic capacitors: C1, C2, C3, C13 and
C14. Check polarity against signs of foil side
of PC board.

d. Power transistor Q3 inserts with its front to the
left, or input, inside of the PC board. Inser-
tion is easier if the heat sink is clipped on first.

NOTE: THIS HEAT SINK IS AT THE SAME
POTENTIAL AS THE COLLECTOR AND WILL
HAVE UP TO 600 VOLTS PRESENT: KEEP IT
CLEAR OF OTHER COMPONENTS, TEST
LEADS, AND YOUR FINGERS.

e. Install the 5 volt output rectifier, D9 with its
front facing the right, or output side of the
board. It also gets a clip-on heat sink.

Check to see that all components are installed and
match the drawing of Fig.5 . Insert the UC3840
into the socket.

CHECKOUT PROCEDURES

With the power supply fully assembled, the fol-
lowing checkout procedure is recommended
before any input voltage is applied. This proce-
dure is also useful for trouble-shooting a unit
which is not operating properly., Checkout will be
aided if the user has installed test points at all in-
dicated positions in the PC board. Reference
should be made to Figure 5 for test point locations.
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1.Insure that there is no AC input voltage applied

2.Double check all connections including diode
and capacitor polarities. Insure that the UC3840
is correctly inserted into the socket.

3.Connect a minimum load on one or both out-
puts equivalent to 25 watts total. i.e., 22 on
the 5V output and 125 on the 12V output. Be
careful of the heat from these loads.

4. Install a temporary jumper shorting the base
and emitter of Q3 together. Use test points
provided on PC board.

5.Connect a 0 to 30 volt, 500mA lab supply to
simulate the control voltage, V. Connect the
positive lead to IC-15 and ground to IC-13.
Note that IC-13 will be the ground reference
point for all primary side measurements. Set
V= Zero volts and add a 1kQ, % W resistor
in shunt across the power supply terminals.

6.Increase V¢ to 10 volts and check the following:
a. IC-16: should have 5V if the reference is

working.

b. IC-2: Should be 2.3V if hysteresis cur-
rent is on,

c. IC-14: Should be < 0.1V as Driver Bias
is off,

T.Increase V¢ to 14 volts and ckeck the following:

a. 1C-2: Should be 4.7 volts if hysteresis
current is off,

b. 1C-14: Should be 12 volts with Driver
Bias on.

c. 1C-9: Oscillator should show 40kHz ex-
ponential waveform.

d. Return V to Zero volts but leave con-
nected.

8. Apply the high voltage, V pc. This can be done
either with a DC lab supply with 300V capa-
bility or the input AC line voltage.

A fuse rated at no more than two amps should
be in series with the input line to prevent
excessive damage in the event of a failure.

NOTE: BE SURE TO USE AN ISOLATION
TRANSFORMER WHEN LINE POWER IS

USED AS PRIMARY GROUND IS ONE SIDE
OF THE LINE.

An AC variac will also be helpful in varying the
input voltage.

If a DC power supply is used, connect the po-
sitive line to the Vo test point at the top of
the board. The negative line will connect to
ground on IC-13. Insure that the base-emitter
short is still connected to Q3.

9. With Vpc = 200 volts, set Vo= 10 volts and
check the following:

a. 1C-14: Should be < 0.1V if Driver Bias
is off

b. 1C-8: Should be < 0.1V of Slow Start
clamp is on.

c. IC-6: Should be 2.3V to establish current
limit threshold.
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A SECOND-GENERATION IC SWITCH MODE
CONTROLLER OPTIMIZED FOR
HIGH FREQUENCY POWER MOS DRIVE

INTRODUCTION

Since the introduction of the SG1524 in 1976,
integrated circuit controllers have played an im-
portant role in the rapid development and exploita-
tion of high-efficiency switching power supply
technology. The 1524 soon became an industry
standard and was widely second-sourced.

Although this device contained all the basic control
elements required for switching regulator design,
practical power supplies still required other func-
tions which had to be implemented ‘with additional
external discrete circuitry.

An additional development within the semiconduc-
tor industry was the introduction of practical

Fig. 1 — The SG1524 regulating PWM block diagram.

Power Mos which offered the potential of higher
efficiencies at higher speeds with resultant lower
overall system costs.

In order to be able to take full advantage of the
speed capabilities of power MOS, it was necessary
to provide high peak currents to the gate during
turn-on and turn-off to quickly charge and dis-
charge the gate capacitances of 800 to 2000pF
present in higher current units.

The development of a second-generation regulating
PWM IC, the SG1525A, and its complimentary
output version, the SG1527A, was a direct result
of the desire to add more power supply elements
to the control IC, as well as to optimize the in-
terfacing of high current power devices.

This design was the first complete I.C. control chip for switch mode power supplies.
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“TOTEM-POLE” OUTPUT STAGE

One of the most significant benefits in using the
SG 1525A is its output configuration. For the first
time it has been recognized in an IC controller that
it is more difficult to turn a power switch off than
turn it on. With the SG1525A, a high-current, fast
transition, low impedance drive is provided for
both turn-on and turn-off of an external power
transistor or Power MOS. The circuit schematic of
one of the two output stages contained within the
device is shown in Figure 3. This is a two-state out-
put, either Qg is on, forming a low saturation
voltage pull-down, or Q7 is on, pulling the output
up to V. Note that V¢ is a separate terminal from
the Vj supply to the rest of the device.

This offers the benefits of potentially operating the
output drive from a lower supply than the rest of
the circuit for power efficiencies,sdecoupling of
drive transients from more sensitive circuits, and a
third terminal for extracting a drive signal. Note
that even though V¢ can be set either higher or
lower than Vj, the output cannot rise higher than
approximately 1% volts below V;.

Fig. 3 — One of two power output stages contained
within the SG1525A which conduct alter-
nately due to the internal flip-flop.

4 OMITTED
1N SG1527A

~808

During the transition between states, there is a
slight conduction overlap between source and sink
which results in a pulse of current flowing from V
to ground. However, due to the high-speed design
configuration of this stage, this current spike lasts
for only about 100 ns. A typical current waveform
at V¢ is shown in Figure 4. This transient will
normally be decoupled from the rest of the control
power by a 0.1uF capacitor from V¢ to ground
but it should not, otherwise, cause a problem
unless very high frequency operation is contem-
plated where it will contribute to overall device
power dissipation, by becoming a significant por-
tion of the total duty cycle.

The output saturation characteristics of this stage
are shown in Figure 5. The source transistor, Q7 is

a straight forward Darlington and its saturation
voltage remains between 1 and 2V out to 400 mA
under the assumption that V; > V. The sink
transistor, Qg, however, has a non-uniform charac-
teristic which needs explanation. At low sink
currents, the 1TmA current source through Qs
insures a very low saturation voltage at the output.
As load current increases past 50 mA, Qg begins to
come out of saturation for lack of base drive but
only up to about 2V. Here diode D, becomes
forward biased shunting a portion of the load
current through Qs to boost the base current into
Qg. With this circuit, the sink transistor can both
support high peak discharge currents from a capa-
citive load, as well as insure the low static hold-off
voltage required for bipolar transistors.

Fig. 4 — Current “‘spiking”” on the V¢ terminal
caused by conduction overlap between
source and sink is minimized by high-speed
design techniques.
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Fig. 5 — The output saturation characteristics of
the SG1525A provide both high drive cur-
rent and low hold-off voltage.
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A typical output configuration for a push-pull bi-
polar transistor power stage is shown in Fig. 6. With
a steady state base drive current from the SG1525A
of 100mA, this stage should be able to switch 1 to
5A of transformer primary current, depending
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Fig. 10 — A single-ended ground-referenced power
stage for a flyback or boost regulator.
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CONTROLLING POWER SUPPLY
START-UP

Although the advantages of the SG1525A’s output
stage will often be reason enough for its selection,
there are several other important and useful fea-
tures incorporated within this product. One pro-
blem previously overlooked in PWM circuits is
keeping the output under control as the supply
voltage is turned on and off. Undefined states,
particularly the possibility of turning on an output
before the oscillator is running, can be quite awk-
ward, if not catastrophic. To prevent this, the
SG1525A has incorporated an under-voltage
lockout circuit which effectively clamps the out-
puts to the off state with as little as 2%V of supply

voltage which is less than the voltage required to
turn the outputs on. This clamp is maintained until
the supply reaches approximately 8V insuring that
all the remaining SG1525A circuitry is fully opera-
tional prior to enabling the outputs. The clamp
reactivates when the supply is lowered to approxi-
mately 7.5V. There is about 500mV of hysteresis
built in to eliminate clamp oscillation at threshold.

Another important aspect of power sequencing is
restraining the outputs from immediately com-
manding a 100% duty cycle when they are acti-
vated. This is accomplished by a slow turn on
(soft-start) which is defined by an internal 50 uA
current source in conjunction with an externally
applied capacitor. The details of this power se-
quencing system are shown in Figure 11.

Q3 and Qg4 are the output gates normally driven by
the oscillator through D, to provide output blank-
ing between pulses. (One of these transistors is
shown as Q, in Figure 3). At low supply voltages,
Q, conducts with base drive from the 20uA cur-
rent source. Q, provides three functions. First, cur-
rent through R4 activates the output gates with
minimum voltage drop. Second, current through
Rs activates the shutdown transistor Qs holding
the soft-start capacitor, Cgg, discharged. Third, R,
provides a small bucking voltage across Rj for
hysteresis at the switch point.

When the input voltage becomes high enough to
provide a little more than one volt at the base of
Qq, that transistor turns on. This turns off Q,,
activating the outputs and allowing Cgg to begin to
charge from the internal 50 uA current source. The
time to reach approximately 50% duty cycle will be

( 2 volts

t= —_—
50 uA

) Cq

Fig. 11 — The internal power turn-on, soft-start, and shutdown circuitry of the SG1525A.
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Fig. 12 — A simplified schematic of the SG1525A’s oscillator circuitry.
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Fig. 13 — 200W, Off-Line Forward Converter.
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Fig. 15 — 500W, 100 kHz Half-Bridge Schematic.
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Transformer Winding Data
500W, 100kHz, Off-Line, Half-Bridge Converter:

T1 Core: Ferrox 486T250-3C8
Pri: 14T #22AWG
Sec (2): 7T #22AWG

T2 Core: Ferrox EC52-3C8 (EE)
Pri: 14T, 2 layers, 2 #16AWG in parallel
Sec {2): each 2T, C.T., copper strap 0.01"" x0.8"

500 WATT, OFF-LINE, HALF-BRIDGE
CONVERTER

The circuit shown in Figure 15 uses a pair of
SGSP479 power MOS in a half-bridge configura-
tion with the SG1525A chip referenced to the
secondary side of the power transformer.

The power MOS gates are driven directly from the
control chip. output through step down and iso-
lation transformer T1. The SG1525A output
terminals (pins 11 and 14) provide active pull-up
and pull-down (dual source/sink) for the primary
of T1. This provides the fast, high current turn-on
and turn-off pulses needed for the power MOS
gates. In addition, the two ends of the primary
windings are shorted to ground during deadtime,

T3 Core: Ferrox 486T250-3C8
Pri: 1T
Sec: 20T, C.T. #22AWG

T4 117V/220V, 25V, 0.15A, 50-60 Hz

L1 Core: Ferrox IF30-3C8
4 turns, 5 #12AWG in parallel

which prevents accidental turn-on by transients.
Note that the current supplied by the SG1525A
outputs drops to a small value when the gate capa-
citance has been charged or discharged to the
desired gate voltage. Damping resistors with series
blocking capacitors across the two secondaries of
T1 minimize ringing due to the power MOS gate
capacitance and the inductance of T1 and lead in-
ductance, particularly during deadtime.

Deadtime for the SG1525A is set very simply by a
single resistor between pins 5 and 7. Only a small
amount of deadtime is needed since the power
MOS have no storage time and a very short delay
time.

Slow turn-on is accomplished by a single capacitor
at pin 8.
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A DESIGNER'S GUIDE TO THE
L200 VOLTAGE REGULATOR

Delivering 2A at a voltage variable from 2.85V to 36V, the L200 voltage regulator is a versa-
tile device that simplifies the design of linear supplies. This design guide describes the oper-

ation of the device and its applications.

The introduction of integrated regulator circuits
has greatly simplified the work involved in design-
ing supplies. Regulation and protection circuits
required for the supply, previously realized using
discrete components, are now integrated in a single
chip. This has led to significant cost and space
saving as well as increased reliability. Today the
designer has a wide range of fixed and adjustable,
positive and negative series regulators to choose
from as well as an increasing number of switching
regulators.

The L200 is a positive variable voltage regulator
which includes a current limiter and supplies up
to 2A at 2.85 to 36V.

The output voltage is fixed with two resistors or, if
a continuously variable output voltage is required,
with one fixed and one variable resistor.

The maximum output current is fixed with a low
value resistor. The device has all the characteristics
common to normal fixed regulators and these are
described in the datasheet. The L200 is particularly
suitable for applications requiring output voltage
variation or when a voltage not provided by the
standard regulators is required or when a special
limit must be placed on the output current,

The L200 is available in two packages:

Pentawatt — Offers easy assembly and good relia-
bility. The guaranteed thermal resistance
(Rth j-case) is 3°C/W (typically 2°C/W) while if
the device is used without heatsink we can con-
sider a guaranteed junction-ambient thermal
resistance of 50°C/W.

TO-3 — For professional and military use or where
good hermeticity is required.
The guaranteed junction-case thermal resist-
ance is 4°C/W, while the junction-ambient
thermal resistance is 35°C/W.

The junction-case thermal resistance of this
package, which is greater than that of the
Pentawatt, is partly compensated by the lower
contact resistance with the heatsink, especially
when an electrical insulator is used.

CIRCUIT OPERATION

As can be seen from the block diagram (fig. 1) the
voltage regulation loop is almost identical to that
of fixed regulators. The only difference is that the
negative feedback network is external, so it can be
varied (fig. 3). The output is linked to the refer-
ence by:
R

Vout = Vret (1+ R—f-) (1)
Considering V¢ as the output of an operational
amplifier with gain equal to Gy= 1 + R2/R1 and
input signal equal to V¢, variability of the output
voltage can be obtained by varying R1 or R2 (or
both). It's best to vary R1 because in this way the
current in resistors R1 and R2 remains constant
(this current is in fact given by V,¢/R1).

(Equation (1) can also be found in another way
which is more useful in order to understand the
descriptions of the applications discussed.

Vout = R1 il + R2 i2

and since in practice iy > igq (i has a typical value
of 10 pA) we can say that

Vv _ . . . i Vyer
out = R1ip +R2i; with ij= ———
R1
Therefore
R2
Vout = R1 Vyer + Vyet = Vyer (1+ R1 )

In other words R1 fixes the value of the current
circulating in R2 sc R2 is determined.
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Overload protection
The device has an overload protection circuit
which limits the current available.

Referring to fig. 2, R24 operates as a current
sensor. When at the terminals of R24 there is a
voltage drop sufficient to make Q20 conduct, Q19
begins to draw current from the base of the power
transistor (darlington formed by Q22 and Q23)
and the output current is limited. The limit de-
pends on the current which Q21 injects into the
base of Q20. This current depends on the drop-out
and the temperature which explains the trend of
the curves in fig. 4.

Fig. 4
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Thermal protection

The junction temperature of the device may reach
destructive levels during a short circuit at the out-
put or due to an abnormal increase in the ambient
temperature. To avoid having to use heatsinks
which are costly and bulky, a thermal protection
circuit has been introduced to limit the output
current so that the dissipated power does not bring
the junction temperature above the values allowed.
The operation of this circuit can be summarized
as follows.

In Q17 there is a constant current equal to:

Viet - VBE17
—ref” "BE17 (v, .= 2.75V typ)
R17 + R16 ref e

The base of Q18 is therefore biased at:
Vyer -VBE17

+ R16 = 350 mV
R16 + R17

VBE18=

Therefore at T; = 25°C Q18 is off (since 600 mV is
needed for it to start conducting). Since the Vgg
of a silicon transistor decreases by about 2 mV/°C,
Q18 starts conducting at the junction temperature:

600-350
2

T = +25= 150°C

Current limitation

The innovative feature of this device is the possi-
bility of acting on the current regulation loop, i.e.
of limiting the maximum current that can be
supplied to the desired value by using a simple
resistor (R3 in fig. 2). Obviously if R3 = 0 the
maximum output current is also the maximum
current that the device can supply because of its
internal limitation.

The current loop consists of a comparator circuit

with fixed threshold whose value is V¢.. This com-

parator intervenes when |5 « R3 = V4, hence
\%

o = R;C (V¢ is the voltage between pins 5 and

2 with typical value of 0.45V),

Special attention has been given to the comparator
circuit in order to ensure that the device behaves as
a current generator with high output impedance.

TYPICAL APPLICATIONS

Programmable current regulator

Fig. 5 shows the device used as current generator.
In this case the error amplifier is disabled by short-
circuiting pin 4 to ground.

Fig. 5
R
SI LA
°" TR
1 2
f L 200 T
Vi — 3 7 —_— Vo
0.22uF 0nF l
- $-242511

The output current |, is fixed by means of R:
Vs-2

| =
° R

The output voltage can reach a maximum value

Vi =~ Varop = Vi - 2V (Vg4,op depends on I,).

Programmable voltage regulator
Fig. 6 shows the device connected as a voltage
regulator and the maximum output current is the
maximum current that the device can supply. The
output voltage V, is fixed using potentiometer R2.
The equation which gives the output voltage is as
follows:
R2
Vo= Vyes (1+ —=
o ref R1
By substituting the potentiometer with a fixed
resistor and choosing suitable values for R1and R2,
it is possible to obtain a wide range of fixed output
voltages.
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The formula for calculating R is as follows:
Vi min — (Vo + Vdrqp)

lo

R=

Where Vg op is the minimum differential voltage
between the input and the output of the device at
current lg. Vi mip is the minimum input voltage.
V,, is the output voltage and |, the output current.

With constant load, resistor R can be connected
between pins 1 and 2 of the IC instead of in series
with the input (fig. 10). In this way, part of the
load current flows through the device and part
through the resistor. This configuration can be
used when the minimum current by the load is:

Vdrop

lo min = R (instant by instant)

Fig. 10

Vi —OV,
RL
Ry
5-5519/1 L
Soft start

When a slow rise time of the output voltage is re-
quired, the configuration in fig. 11 can be used. The
rise time can be found using the following formula:

CVo R
0.45

At switch on capacitor C is discharged and it keeps
the voltage at pin 2 low; or rather, since a voltage
of more than 0.45V cannot be generated between
pins 5 and 2, the V follows the voltage at pin 2 at
less than 0.45V.

ton =

Fig. 11

Capacitor C is charged by the constant current ic.

VSC

Ic R

Therefore the output reaches its nominal value
after the time tg,:

ic * ton
C
(Vo - 0.45)
0.45

Vo= Vg =

CV, R
0.45

ton = ‘R=

Light controller

Fig. 12 shows a circuit in which the output voltage
is controlled by the brightness of the surrounding
environment. Regulation is by means of a photo-
resistor in parallel with R1. In this case, the output
voltage increases as the brightness increases. The
opposite effect, i.e. dimming the light as the
ambient light increases, can be obtained by con-
necting the photoresistor in parallel with R2,

Fig. 12

01—' L200 P oYe
I R2

S-3321

Light dimmer for car display

Although digital displays in cars are often more
aesthetically pleasing and frequently more easily
read they do have a problem. Under varying am-
bient light conditions they are either lost in the
background or alternatively appear so bright as to
distract the driver. With the system proposed here,
this problem is overcome by automatically adjust-
ing the display brightness during daylight condi-
tions and by giving the driver control over the
brightness during dusk and darkness conditions.

The circuit is shown in fig. 13. The primary supply
is shown taken straight from the car battery
however it is worth noting that in a car there is
always the risk of dump voltages up to 120V and
it is recommended that some form of protection is
included against this.

Under daylight conditions i.e. with sidelights off
and T1 not conducting the output of the device is
determined by the values of R1, R2 and the photo-
resitor (PTR). The output voltage is given by

R2

PTR//R1
If the ambient light intensity is high, the resistance
of the photoresistor will be low and therefore
Vout Will be high. As the light decreases, so Vgt
decreases dimming the display to a suitable level.

Vout = Vrer (1+
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The designer must take into account the dissipated
power and the SOA of the preregulation transistor.
For example, using the BDX53, the maximum
input voltage can reach 56V (fig. 16). In these
conditions we have 20V of Vcgon the transistor
and with a load current of 2A the operation point
remains inside the SOA. The preregulation used in
fig. 16 reduces the ripple at the input of the device,
making it possible to obtain an ouiput voltage with
negligible ripple.

If high output voltages are also required, a second
zener, V,, is used to refer the ground pin of an IC

Fig. 18

s Vi(max) = 56VsVz

R2 l
[S3F Y

to a potential other than zero; diode D1 provides
output shortcircuit protection (fig. 18).

Positive and negative voltage regulators

The circuit in fig. 19 provides positive and negative
balanced, stabilized voltages simultaneously. The
L200 regulator supplies the positive voltage while
the negative is obtained using an operational am-
plifier connected as follower with output current
booster.

Tracking of the positive voltage is achieved by
putting the non-inverting input to ground and
using the inverting input to measure the feedback
voltage coming from divider R1-R2.

The system is balanced when the inputs of the
operational amplifier are at the same voltage, or,
since one input is at fixed ground potential, when
the voltage of the intermediate point of the divider
goes to O Volts. This is only possible if the negative
voltage, on command: of the op-amp, goes to a
value which will make a current equal to that in
R1 flows in R2. The ratio which expresses the
negative output voltage is:

R2
R1

Since the maximum supply voltage of the op amp
used is + 22V, when pin 7 is connected to point B
output voltages up to about 18V can be obtained.
If on the other hand pin 7 is connected to point A,
much higher output voltages, up to about 30V,
be obtained since in this case the input voltage can
rise to 34V.

Fig. 20 shows a diagram is which the L165 power
op amp is used to produce the negative voltage. In
this case (as in fig. 19) the output voltage is limited
by the absolute maximum rating of the supply
voltage of the L165 which is + 18V. Therefore to
get a higher V,,+ we must use a zener to keep the
device supply within the safety limits.

Vi= V. (1f R2= R1, we'll get V= V*)

If we have a transformer with two separate secon-
daries, the diagram of fig. 21 can be used to obtain
independent positive and negative voltages. The
two output diodes, D1 and D2, protect the devices
from shortcircuits between the positive and nega-
tive outputs.

Fig. 19
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Motor speed control

Fig. 25 shows how to use the device for the speed
control of permanent magnet motors. The desired
speed, proportional to the voltage at the terminal
of the motor, is obtained by means of R1 and R2.

VM = Vref (1+

R2 )
R1

To obtain better compensation of the internal mo-
tor resistance, which is essential for good regu-
lation, the following equation is used:

R3 < A1

* Rm

This equation works with infinite R4, If R4 is
finite, the motor speed can be increased without
altering the ratio R2/R1 and R3. Since R4 has a
constant voltage (V,¢¢) at its terminals, which does
not vary as R4 varies, this voltage acts on R2 as a
constant current source variable with R4. The volt-
age drop on R2 thus increases, and the increase is
felt by the voltage at the terminals of the motor.
The voltage increase at the motor terminals is:

\}
_—ref . Ra
R4 +R3

A circuit for a 30W motor with Rpj=4Q,R1=1kQ,
R2 = 4.3 k2, R4 = 22 kQ and R3 = 0.82Q has
been realized.

VM=

Fig. 25
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Power amplitude modulator

In the configuration of fig. 26 the L200 is used to
send a signal onto a supply line. Since the input
signal V; is DC decoupled, the V, is defined by:

Vo= Vyer (1+ %2_;

The amplified signal V; whose value is:
_ R2

v R3
is added to this component. By ignoring the current
entering pin 4, we must impose iy = i + i3 (1)
and since the voltage between pin 4 and ground

remains fixed (V,¢¢) as long as the device is not in
saturation, i; = O and equation (1) becomes:

in = - iz with iz = :3 (for X < R3) -Therefore:
Vo=R2 iy= — —b . R2
o 2 R3 .

An application is shown in fig. 27. If the DC level
is to be varied but not the AC gain, R1 should be
replaced by a potentiometer.

Fig. 26
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HIGH CURRENT REGULATORS

To get a higher current than can be supplied by a
single device one or more external power tran-
sistors must be introduced. The problem is then to
extend all the device’s protection circuits (short-
circuit protection, limitation of Tj of external
power devices and overload protection) to the
external transistors. Constant current or foldback
current limitation therefore becomes necessary.

When the regulator is expected to withstand a
permanent shortcircuit, constant current limitation
becomes more and more difficult to guarantee as
the nominal Vg increases. This is because of the
increase in Vg at the terminals of the transistor,
which leads to an increase in the dissipated power.
The heatsink has to be calculated in the heaviest
working conditions, and therefore in shortcircuit.
This increases weight, volume and cost of the
heatsink and increase of the ambient temperature
(because of high power dissipation). Besides heat-
sink, power transistors must be dimensioned for
the short-circuit.
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Fig. 31
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Voltage regulator from OV to 16V - 4.5A
Fig. 35 shows an application for a high current
supply with output voltage adjustable from OV to
16V, realized with two L200 regulators and an
external power transistor. With the values in-
dicated, the current can be regulated from 2A to
4 5A by potentiometer PT2. PT1, on the other
hand, is used for constant current or foldback
current limitation. The integrated circuit 1C2,
which does not require a heatsink and has excellent
temperature stability, is used to obtain the OV
output. It is connected so as to lower pin 3 of IC1
until pin 4 reaches OV. Q1 and Q2 ensure correct
operation of the supply at switch-on and switch-
off.
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LAYOUT CONSIDERATIONS

The performance of a regulator depends to a great
extent on the case with which the printed circuit is
produced. There must be no impulsive currents
(like the one in the electrolytic filter capacitor at
the input of the regulator) between the ground pin
of the device (pin 3) and the negative output
terminal because these would increase the output
ripple. Care must also be taken when inserting the
resistor connected between pin 4 and pin 3 of the
device.

The track connecting pin 3 to a terminal of this
resistor should be very short and must not be

Fig. 37
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crossed by the load current (which, since it is gene-
rally variable, would give rise to a voltage drop on
this stretch of track, altering the value of V¢ and
threfore of V.

When the load is not in the immediate proximity
of the regulator output "+ sense’ and ‘‘— sense’’
terminals should be used (see fig. 37). By connec-
ting the “’+ sense’’ and "‘— sense’’ terminals directly
at the charge terminals the voltage drop on the
connection cable between supply and load are
compensated. Fig. 37 shows how to connect
supply and load using the sensing clamps terminals.
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Fig. 38
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HEATSINK DIMENSIONING

The heatsink dissipates the heat produced by the
device to prevent the internal temperature from
reaching values which could be dangerous for
device operation and reliability.

Integrated circuits in plastic package must never
exceed 150°C even in the worst conditions. This
limit has been set because the encapsulating resin
has problems of vitrification if subjected to tem-
peratures of more than 150°C for long periods or
of more than 170°C for short periods (24 h). In
any case the temperature accelerates the ageing
process and therefore influences the device life; an
increase of 10°C can halve the device life. A well
designed heatsink should keep the junction tem-
perature between 90°C and 110°C. Fig. 39 shows

the structure of a power device. As demonstrated
in thermodynamics, a thermal circuit can be consi-
dered to be an electrical circuit where R1, 2
represent the thermal resistance of the single
elements (expressed in °C/W);

Fig. 39
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of 3 between the two sides. The temperature jump
will depend on the dissipated power and one the
device geometry but we want to show that there
exists an optimal position between the two de-
vices:

1

d= « side of the plate

Fig. 46 shows the trend of the temperature as a
function of the distance between two dissipating
elements whose dissipated power is fairly different
(ratio 1 to 4).

This graph may be useful in applications with the
L200 + external transistor (in which the transistor
generally dissipates more than the L200) where the
temperature of the L200 has to be kept as low as
possible and especially where the thermal protec-
tion of the L200 is to be used to limit the transis-
tor temperature in the case of an overload or ab-
normal increase in the ambient temperature. In
other words the distance between the two elements
can be selected so that the power transistor reaches
the T} max (200°C for a TO-3 transistor) when the
L200 reaches the thermal protection intervention
temperature.

Fig. 45
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CONTROL OF A DC MOTOR USING TRANSPACK

microprocessor based fully integrated solution

INTRODUCTION

This article covers the design of a controller for a
DC permanent magnet motor. The design is pre-
ceded by a mathematical simulation of the con-
troller. The controller design is complete with
working drawings and a programme for the micro-
processor. A comprehensive collection of diagrams
and photos shows the operational performance of
the design under normal and adverse working con-
ditions.

Simulation of Motor Behaviour

The motor chosen for the design is a constant
current type with a permanent magnet with a
stator flux nearly constant and a good power to
weight ratio compared with classic DC motors.

Simulation forcast: — Max. peak current, Ripple
current at various chopper frequencies, Response
speed of the system. Function in steady state.

The parameters are studied for extreme working
conditions to optimise the choice of inverter
components.

The Control Hardware

The hardware design is implemented with a micro-
processor, D/A converter, switchmode driver and
two power modules for the high current drive for a
simple and integrated solution.

The bridge is constructed with two TO-240

TRANSPACK power modules of half bridge con-
figuration, SGS30DB040D which permit fast
acceleration of the motor and a compact structure.

The microprocessor allows simplicity and flexibility
e.g. motor speed is controlled by a six bit word
which accurately sets the speed between 0.5% and
maximum,

Study of the System Behaviour

The system behaviour is studied to analyse the maxi-
mum stress conditions on the bridge corresponding
to possible operating conditions, the algorithm of
acceleration, braking, and inversion of the speed
are demonstrated. The objective is to obtain the
maximum performance possible with the tran-
sistors chosen for the bridge.

Balance of the Bridge

The evaluation of power absorbed by the various
parts of the system demostrates the efficiency of
the design.

Detailed analysis of power absorbed in the motor
and power dissipated in the bridge qualifies this
design.

This study involves particularly heavy operating
conditions for the power circuitry which verifies
the excellent performance of the TRANSPACK
devices above all in terms of switching speeds and
low losses i.e. efficiency.
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following:
1) VA = RA|A+LAdIA/dt+E

2) Cy = JdQ/dt+DQ +Cr

3)E =K, 06Q

4) Cuv = Ky o la

Where

Va = Armature Voltage (Volts)
la = Armature Current (Ampere)
Rp = Stator Resistance ()

La = Stator Inductance (H)

E = Electro Motive Force (Volts)
Cm = Torque (Nm)

C, = Friction (Nm)

J = Inertial Moment (Kg. m?)
© = Angular Velocity (rad/sec)
¢ = Stator Magnetic Flux (Weber)
D = Kinetic Friction (Nm)

Ky = Back EMF Constant (V.s)

Kt = Torque Constant (Nm A™Y)

From the balance of energy:

C.Q2 = E.l 5 where C equals the motor output (Watts)

E N
=———— K¢ ¢ | from which K¢ = Ky,
Ky ¢

The differential equations were resolved by the

Runga ~ Kutta method for solving non linear
equations.

With the simulation it was proposed to forecast
the following behaviour:

— Maximum Peak Current

— Ripple current at various chopper frequencies
— Response speed of the system

— Function in steady state

Fig. 2

The phenomena were studied with the intention
of seeing the maximum values of the observed
parameters rather than instantaneous values in
order to optimise the choice of inverter com-
ponents. The simulation was made supposing a
supply voltage of 200V.

N.B. — In Appendix A is the programme used for
the simulation run on VAX.

Figures 2, 3 & 4 illustrate the simuiated motor
currents at chopper frequencies of 5, 10 & 20
KHz with the motor blocked and a 50% duty
cycle (A =5).

It can be seen that ripple current decreases in a
practically linear relationship to the frequency,
passing from 3A at 5KHz, to 0.9A at 20KHz.

The average of the current is zero as is the torque.
The absorbed power is however dissipated in the
motor, becoming lower as the chopper frequency
increases.

Figures 5 & 6 show the trend of velocity, at 10
& 20KHz, with a 70% duty cycle (A = 7) and
load torque zero. Also the ripple on the speed
is strongly influenced by the chopper frequency,
going from 4.22% at 10KHz to 0.84% at 20KHz.
Assuring a steady state speed of 237 rad/sec the
ripple varies from 10 rad/sec at 10KHz to 2 rad/
sec at 20KHz.

Under identical conditions (frequency and duty
cycle) the motor current analysis shown in figures
7 & 8 was made.

The ripple current and hence the torque merit
observations similar to those made for the speed.
From the simulations it was decided to operate
with a frequency close to 20KHz both in terms
of reduced losses in the motor as well as the ripple
effects on speed and torque.
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Fig. 8
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Also it is possible to impose a delay between the
end of one signal and the start of the complement,
essential to avoid the short circuit condition on
the bridge. The transfer of the signal from the con-
troller to the high side of the bridge is via Q5 and
Q6. These transistors are power devices working in
the active zone with very low current and must
sustain a voltage 5V greater than the voltage
applied to the motor (fig. 11a).

This solution avoids the use of a transformer and
is aimed towards the eventual integration of the
power stage. The drive of the transistors in the
bridge was realised with a simple integrated solu-

Fig. 11a

tion of the SGS L149, whose power for the high
side is referred to the voltage at the motor terminals
which follows the variations.

The power for the motor is provided by a full bridge
circuit permitting operation in all 4 quadrants.

The two half bridge TRANSPACK, SGS30DB040D,
are built using darlingtons without integrated col-
lector - emitter diodes which permits full use of
the fast freewheel diodes incorporated in the
power module and high frequency drive of the
motor. The voltage waveforms on the motor are
illustrated in photo 1.

1

|
|
|
|
|

K
B

Photo 1 - Motor voltage

V =50V/div
t = 10us/div

Photo 2A - Ripple of 3A at 5KHz

I =05A/div
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Study of the system behaviour

To analyse the maximum stress condition on the
bridge corresponding to possible operating con-
ditions, the algorithm of acceleration, braking and
inversion of the speed were performed. The ob-
jective was to obtain the maximum performance
possible with the transistor s chosen for the bridge.

The strategy followed was to choose a speed of
3000rpm analysing the time needed to reach the
speed.

Acceleration Tests

Firstly the motor was accelerated with a duty cycle
corresponding to the chosen speed (steady accelera-
tion with a drive signal duty cycle of 70%). The
result of this test is shown in photo 3 & 4.

Photo 3 - Trend of the speed with only voltage
changing (560 rom/div)

Photo 4 - Trend of the current under the same
conditions as photo 3 (5A/div)

In photo 4 it is seen that the current reaches a
peak of 23A in a limited number of pulses and
then goes to full speed much more slowly, with a
current of 0.6A. Regarding the speed, the period
of the transition may be estimated as around 1.2s.

Photo 5 - The trend of the velocity with four
progressive steps of voltage at intervals
of 26ms (560 rpom/div)

Photo 6 - The trend of the current under the
conditions of photo 5 (5A/div)

Also a ramp of acceleration was tested imposing
4 increases in duty cycle of 5% with a 25ms delay
between each (photo 5 & 6).

In this way the maximum current during accelera-
tion is reduced to 20A without any significant
variation of the time to reach full speed.

Photo 7 - The trend of the speed with the drive
of figure 13 (560 rom/div)
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Photo 11 - Trend of velocity with a initial drive
to produce 3750 rpm followed after
160ms by a drive to produce 2250 rpom
and finally after 50ms by a drive to
produce 3000 rom

v
DUTY CYCLE
%o

80

70 f—- —]———_
60 f ——

TIME (msec)

5U-1056

Speed Reversal

Having reached the maximum, the objective was to
achieve the maximum steady acceleration and to
estimate the time needed to achieve an inversion
of the speed passing from +3000rpm to -3000rpm
having supposed that this is the most critical
stress on the bridge.

There was first analysed the phenomena of braking
and it was seen that braking too quickly may
cause a change of function, making the motor a
generator and creating excess emitter base voltage
up to a situation intolerable for correct operation
of the bridge components.

This phenomena was taken into account to achieve
the most rapid braking possible without over-
stressing the bridge components.

We succeeded in this way to obtain a time, from
+3K to - 3Krpm, of about 500ms, as shown in
photo no. 12 where the achievment of a steady
state is not considered but only the transition
from one speed o another.

Photo 12 - Trend of velocity (1090 rads/sec/div)

The behaviour of the relevant currents are shown
in photo 13 where points shown by the arrows
are relative to the transformation of the motor
into a generator.

Photo 13 - Current absorbed by the motor with
the described speed invertion (10A/div)

Both the tests of acceleration and speed reversal
were made with repetitive cycles, with appropriate
programmes in the Nanocomputer'® , for periods
of several hours without creating problems for
the SGS30DB040D.

Balance of the Bridge

The evaluation of the power absorbed by the
various parts of the system is analysed in the
following paragraph.

The estimates obtained give an indication of the
efficiency of the control system in that it permits
a ratio of the power absorbed to that of the motor.

The power was measured using the following
system (fig. 14).

The chosen conditions were:

— Duty cycle of 76%
— Average motor current 1.25A
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Photo 16

Photo 19

The power dissipated during the turn-on phase
and the respective voltage and current waveforms
are shown in photos 17 & 18.

Photo 17

OPH & UZR S

Photo 18

0PN B UZR -2.443
pSM 2 @

From the photo of the power it is possible also
to measure the energy dissipated. This corresponds
to an average power of:

Pon = E x F = 189.6uJ x 21700Hz = 4.1W

The power dissipated during the turn-off phases
and the respective waveforms are shown in photo
19 & 20.

The energy dissipated in this case is 118uJ thus:
Porr = Ex F=1185x 21700 = 2.47W

Photo 20

The dissipation of the conduction phase is not
conveniently measured by the method used so it
was preferred to make an estimate.

At the average current of 1.25A from the charac-
teristic curves a V cg (sat) of 0.8V is found.

Pconp. = 1.25A x 0.8V x 0.76 = 0.76W

Taking into consideration that the conduction
phase is 76% of the full period:

The power dissipated in a transistor of the bridge
is thus:

ProT = Pon * PorrF * Pconp = (4.1 + 257 +

+0.76) W = 7.43W

CONCLUSION

During this work a study was made, both in theory
and application, of the control of a DC motor.
For this study, advantage was taken of the flexi-
bility offered by using a microprocessor to make
many tests. This allowed a comprehensive analysis of
the behaviour of the SGS30DB045D TRANSPACK.

This involved the recreation of particularly heavy
operating conditions for the power circuitry,
which verified the excellent performance of the
TRANSPACK devices, above all in terms of
switching speed and low losses. Also studies
were made of a number of drive circuits for the
power transistors, useful for future projects.
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APPENDIX A (continued)

10

20

18
11

12

21

CLOSE (UNIT=11)
STOP
END

SUBROUTINE RKUTTA(N,X,Y,FUNC,H,XF,YF,CR,RA,XLA,FL,CM,E,RJ,
Ke,Kv,L,T,T1,72)
DIMENSION Y (20),YI(20),YF(20),D(20),A(S5)

REAL KC,KV
A (1) = H/2
A(2) = A (1)
A (3) = H

A (4) = H

A (5) = A (2)
XF=X

DO 10 K=1,N

YF (K} = Y (K)

YI (K) = Y (K)

DO 20 J=1,4

CALL FUNC (XF,YI,N,D,CR,RA,XLA,FL,CM,E,RJ,Kc,Kv,L,T,T1,T2)
XF=X+A (J)

DO 20 K=1,N

YI(K)=Y(K)+A(J)*D(K)

YF(K)=YF(K)+A(J+1)*D(K)/3

RETURN

END

SUBROUTINE FUNC (X,Y,N,D,CR,RA,XLA,FL,CM,E,RJ,Ke,Kv,L,T,T1,T2
DIMENSION Y (20),D (20)

REAL KC,KV

DO 16 M=0, (L-1)
IF(X-M*T).LE.T1) GO TO 11
IF((X-M*T).LE.(T1+T2)) GO TO 12
CONTINUE

VA=400.

6o TO 21

VA = - 400.

60 TO 21

CONTINUE

D (1) = (VA-E-RA*Y(1))/XLA

D (2) =(CM-CR)/RJ

RETURN

END

259



APPENDIX B (continued)

"de motor control’
in addr obj code t & i lina csource statemant

1 D8S5F  3Ee:2 58 aitd 1d a.0:2h
2 DBEL 26FF 59 loopl 1d h,effh
3 D863 Z2EFF 69 loop?2 1d 1,0fth
4 DB&E D &1 loops dac 1
5 DB&6 (26508 62 Jp nz,loopd
6 DB&Y 29 &3 dec h
7 DB&A CR2463D8 b4 Jip nz,loop?
8 D8s&h 3D 13 dec a
9 DB&E C261D8 64 ip nz,loopl
ie¢ DB71 79 &7 1d a,c
11 D872 B7 48 or a
12 D873 C21iCD8 %4 iP nz,main
13 0876 L6FF 76 init? 1d d,effh
i4 D878 1EIF 71 1d e, 1fh
15 D874 @408 72 1d b, eth
16 D87C oEed 73 1d c,¢8h
17 D87E /A 74 1d a,d
18 D871 D369y 7% out (piod);a
19 0881 ZE6R 76 1d a,88h
2 DEE3  26FF 77 ioopé 1d h,offh
21 L88Y  Z2EFF 78 loopd 1d 1.0ffh
22 Degys 2D 79 loapé dec 1
22 DEgB (28708 8¢ ip nz, loopbd
24 DBBE 25 61 dec h
25 DEEC 28508 82 Jn nz.loops
26 DegF 3D &4 dec a
27 DBYe (28308 84 ip nz, loop4
2g D3 78 e exitd 1d a,b
29 [0B%4 B7 84 or a
20 DeYYS  CAACDE 87 Jp z,indé
21 DBYB 78 £8 1d a,b
32 DBYY D&bh 8y sub 0Sh
33 DLBYE FAALSDE 20 in m, indS
4 DEZE 04 g1 dac b
35 DEYF 18 92 dec d
34 DBAG 1S 92 dec d
37 beAal 1S @4 dec d
38 Deal CsCID3 94 ip outl
37 DBAS 05 96 indg dec b
49 DBAS 14 97 inc d
41 DBA7 14 ?8 inc d
42 DBAB 14 99 inc d
43  DBAY C3CHL8 160 Jp outl
44 DBAC 79 191 indé 1d a,c
45  DBAD B7 162 ar a
46 DBAE  CACSDE 163 ip =, outl
47 D8E1 79 1¢4 1d a.c
48 DgRZ DG 165 syl 0Sh
49  DEB4  FAREULS 196 ip m,ind7
S DBEV D 107 dec C
51 DBEg 1D 1e2 dic ]
52 DBRY iD 165 dec ]
53 pEeA 1D 11e dic =
54 DERE  CICEDE 111 ip outl
55 DBRE €D 11z ind7 de c
& DeEFIC 113 inc 3
57 D8Ce 1C 114 inc e
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APPENDIX B (continued) |

dec motor control’

In addr obj code t & i line source statamant

1 D926 D605 172 sub @Sh

2 D928 FA32DY 173 Jp m,indle

3 D928 @D 174 dec c

4 D92C 1D 175 dec [

5 D920 1D 176 dee @

é6 D9ZE 1D 177 dec ]

7 DY2F C339D9 178 ip out2

8 D932 @D 179 indle dec c

9 D933 1C 1 inc 2

10 D934 iIC 181 inc El

11 D?3% 1C 182 inc ]

i2 D936 (33909 184 ip out?

13 D939 78 184 out? 1d a.b

14 D93A BY 185 or a

15 D932 CA44D9 186 ip T oaxit?
i6 D93E 74 187 1d a,d

17 D93F D3e? 188 out (piod),a
18 D?41 C347DY 189 ip @xit?

19 D944 70 1v9 =it 1d a, e

20 D945 D30y - 191 out (piod),a
21 D?47 3E91 192 = it?7 1d a,0lh

22 D949 265F 193 loopl3d 1d h.5fh
23 D94B 2ELF 194 loopla 1d 1,5fh

24 D94D 2D 195 looplS dec 1

29 D94E  C24DD9 196 ip nz,lonply
26 D951 28 197 dec h
27 D952 C24RD9 198 ip nz,looplé
28 D255 3D 199 dec. El
29 D936 C249D9 200 ip nz,loopl3
30 D9E9 79 291 1d a.c
31 DY3A B7 202 or a
32 D9SR (C207D9 2904 ip nz,exité
33 D9SE  14FF 204 inita 1d d,e+¥fh
34 DR6D  0E04 205 1d b,04h
35 DPe2 T7A 2eé 1d a,d .
36 D963 - D39 207 out (picd),a
37 D765 3EU8 208 1d a.08h
38 D967 26FF 299 loopléd id h,effh
39 D949  2EFF 210 loopl7 1d 1.0ffh
49 D94B 2D 211 loopl8 dec 1
41 D96C CR6BDLY 212 ip nz,loopis
42 DY&F 29 213 dec h
43 D?79 C26¥D9 ) 214 ip nz,loopl7
44 DY73 3D 215 dec a :
45 D974 CR47D9 214 ip nz,looplé !
46 D977 7% 217 eit8 1d a,b 3
47 D978 B7 218 ar a
48 D979 CAB0D? 219 ip =,indll
49 DY7C 05 220 dac h
59 D970 19 221 dec d
51 D?7E 15 222 dae d
52 D97F 15 223 dec d
53 DYBO 7A 224 indll 1d a,d
Y4 D981 D3¢9 289 out (piod),s
59 D983 3E01 226 td a,0lh
b4 DYRE  ZAEF 227 loopl? 1d h,S+h
57 D987 2ELF 228 loop?e 1d 1,5fh
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TRANSISTOR OVERSTRESS

IN BRIDGE CIRCUITS

FOR MOTOR CONTROL APPLICATIONS

Interference by the anti-parallel diodes

INTRODUCTION

Certain industrial drives used in robots, servos and
avionics must be capable of exceptional perfor-
mance to allow for very rapid speed variations.
The phenomena involved, especially when braking,
has been analysed to determine the stresses on the
power devices in a bridge circuit driving a small
dc permanent magnet motor. Although this inves-
tigation was carried out on a dc motor, the con-
clusions are of general validity for almost all motors.
The purpose of the investigation was to locate
the dangerous conditions created by the reciprocal
influence of the power transistor (or darlington)
and the associated fast recovery diode.

When braking the motor abruptly, the motor
current reverses with respect to the previous phase,
this is a consequence of the rotational energy
stored in the motor which is converted into elec-
trical energy and fed back to the filtering capacitor
in parallel with the bridge.

Very high di/dt values are associated with these
conditions due to both the switching of the bridge
components and the fact that the supply generator
faces a low impedance. These are highly critical
conditions and the result can be very dangerous
for the electronic components.

Fig. 1 - Current flows during normal drive and braking conditions

= SU-1001

— Continuous line - current path during normal drive conditions
— Dashed line - current path during braking when Q2 and Q3 are off
— Dash-dot line - current path during the conduction of Q2 and Q3
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To make measurement easier asingle chip darlington
type SGSD310, analogous to the SGS50DB045D,
was damaged intentionally on the curve tracer
by a reverse collector to emitter breakdown
(the SGSD310 chip can typically withstand up to

12 or 14V in this condition).

It is evident that the failure mechanism is the same
in both cases and consequently, the operating con-
ditions that can force the transistors into reverse
conduction must be investigated.

Photo 3 - The SGSD310 chip which failed during simulated overstress conditions

PEAK FORWARD VOLTAGE OF
THE DIODE

The peak forward overvoltage (Vgp) on the
bridge diodes is generated by very rapid current
variations. In order to evaluate these variations
a discrete bridge was constructed to make the
diodes accessible for measurement. Each switch
in the bridge was made up from three SGSD310
darlington transistors and one SGS8R20 diode.
i.e. the configuration as one switch inside the
TRANSPACK module.

The motor was accelerated abruptly bringing
the duty cycle from 50% (zero speed) to 85% ,
and then braking to zero speed again in four
subsequent steps. Values of di/dt as high as 50A/us
caused by the current generated during braking
were observed on the diodes.

Taking into account that the discrete simulation
implies stray inductances substantially larger than
those inside the TRANSPACK module, the di/dt
values inside the TRANSPACK are expected to
be greater. In practice the connections inside
a TRANSPACK are approximately 3cm long,
while in the bridge constructed with discrete
devices they are about 15cm long.

Fig. 2 - Waveform of the braking current through
the diode

100 nanosec

Follolving the above findings, some SGS8R20
diodes were tested with di/dt = 50A/us using the
circuit shown in Fig. 3.

Fig. 3 - Basic schematic of the circuit used to
measure Vg

oVec

The peak voltages obtained under these con-
ditions (Vg gyn.) range from 7 to 9V.

A direct measurement of Vgp inside the
TRANSPACK module was also carried out. A
special configuration was used putting a 2.2KQ
resistor in series with the diode chip where the
forward voltage peak was measured. In this case
peak voltages of about 18V were recorded, such
a-high value is due to both the Vgp of the diode
as well as the stray inductance of internal con-
nections. The oscilloscope photograph (Photo 5)
shows the diode peak forward voltage inside
the TRANSPACK module.

In the cases described the energy level is never
high enough to imply transistor failure, due to
the relatively low voltage and short length of
time under stress.
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During the braking phase (when the anti-parallel
diode conducts) the base to emitter resistance
becomes a path for positive base current when the
emitter is more positive than the collector. This
is the origin of reverse conduction in a transistor

(or a darlington which has an integrated Rgg in
the final transistor). The value of Rgg is of prime
importance as the smaller it is, the larger the
reverse conduction current.

Fig. 4 - The Rgg of the final transistor becomes a positive bias element if the collector is negative

RBE

+

L.

Rpe

_K_

4A) Positive collector: Rgg sinks the leakage current and ensures the off-state.

-iv

I:’ f
_",..._—
RBE
SU-1002

4B) Negative collector (Vg of the anti-parallel diode):

— The emitter acts as a collector and vice-
versa;

— RpE acts as a negative base current;

— lg is multiplied by the gain (in reverse
mode);

CONCLUSIONS

The analysis shows that the biasing of the col-
lector-emitter junction of the bridge transistor by
conduction of the free-wheeling diode, can over-
stress it and even induce a failure. The origin of
the failure is not only due to the peak overvoltage
of the diode, since its duration is too short (about
100ns) but primarily to the reverse conduction of
the transistor during turn-off of the bridge switch.
The c-b junction therefore acts as a slow recovery

— A substantial charge is stored in the
forward biased collector to base junction.

— It can take a few microseconds for this
junction to recover to the off-state when
the collector becomes positive again.

anti-parallel diode and if charge has been stored
in this junction it causes the greatest stress on the
device.

The transistor failure (disregarding the overstresses
induced on purpose), is in practice triggered by
more than the single switching phase described
above, it is more a series of subsequent stresses
at each switching cycle which leads the device
into a critical state. It is also easy to appreciate
that the failure concludes a phase of abnormal
heating in a concentrated spot on the chip.
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PARALLELING TRANSPACK MODULES

A practical example

INTRODUCTION

The requirement for a higher current rating than
a single module can provide is not uncommon,
but the circuit designer probably questions the
practical feasibility of paralleling large transistor
modules such as the SGS TRANSPACK.

Although these device are more complex than
discrete transistors, in practice they can be par-
alleled quite easily, the main point to keep in mind
is current sharing between the paralleled modules
during turn-off when loaded inductively.

THE MOST COMMON CASE
Different kinds of SGS TRANSPACK modules

Fig. 1 - hfgg curves of four SGS30DA070D modules

offer practically the same power switching capa-
bility. If a device is rated for a higher voltage, it
will consequently be rated for a lower current.

As a result, it is clear that the most common case
of paralleling occurs with high voltage parts.

The SGS30DA070D has been selected for this
example as it represents the highest current rating
in the high voltage range of TRANSPACK modules.

SGS30DA070D IN PARALLEL

Four modules were used for the practical in-
vestigation and the relevant hgg curves versus
lc can be seen in Fig. 1.
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The reverse bias safe operating area was obtained
using the test driving circuit shown in Fig. 5. The
RBSOA characteristics for a single module (Fig. 6)
and the three modules in parallel (Fig. 7) show
that the high voltage boundary is the same for both
arrangements.

Fig. 7 - RBSOA of the three devices in parallel
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The addition of a 1.282 resistor in the test driving
circuit to limit the negative base current improves
the high voltage boundary of both RBSOA charac-
teristic curves, the dotted line corresponds to the
new boundary.

THE BEST CHOICE

This example demonstrates the performance of

devices which were not specifically selected for
the test. A further improvement can be achieved
if parts with very close hgg values are paralleled
together, ideally the three parts should remain
within a + 10% hgg range.

hgg matching ensures that the paralieled parts
have almost the same storage time and that none
of them supports the entire load current, during the
interval between turn-off of one module and
turn-off of the other two.

The high switching speed of SGS devices helps
to minimise any minor variations between matched
modules.

CONCLUSIONS

Care must be taken to ensure that current is
equally shared between paralleled modules and
layout is optimised to reduce stray inductance in
the interconnection leads.

The easiest way to ensure a fair sharing of the cur-
rent is by adding a seperate speed up diode and
bias resistor network to each module. However,
this will not prevent the possibility of current
overshoot in one module during turn-off (as shown
in Fig. 4) so for optimum results it is best to ensure
current matching during turn-off.

The most practical way is to use parts with hpg
values within a + 10% band for paralleled ope-
ration. SGS TRANSPACK power modules can
be supplied in gain groups to suit customer ap-
plications.
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ROBUSTNESS OF HIGH VOLTAGE POWER
TRANSISTORS

INTRODUCTION

Most semiconductor manufacturers publish safe
operating area (SOA) curves of some form in
their data-sheets. These published curves are
intended to convey to the user, the electronic
equipment designer, a measure of the device
robustness. The forward bias safe operating area
(FBSOA) indicates the collector emitter voltage
and current capability with the base emitter
junction forward biased. The reverse bias safe
operating area (RBSOA), as the name implies,
indicates the collector emitter voltage and current
capability with the base emitter junction reverse
biased. This curve is used to determine the locus
of the transistor operating point during the tran-
sition from forward biased conduction to the
cut-off state.

Generally speaking, safe operating area curves
have been published for the transistor case tem-
perature at 25°C. Derating is required, the amount
being dependent on the transistor operating tem-
perature and the temperature derating factor. Dif-
ferent derating factors are applied by some manu-
facturers to different parts of the SOA curve,
depending on the failure mechanism which limits
the transistor performance in that area. Thus, it is
common to see both ‘power derating’ and ‘Ig )
(second breakdown) derating’ factors published.
Additions to the standard SOA curves are being
made as the capabilities and the understanding of
the process technology are improved. In particular,
extensions above the Vg rating of the transistor
are seen in both FBSOA and RBSOA curves to
indicate the transistor capability during ‘switch-on’
and ‘switch-off’ transitions.

Non repetitive overload safe area curves are also
appearing, and these will be found particularly
useful in the motor control area However, a degree
of caution is necessary on the part of the design
engineer in interpretation of this additional in-
formation. The semiconductor manufacturer will
have defined the test conditions for which the
overload safe area curve applies. Disparity between
the application circuit and the semiconductor
manufacturers test circuit, including any precon-
ditioning, can cause significant differences in the
ability of the transistor to withstand an overload.

FORWARD BIAS SAFE OPERATING AREA

The forward bias safe area for the SGS BUX48/
SGS BUV48 transistor families is shown in figure
1. The curves apply for a case temperature of
25°C. The lower curve represents the continuous
conduction case, with collector current, |, limited
to 15 amps and collector emitter voltage, Vcg
limited to 400V, or 450V for the ‘A’ part, 600V
for the ‘B’ part or 700V for the ‘C’ part. Beyond
the 15A 10V point on the curve, the current
rating falls in conformance to the maximum power
rating of the transistor. There are 2nd and 3rd
break points (charge of gradient) on the curve at
6A and 0.2A. In these areas the transistor is no
longer limited by total power rating, but by
second breakdown.

Fig. 1- BUX48/BU V48 forward bias safe operating
area
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The outer set of curves represent the pulse current
capability, as opposed to the DC capability of the
transistor. The rating applies for a single pulse,
so that the duty cycle effect and resulting tem-
perature increase is discounted. All of these curves
are terminated at the Vcgo rating (400V - 700V)
of the transistor. A small additional area, marked
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Fig. 5 -~ Theoretical operating locus in FBSOA test
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Fig. 6 - Oscilloscope display of operating locus in
FBSOA test
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The reverse bias SOA test is performed in 2 stages.
This is to achieve a ‘best fit’ to the SOA curve.
The first part of the test exercises the high current
RBSOA extending up to the Vcgo for the tran-
sistor. The second part exercises the low current,
high voltage area extending to VcgRr. Figure 7.
Illustrates the test circuit. Switch 1 closes to turn
the T.U.T. ‘on’. The condition time is controlled
to limit the peak collector current.

As switch 1 opens, switch 2 closes reverse biasing
the base emitter junction of the T.U.T. Following
the storage time delay, during which time the
excess charge in the collector base junction is
extracted, the collector emitter voltage rises instan-
taneously to Vg when the rectifier, D1 conducts

returning the inductive energy stored in L to the
supply, Vg. Resistor R3 connected in series with
the rectifier D1 shapes the load line and so deter-
mines the locus of the operating point of the
T.U.T. during ‘turn off’. The peak voltage across
the T.U.T. will be:

VCEpk = Vg + |Cpk » R3 + VF D1

This simple equation neglects the effects of circuit
wiring inductance and the forward recovery time
of the rectifier, D1. Some adjustment in Vg or R3
value may be required to compensate for these
effects. Figures 8 and 9 illustrate the locus of the
operating point of the T.U.T. during ‘turn off’.

Fig. 7 - Reverse bias safe area test circuit

Su-1442

Fig. 8 ~ Theoretical operating loci in RBSOA
tests
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Fig. 9 ~ Oscilloscope display of operating loci
in RBSOA test
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TECHNOLOGY RELIABILITY AND APPLICATIONS
OF SGS HIGH VOLTAGE NPN TRANSISTORS

Introduction

The basic technology chosen for high voltage
(Vego > 400V - Vcgo > 600V) transistors is
fundamental to their in-circuit performance as well
as their “'built-in’’ reliability.

Also the technology effects the wafer size which
may be used in production, as well as the yields.
In some cases also packaging options may be
restricted. These are important factors influencing
the price and availability for any semiconductor
device.

Subject

This note discusses the SGS Multiepitaxial Mesa
process used for a wide variety of industry standard
products as well as some innovative types.

This technology is illustrated in simplified form in
figure 1, figure 2 shows an actual cross section of
the edge of a die made up of several scanning
electron microscope pictures.

Fig. 1a - Multiepitaxial Mesa wafer simplified cross section
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handled allowing SGS to use 4" and 5" wafers
with ease.

Following diffusion is the etching of the mesa
which is filled with a very pure glass by an SGS
patented selective deposition process which avoids
any contaminants such as photoresist which may
not be entirely evaporated during the fusion of
the glass. The aluminium top metal is now deposited
and the pattern defined. The entire top of the
wafer is now protected by a thick deposited oxide
in which windows are opened for bonding the base
and emitter connecting wires.

Finally the wafer is reduced to the correct thickness,
removing the excess N* silicon by grinding the
back of the wafer, after which the back is metallized.

Packaging
As the die must be separated from the wafer before

mounting in the package the fact that SGS cuts
the silicon outside the mesa and its glass filling,
eliminates the risk of mechanical damage to the
passivation.

As the sawing creates a short circuit at the edge of
the die from the collector to the field plate no
“’flashover’” can occur in the package between
the header which is at collector potential and the
top of the die, which in alternative half mesa tech-
nologies will be at base potential. The surface is
covered with a thick oxide as previously mentioned
so no arcing occurs along the surface.

This process of passivation also ensures high
reliability in plastic packages.

This technology also allows wafers to be 100%
probe tested to high voltage specifications, an
important point for users of high voltage transistors
in chip form for hybrid assemblies.

Fig. 3 - Section of Mesa with simulated equipotential lines

THERMAL OXIDE P_* BORON IMPLATED P GLASS AL EQUIPOTENTIAL RING
v T S oum
P z
_ — 25um
NT -
= — SO0um
N _ UM
N* - 175,um
1 1 Il 1 1 Il 1 Il | Il 1 L Il | i | l
20 40 60 80 100um 200um 300um 56955

Reliability

In the reliability of a high voltage transistor the
voltage stress on the surface of the silicon in the
region of the collector/base interface is very
important. This region must be protected from
contamination. By terminating the collector-base
junction on the edge of the mesa, and using glass
the sealing against potential contaminants is as-
sured. The use of the aluminium field plate ensures
the glass is kept at a constant charge. The surface
of the Player is treated with an ion implantation
to ensure a very well controlled surface doping
thus aiding close control of the electric field
strength distribution and leakage currents. SGS has
developed computer simulation programs which
can predict the field strength enabling the design to
be optimised for reliability. Figure 3 shows the
equipotential lines superimposed on the actual
device cross section demonstrating the low stress
on the surface.

SGS continually monitors the reliability of the
process by sampling production on a weekly basis.
The high temperature reverse bias test (HTRB) is
used to evaluate the stability and quality of the
passivation,

Devices are subjected to Tamp = 125°C with the

base-emitter shorted, and 600V d.c. is applied to
the collector. Figure 4 shows typical results of
leakage currents measured at Vgeg = 900V, a
point on the line at 45 degrees indicates no drift in

Fig. 4 - Leakage current stability in HTRB life
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Fig. 9- Igq

waveform for improved dynamic saturation

VCE (sat) dynamic test circuit
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The speed-up capacitor decreases the Vg (sat) dyn. as shown in the
diagram and modifies the shape of the base current with an overshoot.
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SECOND BREAKDOWN
IN POWER TRANSISTORS

One of the basic failure machanisms in power tran-
sistors is second breakdown.

Under this term, various physical phenomena
which are completely different are included. They
depend on the different use of transistors in the
circuits and have in common the electrical and
thermal instability inherent in transistors them-
selves.

The conduction behaviour of an emitter base junc-
tion and the current gain of a transistor depend
significantly on the temperature and increase as a
function of the temperature, Electrical and thermal
instabilities may simultaneously act within the
device, thereby giving rise to destructive second
breakdown mechanism.

An understanding of this mechanism is of great
importance for a safer and optimum application of
a power transistor.

A distinction should be made between direct
second breakdown (ls/p or more commonly SOA),
which is distinguished by a normal direction of
base current I1g (entering in an NPN transistor) and
inverse second breakdown (Es/p), when Ig is in the
opposite direction (extracted from an NPN tran-
sistor). The limits to which a transistor may be
used without entering into Es/p are defined by the
reverse bias safe operating area (RBSOA).

DIRECT SECOND BREAKDOWN (Is/b)

An important information for the power circuit
designer is the locus of Ic - Vcg points defining
the boundary between stable and unstable operation
of forward biased transistors. This locus defines the
SOA (safe operating area) that is the area of the

loglc - logVcE plane which may be used without
any risk in DC current conditions or with different
width pulses at a known temperature. A typical
SOA is shown in Fig. 1.

The limits of this area are the following:

1) The A-B section represents the upper limit of
the collector current that may normally be used,
generally limited by wire bonds. Operation at
higher currents may cause damage to the
wires of their bonding.

2) The B-C section is the -1 slope curve section

(i.e. the section with constant dissipation)
defined by:
(Timax - To)
Rtn

Fig. 1 - Safe operating areas
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A side drop of 26mV reduces by a 1/e factor the
injected emitter current.

A concentration is therefore generated of the cur-
rent at the emitter periphery, therefore the active
silicon area is reduced and hot spots occur, leading
to an effective increase of the thermal resistance.
As a result, the maximum dissipable power is
decreased.

When Vcg is increased the effect of the base -
collector electric field is to increase the base cur-
rent concentration,

Different techniques may be adopted to limit
the Is/b phenomenon. Fundamentally, they consist
of minimising the mechanisms that trigger electrical
and thermal instabilities in the transistor. The basic
techniques are:

1) Minimization of crystal damages, metal im-
purities and of doping disuniformities.

2) Optimization of package and die attach tech-
niques, to minimize the thermal resistance on
which the stability factor S depends. Disu-
niformities of silicon die bondings to the case
may give rise to adverse variations of Rth as a
macroscopic parameter for the dice as a whole,
but also to significant variations between differ-
ent points, giving rise to premature second break-
down.

3) Increase of the base thickness to reduce the
high current densities (due to emitter crowding)
flowing through the collector base junction
(where the electric field is localized), so that
the density of the dissipated power is decreased.
High base thicknesses, however, will result in
lower cut off frequencies and slower switching
times.

4) Optimization of the horizontal geometry.
5

Introduction of distributed ballast resistances
connected in series with the base, the emitter
or both, which tend to give & negative feedback
to thermal runaway, therefore stabilizing the
device. Fig. 3 shows the Jg/VBE characteristic
curves for two points in the junction, at dif-
ferent temperatures (T2 > T1).

Fig. 4

S; 02

Fig. 3

VBe

5-8076

It may be seen that the introduction of a ballast
resistance in series with the base or the emitter
may reduce from J3 to J2 the current density in
the hot spot.

The emitter ballast resistance is generally obtained
by opening emitter contacts thinner than the
emitter strip (Fig. 4).

In this way it is possible to limit the current density
at the boundaries of the emitter. These resistances
show the drawback of increasing the saturation
voltage of the transistor by the amount VcEsat
=REg x Icsat.

On the other hand, the base ballast resistance is
obtained through a ’N* pocket” (in the case of
NPN), around the emitter area (see Fig. 5). This
N* diffusion, being unbiased, can’t be traversed
by the base current, that is therefore forced to
flow below the N * through a small section and, in
the case of a diffused base, encounters a higher
resistance on the way to the edge of the emitter.
In this way, it is possible to significantly improve
ls/b. '

It should be noted that the SOA limits are tem-
perature dependant and suitable derating must
be applied.

Al
—

/A

l/‘/\l\/V/EMITTER\V\/\/"\‘

BA

SE

COLLECTOR

S-8077

287



For low Vcg values, M is an insignificant factor,
being very close to 1. M increases when VcEg is
increased according to the following expression:

M = 1 L (2)

1-(Vce/BVceo) "

From expression (1) and (2) it is evident that
hrFge depends on VcEg, becoming infinite when
M x ag =1 (BVcEeo).

The negative slope section, which is a feature of
the curves with Ig < 0 is due to the fact that afp
decreases at low values of the emitter current.

During turn off with an inductive load, the tran-
sistor has to operate with negative base current and
a high value of Ic. It has often to reach a working
area above VcgQ, remaining there all the time
required for the inductance to be discharged (see
Fig. 7). Fig. 8 shows the behaviours of Ic, VcE,
Ig and the power dissipated by the transistor
during turn off.

The area of the dissipated power corresponds to
the energy stored by the inductance 1/2 x L x 2,
which is discharged into the transistor and this is
called second breakdown energy (Es/b).

Similarly to lgs, the voltage drop due to the
reverse 1g flowing through the side resistance rbb’
makes the centre of the emitter strip more biased
than its periphery (Fig. 9). In this way, a current
concentration occurs at the emitter centre.

Fig. 9

S-8083

Let’s analyse the case of an NPN transistor with
diffused base and epitaxial collector, i.e. with
constant concentration ND of donors doping
particles.

Poisson’s equation is recalled below:

oE 3V plx)

o=y — (3)
aX axX €

The X axis is normal to the silicon dice surface, p (x)
is the charge per unit volume, e is the dielectric
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constant of silicon. When the collector current is
limited to low values, expression (3) becomes (q
being the electron charge):

9E _ gNo

3% = (4)

and the electric field behaviour is similar to that
shown in figure 10 for Jc = J'1.

Fig. 10

CRITICAL FIELD
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BASE COLLECTOR N~ N*

SUBSTRATE

5-8084

The voltage VcB (= VcE) is that given by the area
of the E-X graph and is smaller than primary
breakdown voltage, due to the reaching of critical
field Ecy. In the presence of significant values of
current density Jc, the expression (4) is modified
due to the n concentration of electrons flowing at
the speed V through the depletion layer.

9E _ a(ND-n)
X €

Jc

where n = —— (5)

At constant Vcg, the area limited by E has to
remain constant. When Jc increases, the E-X slope
varies (J'2) until its sign is changed (J’'3) and Ecr
is reached (J'cy). At this point avalanche multi-
plication occurs locally of electron - hole pairs
with an uncontrolled current increase and so
a strip is formed with a very high temperature that
gives rise to either crystal damage or silicon melting.
Possible crystal defects, metal ions, junction
disuniformities just further exagerate this phenom-
enon. The avalanche multiplication is a very fast
and very localized process, therefore the device
remains externally cold. The Es/p behaviour isn't
practically influenced by the die bonding quality.
High Es/p values can be obtained with a proper
design of geometry, to limit the current crowding
and, most of all, by inserting a second epitaxial
layer N of intermediate doping between the col-
lector and the substrate.

The intermediate layer creates the condition shown
in Fig. 11, When the current density increases
(J'2) the electric field at the interface N7/N is in-



SGS HIGH VOLTAGE FAST RECOVERY DIODES
AND THEIR SWITCHING PERFORMANCE

INTRODUCTION

SGS decided to introduce its line of power
switching modules in the TO-240 TRANSPACK
package.

To solve the problem of providing fast recovery
rectifiers capable of matching the high voltage/
high current of the transistor chips in the TO-240
package, SGS was able to exploit its technological
leadership in power semiconductors. The rectifiers
were fabricated by epitaxial growth with high
voltage termination structures.

SGS was the first in the industry to introduce
epitaxial growth for all its power transistors.
Its epitaxy capability, fully in house, makes use
of the fastest epitaxy reactors in the industry.

This note describes the switching behaviour of the
fast recovery rectifiers used in SGS TRANSPACK
power transistor modules and the SGS35R120
series of diodes.

The turn-off and turn-on behaviour is described
and the characterization is oriented to the con-
ditions of practical use.

The TRANSPACK product range and
the internal diodes

This report deals with the first three diode chips
developed, table 1 gives their main characteristics.

TABLE 1
Type Ig (A) VRRMm (V)
SGS35R80 35 800
SGS35R120 35 1200
SGS60R40 60 400

The second table below shows the TRANSPACK
product range and the relevant fast recovery
rectifier used in each device.

TABLE 2
Type Quart | Trans |VceQ |VCEX | Ic(sat) | Vo at| toff (us) | Diode
C/E diode =D | /Half | /Darl (V) (V) (A) sat I | typ. induct. | type
SGS80DA020D Q D 200 300 80 20 1 1.9 SGS60R40
SGS40TA045 Q T 450 850 40 20 8 2.2 none
SGS40TA045D Q T 450 850 40 20 8 2.2 SGS35R120
SGS50DA045D Q D 450 850 50 25 2 2.0 SGS35R120
SGS25DB070D H D 700 | 1000 25 30 25 2.4 SGS35R120
SGS25DB080D H D 800 1200 25 30 25 24 SGS45R80
SGS30DB040D H D 400 500 30 30 2 2.0 SGS45R80
SGS30DB045D H D 450 600 30 30 2 2.0 SGS45R80
SGS30DA060D Q D 600 1000 30 25 15 3.0 SGS35R120
SGS30DA070D Q D 700 | 1200 30 25 15 3.0 SGS35R120
SGS50DB040D H D 400 500 50 35 5.0 3.0 SGS45R80
SGS50DB045D H D 450 600 50 30 50 3.0 SGS45R80
SGS15DB070D H D 700 1000 15 30 15 25 SGS35R120
SGS15DB080D H D 800 1200 15 30 15 25 SGS35R120
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Ty definition

Figures 3 shows two possible definitions for the
recovery time, ta and tg. In practice ty, is defined
as tg in the figure.

Fig. 3 - tyy measurement methods

In cases like that shown in Fig. 2, it is important
to consider that only tp is representative of the
duration of the power pulse that the recovery
of the diode induces in the transistor.

'B=f".
s

ta

IRM

SU-1076

Ty characterization

Photographs 1 and 2 show how different test
conditions (I and di/dt) imply markedly different
results for t,,, for the same diode.

The blocking voltage VRm can be dlsregarded as
its influence on t,, is not direct. di/dt is the sig-
nificant factor and V gy is of importance only to
the extent where it modifies di/dt.

Photographs 3 to 5 show the behaviour of the SGS
fast recovery rectifier diodes in conditions re-
presenting the real environment in which the
devices are expected to work. For instance, tp for
SGS45R80 at 40A is 150ns. In a circuit like the
one in figure 4, with 40A current in the inductor,
the power pulse that the transistor must sustain
(I peak x Vi) will last for 150ns.

The capacity that SGS transistors have to safely
absorb this energy is guaranteed in their FBSOA
diagram,

di/dt at 1A for

Photo 1 - Recovery times vs.
SGS35R120

Ig=1A; A :di/dt=100A/us;
B : di/dt = 50A/us; C :di/dt = 25A/us;
VR=30V; t =20ns/div; y = 1A/div

25%
VRM

k./:___—_—.'__—:

di/dt at 40A for

Photo 2 ~ Recovery times vs,
SGS35R120

le = 40A; A :di/dt=250A/us;
B : di/dt = 100A/us; V g = 30V
t = 200ns/div; y = 10A/div

Photo 3 ~ ty, for SGS45R80

I = 40A; di/dt = 100us; Vg =30V;
t = 200ns/div; y = 20A/div
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Fig. 5 - Typical configurations for transistors switching

+V

a)

VEp and tgr definition )

The turn-on phase of a diode in a practical situa-
tion is shown in Fig. 6.

Vep is defined as the peak transient voltage.

For the same current, the turn-on overvoltage is
higher for diodes that can withstand a higher
reverse voltage. This can be seen in Fig. 7.

This is mainly related to the thicker epitaxial
layer needed to implement a higher reverse voltage
rating.

At the turn-on of a diode, a thicker epitaxial
layer causes a higher resistance, before the con-
ductivity modulation by the minority carriers
takes place.

Fig. 6 - Turn-on transient of the diode
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Fig. 7 - Direct overvoltage vs. di/dt
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Trr Characterization

In Fig. 8, the turn-on times, t¢, for the SGS
fast recovery rectifiers SGS45R80, SGS35R120
and SGS60R40 are shown as a function of di/dt.

ts, is defined as the time from the instant Vg
bec\?mes positive till the time Vgp decreases to
+2V,

VEgp Characterization

Figs. 9 to 11 characterize Vgp in all possible
di/dt conditions of practical use for the diodes
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Fig. 11 - Direct overvoltage vs. di/dt
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Fig. 12a - Final stage of power amplifier
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Fig. 12b -Bridge configuration for motor driving
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Fig. 12c - Voltage and current waveforms with
reference to Fig. 12b
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If Q5 is a darlington, this negative voltage may be
enough to reverse bias (through the integrated
resistances of the darlington) the final transistor
and make it conduct a reverse current ly.

The current |y may be a significant proportion of
the current that is expected to flow only through
D,, and it can store a significant charge Q, in the
final darlington transistor,

The final darlington transistor base collector
junction acts as a slow recovery diode.

As a result, when Qj is again turned on, it senses
the behaviour of an ‘equivalent Dy’ with a much
longer reverse recovery time. The peak current is
higher than expected, creating reliability hazards or
possibly the destruction of Q.

SGS produces safe operating area diagrams
(FBSOA) which specify the maximum V¢/le
boundary for each device in the range so the
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HANDLING AND MOUNTING ICs
IN PLASTIC POWER PACKAGES

Integrated circuits mounted in plastic power packages can be damaged, or reliability compro-
mised, by inappropriate handling and mounting techniques. Avoiding these problems is
simple if you follow the suggestions in this section.

Advances in power package design have made it
possible to replace metal packages with more econ-
omical plastic packages in many high power appli-
cations. Most of SGS’ power driver circuits, for
example, are mounted in the innovative MULTI-
WATT® package, developed originally for high
power audio amplifiers. Though the intrinsic re-
liability of these packages is now excellent the use
of inappropriate techniques or unsuitable tools
during mechanical handling can affect the long
term reliability of the device, or even damage it.
With a few simple precautions, careful designers
and production engineers can eliminate these risks,
saving both time and money.

BENDING AND CUTTING LEADS

The first danger area is bending and cutting the

leads. In these processes it is important to avoid
straining the package and particularly the area
where the leads enter the encapsulating resin. If the
package/lead interface is strained the resistance to
humidity and thermal stress are compromised,
affecting reliability.

There are five basic rules to bear in mind:

e Clamp the leads firmly between the package
and the bend/cut point (figure 1).

e Bend the leads at least 3 mm from the package
(figure 2a).

e Never bend the leads more than 90° and never
bend more than once (figure 2b).

o Never bend the leads laterally (figure 2c).

e Make sure that the bending/cutting tool does
not damage the leads.

Fig. 1 - Clamp the leads between the package and bend/cut point.
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Fig. 2 - Bend the leads at least 3 mm. from the package, never bend leads more than 90° and never

attempt to splay the leads out.
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Fig. 5 - MULTIWATT, PENTAWATT and VERSA-
WATT packages are attached to the heat-
sink with a single screw or a spring clip.

5-3713/1

5-371250

Fig. 6 - Contact thermal resistance depends on
tightening torque.
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heatsink must be better than 50um for PENTAWATT
and VERSAWATT packages and less than 40um
for MULTIWATT packages.

Fig. 7 - The heatsink tab may be deformed if a
washer or a wide-headed screw is not
used.

heat-sink heat - sink
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?J E |
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Similar problems may arise if the screwhead is too
narrow compared to the hole in the heatsink
(figure 7).

The solution here is to use a washer to distribute
the pressure over a wider area. An alternative is to
use screws of the type shown in figure 8 which
have a wide flat head. When self-tapping screws
are used it is also important to provide an outlet
for the material deformed as the thread is formed.
Poor contact will result if this is not done.Another
possible hazard arises when the hole in the heatsink
is formed with a punch: a circular depression may
be formed around the hole, leading to deformation
of the tab. This may be cured by using a washer
or by modifying the punch.

Fig. 8 - The recommended screw type looks like
this.

Serious reliability problems can be encountered if
the heatsink and plrinted circuit board are not
rigidly connected. Either the heatsink must be
rigidly attached to the printed circuit board or
both must be securely attached to the chassis. If
this is not done the stresses and strains induced by
vibration will be applied to the device and in parti-
cular to the lead/resin interface. This problem is
more likely to arise when large boards and large
heatsinks are used or whenever the equipment is
subjected to heavy vibrations.
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DEVELOPMENTS IN SURFACE MOUNTING PACKAGES
FOR POWER INTEGRATED CIRCUITS

Thermal d/'ss/pat/'oh is recognized as a major problem in Surface Mount Technology. New
packages are needed, having good thermal characteristics and meeting the SMT requirements:
reduced size, automatic placement, compatibility with the SMT soldering systems.

In this paper, thermal data and measurement methods for the most popular SO and PLCC
packages are reviewed, some new solutions for surface mountable medium power (up to 2W)
and high power (more than 2W) devices are presented.

INTRODUCTION

A number of problems have been met in intro-
ducing the high density, high reliability mass
production of SM systems. This can explain the
experimental work and the complex characteriza-
tion activity of both ICs suppliers and users.

As discussed elsewhere /1/, the four main areas of
such activity are: standardization, quality, re-
liability after soldering on PC boards and power
dissipation.

Fast progress has been made and more confidence
in the SM technology has been achieved in the
first three areas. For example, it was demonstrated
that the most common conditions used in double
wave soldering and vapour phase reflow soldering
do not affect the final reliability of SO packaged
devices (Fig. 1).

On the contrary, referring to heat dissipation,
progress is less fast, even if this point can strongly
limit PERFORMANCE and COST of the system,
thus losing the two main advantages of the SM
technology, to a certain amount.

A development activity is needed, to cover the

following points:

1) study of the relationship between thermal
resistance of the package and board charac-
teristics (density, lay-out, dissipated power).
As it will be discussed later, this point cannot
be ignored, even at dissipation levels (0.5W
or less), typical of the ‘‘signal’’ packages like SO
and PLCC packages;

study of the thermal properties in pulsed
conditions, in order to avoid redundancy and
cost increase;

2

3

development of new power packages with re-
duced thermal resistance and heat transfer
features.

Moreover, a lack of standardized methodology
exists when the thermal parameters have to be
measured and compared.

In the present paper the above mentioned points
are considered. The characterization activity
running in SGS is presented, together with ex-
perimental data and details on development of
new power packages.
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Fig. 3 - Calibration curve for P432 sensing diode
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The test pattern design ensures that the diode is
positioned on the temperature plateau generated
when the two transistors are biased in parallel; it

Fig. 4 ~ Measurement circuit with P432

UNMOUNTED (FLOATING) SAMPLES

In order to simulate the thermal behaviour of the
package in the worst condition (as in a high density,
double sided card), samples are connected to 8
thin wires, needed for biasing the two transistors
and the sensing diode. Measurement is performed
on such devices, suspended horizonthally in a
one cubic foot plastic box, to prevent draft.

SAMPLES SOLDERED ON TEST SUB-
STRATES

In order to characterize the thermal properties of
parts mounted on a substrate, samples are reflow
soldered on ceramic and epoxy glass substrates.

For the evaluation of SO packages, the size of the
plastic FR4 test board is fixed while the copper
pattern lay-out can be changed. Seven different

D. C.
SUPPLY
D.C. 1
SUPPLY ;'
- | g g

e
PULSE
GEN. |

\P432_ |

is than possible to know the transistor Tj, through
the junction temperature of the diode.

The evaluation die can be cut in different sizes,
in order to quantify the effect of the die area on
the thermal resistance.

MEASUREMENT TECHNIQUE

The measurement technique is simple /2/ and does
not need to switch the power element from the
dissipation condition to the sensing condition,
thus offering a better accuracy if short pulses
are considered. Indeed, the same resolution cannot
be achieved with other test patterns, in which the
sensing diode is missing (as single power transistors
or diode, ICs substrate diode, etc.).

The measurement circuit is shown in fig. 4. A DC
power supply or a pulse generator biases the
transistors in parallel; a fast voltmeter or a storage
oscilloscope records the diode Vy. Resolution
better than 50ns is obtained with this circuit.

b. C.
SUPPLY
FAST
DVM
: STORAGE
l- SCOPE
v
|
|
|
- S-9466

test boards are obtained from the basic configura-
tion of Fig. 5, as summarized in Tab. 1.

Table 1 — CHARACTERISTICS OF THE TEST
BOARDS FOR SO PACKAGE EVALUATION

Type (x ‘nges:':e;“s) Heatsink
SM PCB1 SGS 136 yes
1B 136 no
1A 21 no
1C 50 no
1D 71 no
1E 93 no
1F 102 no
- substrate: FR4
size: 00.9"x0.8"x0.056"
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Fig. 7 - Alloy 42 SO-8, 14, 16 R¢p on board
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Fig. 10 - Ry of on board SO-14 packages vs.
die area
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THERMAL RESISTANCE OF 68 LEADS
PLCC PACKAGE

Data concerning DC and pulsed conditions are
obtained for this package /3/, which has Jedec
outline and copper crame.

Fig. 11 - Ryy of “FLOATING” 68 lead PLCC
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Fig. 12 - Ryp of 68 lead PLCC mounted on board

Fig. 9 - Ry Of copper SO-14 vs. board trace area (Die pad area A = 300x300 sq. mils; B = 425x
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Fig. 16 - Medium power SO-20 frame
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Fig. 17 - Medium power 33+11 lead PLCC frame

S~ 9469
Rthj-amb 55°C/W
Rihj-sub 12°C/W
Max. die size 195x 195 mils

Fig. 18 - Typical application (2W) of PLCC+ 11 with external heatsink integrated are the printed board

5-9470

Additionally, the frame can be modified to in-
corporate dissipating ‘fins’ within the plastic body
for a further reduction of the junction-to-ambient
thermal resistance. In PLCC these fins are obtained
easily at the corner of the package by sacrificing
signal pins.

Due to availability of a high number of leads mils
in PLCC, the reduction of useful pins is not a
problem and junction to-ambient thermal re-
sistances can be obtained in the range of 30-

3

Heat sink
on board

40°C/W, for the dissipation of 1.5-2W without
any need of external heatsinks.

HIGH POWER SM PACKAGES

For IC's dissipating more than about 2W a dif-
ferent approach is needed.

One obvious solution is simply to form the leads
of standard power packages so that they can be

09
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PRELIMINARY DATA

QUAD HIGH SPEED DIFFERENTIAL LINE DRIVER

OUTPUT SKEW -2.0ns TYPICAL
INPUT TO OUTPUT DELAY -12ns
OPERATION FROM SINGLE +5V SUPPLY

OUTPUTS WON'T LOAD LINE WHEN
VCC =0

OUTPUT SHORT-CIRCUIT PROTECTION
COMPLEMENTARY OUTPUTS

® MEETS THE REQUIREMENTS OF EIA
STANDARD RS-422

® HIGH OUTPUT DRIVE CAPABILITY FOR
1002 TERMINATED TRANSMISSION
LINES

The AM26LS31 is a quad differential line driver,
designed for digital data transmission over bal-
anced lines. The AM26LS31 meets all the re-
quirements of EIA standard RS-422 and federal

The circuit provides an enable and disable func-
tion common to all four drivers. The AM26LS31
features 3-state outputs and logical OR-ed comp-
lementary enable inputs. The inputs are all LS
compatible and are all one unit load.

DIP-16 Plastic (0.25)
and Ceramic

standard 1020. It is designed to provide unipolar S0-16J
differential drive to twisted-pair or parallel-

wire transmission lines.

ABSOLUTE MAXIMUM RATINGS

Vs Supply voltage 7 \%
V, Input voltage 7 \Y
Vo Output voltage 5.5 \
Tetg Storage temperature range -65 to 150 °c

Fig. 1 - Typical Application

ENABLE

-

TWO WIRE BALANCED SYSTEM RS422
| |

DATA Zo —»

7
° - OUTPUT

X \ﬁ 114AM26LS32
! M DATA

|
V4 AM26LS31 3
'

5-9165
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THERMAL DATA DIP-16 | DIP-16
; h $0-16

Ceramic Plastic
Rinj-amp  Thermal resistance junction-ambient max. | 150°C/W | 200°C/W | 165°C/W

ELECTRICAL CHARACTERISTICS (The following conditions apply unless otherwise specified:
Tymp = -55°C 10 125°C, Ve =5V + 10%; Tymp = 0 to +70°C, Ve = 5V * 5%)

Parameter Test Conditions Min. Typ. Max. | Unit
(Note 1)
Vor  Output HIGH Voltage Vee= Min,, Igy=-20mA 2.5 3.2 \Y
VoL  Output LOW Voltage Vee= Min., lgpL=20mA 0.32 0.5 \
ViH Input HIGH Voltage Vee= Min. 2.0 \
ViL Input LOW Voltage V= Max. 0.8 \
he Input LOW Current Vee= Max., Vin=0.4V -0.20 | -0.36 | mA
hH Input HIGH Current Vee= Max., Vin=2.7V 0.5 20 KA
I Input Reverse Current Vee= Max,, V)n=7.0V 0.001 0.1 mA
o Qs i impssance |y os [ w0 |
Vo= 0.5V 05 -20
Vi Input Clamp Volitage Vee= Min,, )= 18mA -08 | -156 \
Isc Output Short Circuit Current | Vo= Max. -30 -60 | -150 | mA
lce Power Supply Current Vee= Max., all outputs disabled 60 80 mA
tpLH  Input to Output Vee= 5.0V, Tamp=25°C, Load=Note 2 12 20 ns
tpyL  Input to Output Vee= 5.0V, Tamp=25°C, Load=Note 2 12 20 ns
SKEW Output to Output Vee=5.0V, Tamp=25°C, Load=Note 2 2.0 6.0 ns
1Lz Enable to Output Vee=5.0V, Tamp=25°C, C = 10pF 23 35 ns
tyyz  Enable to Output Vee=5.0V, Tamp=25°C, C = 10pF 17 30 ns
tzL Enable to Output Vee=5.0V, Taymp=25°C, Load=Note 2 35 45 ns
tzH Enable to Output Vec=5.0V, Tamp=25°C, Load=Note 2 30 40 ns
Notes: 1. A typical values are Ve = 5.0V, Tymp = 25°C

2. CL" 30pF, VIN =1.3Vto VOUT =13V, VPULSE =0V to +3.0V, See Below.
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PRELIMINARY DATA

RS422 AND RS423 QUAD DIFFERENTIAL

LINE RECEIVERS

® THE AM26LS32 MEETS ALL THE REQUI-
REMENTS OF RS-422 AND RS-423

6K MINIMUM INPUT IMPEDANCE

30mV INPUT HYSTERESIS

OPERATION FROM SINGLE +5V SUPPLY

FAIL SAFE INPUT-OUTPUT RELATION-
SHIP. OUTPUT ALWAYS HIGH WHEN
INPUTS ARE OPEN

® THREE-STATE DRIVE, WITH CHOICE OF
COMPLEMENTARY OUTPUT ENABLES,
FOR RECEIVING DIRECTLY ONTO A
DATA BUS

® PROPAGATION DELAY 17ns TYPICAL

The AM26L.S32 is quad line receiver designed to
meet the requirements of RS-422 and RS-423,

The AM26LS33 features an input sensitivity of
500mV over the input voltage range of * 15V.

The AM26LS33 provide an enable and disable
function common to all four receivers. Both
parts feature 3-state outputs with 8mA sink
capability and incorporate a fail safe input-
output relationship which keeps the outputs
high when the inputs are open.

DIP-16 Plastic (0.25)
and Ceramic

and Federal Standards 1020 and 1030 for bal- S0-16J

anced and unbalanced digital data transmission.

The AM26LS32 features an input sensitivity

of 200mV over the input voltage range of * 7V,

ABSOLUTE MAXIMUM RATINGS

V, Supply voltage 7 \%
CMR Common mode range +25 \Y
Vi Differential input voltage + 25 \
Ve Enable voltage 7 \%
los Output sink current 50 mA
Tatg Storage temperature range -65 to 150 °C

Fig. 1 - Typical Applications
Two wire balanced system, RS-422
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ELECTRICAL CHARACTERISTICS (The following conditions apply unless otherwise specified: Tymp = -55°C

10 126°C, Ve =5V  10%; Tamp = 010 70°C, Ve = 5V + 5%)

Parameter Test Conditions Min. | Typ. (1)] Max.| Unit
AM26LS32, -7V < Ve < +7V -0.2 | £0.06 | +0.2
VT Differential Input Voltage . | VoyuT= VoL orVor \%
AM26LS33, -16V < Ve < +16V -05] £0.12| +0.5
Rin Input Resistance -15V < Vepm < +15V (One input AC ground) 60| 938 KQ
Iin tnput Current (Under Test) | V=415V, Other Input -15V < Vy < +15V 23 | mA
hin Input Current (Under Test) | V| =-15V, Other input -16V < V < +15V -2.8| mA
Vee = Min, AV N = +1.0V com'L 27| 34
Vo Qutput HIGH Voltage \
VENABLE = 0.8V, lon = -440LA MiL 25 34
Vee = Min., AV = -1.0V loL = 4.0mA 0.4
VoL Output LOW Voltage \%
VeENnaBLE = 0.8V loL=8.0mA 0.45
ViL Enable LOW Voltage 08| Vv
Vin Enable HIGH Voltage 2.0
vV, Enable Clamp Voltage Ve = Min, )y = -18mA 15| V
Off-State (High Impedance) Vo =2.4V 20
o
lo Output Current Ve = Max. KA
Vo =0.4V -20
h Enable LOW Current VN = 0.4V -0.2 [-0.36| mA
[T} Enable HIGH Current VN =27V 0.5 20 | pA
L Enable Input High Current | VN =5.5V 1 100 | wA
Isc Output Short Circuit Curr. | Vo =0V, Vcc = Max., AV N = +1.0V -16 | -50 | -85 | mA
lcc Power Supply Current Ve = Max., All V) = GND, Output Disabled 52 70 | mA
VHysT Input Hysteresis Tamb = 25°C, Ve = 5.0V, Vem = 0V 30 mVv
tpLH Input to Output Tamp = 25°C, Ve = 5.0V, C|_= 15pF, see test cond. below 17 25 ns
tPHL Input to Output Tamb = 25°C, Vo = 5.0V, C_= 15pF, see test cond. below 17 25 ns
Lz Enable to Output Tamb = 25°C, Vee = 5.0V, C_ = 5pF, see test cond. below 20 30 ns
tHz Enable to Output Tamb = 25°C, Vcc = 5.0V, C_ = 5pF, see test cond. below 15 22 ns
tzL Enable to Output. Tamb = 25°C, V¢ = 5.0V, C_ = 15pF, see test cond. below 15 22 ns
tzH Enable to Output Tamb = 25°C, V¢ = 5.0V, C|_= 15pF, see test cond. below . 15 22 ns

(1) Al typical values are Ve = 5.0V, Tymp = 25°C
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PRELIMINARY DATA

12-BIT HIGH SPEED MULTIPLYING D/A CONVERTERS

The AM6012 is an industry standard monolithic 12-bit
digital-to analog converter. Complementary current
output and high speed multiplying capability make
the AM6012 useful in a wide range of applications
such as video displays, process control circuitry and
fast A/D converters. The 6012 is the first D/A to
achieve 12-bit differential linearity without the use of
thin film resistors or active trimming. The 6012’s uni-
que circuit design insures monotonicity without the
precision trimming associated with most other 12-bit
DAC architectures.

The AM6012 is packaged in a 20-pin plastic DIP and
is SO-20L for surface mounting. Although tested and
specified at + 15V, the AM6012 works well over a
wide range of power supply voltages. Performance
is essentially independent of supply voltage over the
range of +5 volts, —12 volts to +18 volts. The
AMB6012 series guarantees full 12-bit monotonicity for
all grades and differential nonlinearity as high as
0.012% (13 bits) for the A grades and 0.025% (12
bits) for the standard grades over the entire tempe-
rature range.

Guaranteed monotonicity and low cost make the
AM6012 an ideal choice for high volume applications
requiring fine local resolution. Typical applications in-
clude printer graphics and video displays. These ap-
plications need a minimum of 12 bits of resolution,

e ALL GRADES 12-BIT MONOTONIC OVER
TEMPERATURE

o DIFFERENTAL NONLINEARITY TO +0.012%
(13 BITS) MAX OVER TEMPERATURE
(A GRADES)

250ns TYPICAL SETTLING TIME

FULL SCALE CURRENT 4mA

HIGH SPEED MULTIPLYING CAPABILITY
TTL/CMOS/ECL/HTL COMPATIBLE

HIGH OUTPUT COMPLIANCE: -5V TO +10V
COMPLEMENTARY CURRENT OUTPUTS
LOW POWER CONSUMPTION: 230mW

b h > DIP-20 Plasti -
although conformance to an ideal straight line from : astic (X3P2) §0-20L
zero to full scale is less important.
MSB LSB
BLOCK DIAGRAM BL B2 B3 B4 BS B6 B7 BB B9 B10B11B12
4 —_
1 2 3 5| 6| 7|8|9af10[11]12{19 , fout
© Iout
SEGMENT
AMB012 DECODER
| L5
!
T L T T T T T
REFERENCE [ T T T T T
14  AMPLIFIER 'l HIVARR IR
AL LT LL
4 =] =} 4 4 J 4
2x
+ BIAS
= 0 +VS§
15 |- R R R R NETWORK
16 CODE SELECTED
R/2 |l R R[:] AU RL ALY R AL R 0111 1111 1441
COMP.
SEGMENT GENERATOR 17 13
46012-1 Py GND
VEE
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ELECTRICAL CHARACTERISTICS
These specifications apply for Vs = + 15V, VEg= — 15V, IRer=1.0mA, over the operating temperature ran-
ge unless otherwise specified

AMG6012A AM6012
Param. Description Test Conditions Min Typ. | Max. | Min. [ Typ. | Max. | Units
Resolution 12 12 12 12 12 12 Bits
Monotonicity 12 12 12 12 12 12 Bits
Differential - - +.012| - - +.025 | %FS
D.N.L. Nonlinearity Deviation from ideal step size
13 - - 12 — - Bits
N.L. Nonlinearity Deviation from ideal straight line - - +.05 - - +0.05| %FS
VReg = 10.000V
Irs Full Scale Current R14=R15=10.000kQ 3967 | 3999 | 4.031 | 3.935 | 3.999 | 4.063 | mA
Ta=25°C
- +5 +20 — +10 +40 | ppm°C
TClgg Full Scale Temp.Co.
- +.0005 | +.002 +.001 | £.004 | %FS°C
D.N.L. Specification guaranteed
Voc 8;;?";;{]2:399 over compliance range -5 - +10 -5 - +10 \'
s RouT>10 megohme typ.
Full Scale
'FSS Symmetry Irs-lgs - +0.2 +1.0 - +0.4 +2.0 »A
Izs Zero Scale Current - - 0.10 ~ - 0.10 pA
A To +1/2 LSB, all bits ON or
Is Setting Time OFF, Tp=25°C - 250 500 - 250 500 | nSec
teLn | Propagation 50% to 50% ~ | 3 | 50 | - | 25 | 80 | nSe
tPHL Delay - all bits
Cout Output Capacitance - 20 - - 20 - pF
Vi Logic | Logic “0" - - 0.8 - - 0.8
Input v
Vi Levels | Logic “1” 2.0 - - 2.0 - -
N Logic Input Current VijN=-5t0 +18V - - 40 - - 40 pA
Vis Logic Input Swing Vgg=-15V -5 - +18 -5 - +18 \
Reference Current
'REF Range 0.2 1.0 1.1 0.2 1.0 1.1 mA
l15 Reference Bias 0 -05 | -20 0 -05 | -20| pA
Current
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APPLICATION INFORMATION

FUNCTIONAL DESCRIPTION

The segmented design of the AM6012, shown in the
block diagram, insures that there are no significant
differential nonlinearities in the transfer characteri-
stic. The eight major carries of the most significant
bits are not subject to the gross differential nonlinea-
rities that can occasionally occur in an R-2R type
DAC. This advantage is due to the fundamentally dif-
ferent way that the current is handled in an AM6012.
In a conventional R-2R type DAC, when the input
code is increemented past a major carry, a current
representing the new code is substituted for the sum
of all the less significant bit currents that were pre-
viously on. To avoid any nonlinearities, the two to-
tal currents must be extremely well matched. In the
case of the MSB major carry in a 12-bit DAC, the
match must be better than one part in 2048 to main-
tain monotonicity. However, in the AM6012, a new
current is never substituted for the sum of several
smaller ones, but redirected through alternate chan-
nels and incremented one step at a time.

For example, consider the MSB carry in an AM6012.
In the initial state of 011111111111 as shown in the
block diagram, the switches in the segment genera-
tor are set in such a way that currents lg, I and I2
are steered directly into the noninverting output
louT. In addition, a portion of 13 is directed through
the 9-bit DAC that is controlled by the 9 least signi-
ficant bits into louT. With the 9LSBs set to ““I"’, all
of the I3 current is directed to louT except for the
1/512 that goes to ground through the right-most
transistor in the 9-bit DAC. After the input word is
changed to 100000000000, the segment decoder
switch for I3 will be all the way to the right, the
switch for I4 will be in the middle, and all the swit-
ches in the 9-bit DAC will be to the left. louT will
be composed of lg, 11, 12 and 13. None of 14 will be
directed into loyuT until a higher code is reached. In
other words, 13 is now steered directly to loyT in-
stead of being divided by a factor of 511/512 in the
9-bit DAC. Since no major current substitution oc-
curs, there is less chance of a large nonlinearity at
this transition than in a comparable R-2R DAC.

RELATIVE ACCURACY VS. DIFFERENTIAL NON-
LINEARITY

SGS defines relative accuracy as the maximum de-
viation of the actual, adjusted DAC output from the
ideal analog output (a straight line drawn between
the lowest code output voltage and the highest co-
de output voltage) for any bit combination. Relative

accuracy is often referred to as nonlinearity. The DAC
transfer function shown in Figure 1 has a bow that
results in a maximum relative accuracy error of 3LSB.
This must be distinguished from a differential linea-
rity error. Differential nonlinearity is the measure of
the variation in analog value, normalized to full sca-
le, associated with 'a ILSB change in digital input
code.

For example, for a 4mA full scale output, a change
of ILSB in digital input code should result in a 0.98uA
change in the analog output current
(ILSB =4mA x 1/4096 = 0.98xA). If in actual use,
however, a ILSB change in the input code results
ina change of only 0.24uA (1/4LSB) in output cur-
rent, the differential linearity error would be 0.74uA
or 3/4LSB.

The AM6012 has very good differential linearity in
spite of the porr relative accuracy. Conversely, the
DAC of Figure 1 has very good relative accuracy
but poor differential linearity. The anomaly in the
middle of the transfer function is the result of a po-
sitive differential linearity error followed by a ne-
gative differential linearity error greater than 1LSB.
A negative output step for an increase in digital in-
put code is referred to as nonmonotonic behavior.
In general, if a DAC has a differential linearity er-
ror specification greater than 1LSB, it may be non-
monotonic at one or more of the major carries. In
most case the worst differential linearity error will
occur at the MSB transition point.

As noted in the functional description, the 6012’s
unique design minimizes differential linearity errors
at the transition points of the 3MSBs. This results
in a tight specification on maximum differential non-
linearity over temperature. Differential linearity is
verified on all AM6012s with 100% final testing.
In many converter applications, uniform step size
(or minimum differential linearity error) is more im-
portant than conformance to an ideal straight fine.
Twelve-bit onverters are usually needed for high
resolution rather than high linearity as evidenced
by the fact that few transducers are more linear
than 0.1%. This is also true in video graphics, whe-
re the human eye has difficulty discerning nonli-
nearity of less than 5%. The AM6012 is especially
well suited for these applications since it has in-
herently low differential linearity error.
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APPLICATION INFORMATION (Continued)

Fastest operation can be octained by using short
leads, minimizing output capacitance and load resi-
stor values, and by adequate bypassing at the sup-
ply, reference, and V| ¢ terminals. Supplies do not
require large electrolytic bypass capacitors as the sup-
ply current drain is independent of input logic sta-
tes; 0.1uF capacitors at the supply pins provide full
transient protection.

REFERENCE AMPLIFIER SETUP

The AM6012 is a multiplying D/A converter in which
the output current is the product of a digital number
and the input reference current. The reference cur-
rent may be fixed or may vary from nearly zero to
+1.0mA. The full range output current is a linear
function of the reference current and is given by:

4095
IRF= —— x4 x (IReF) =3.999 IREF,
RF 2096 REF REF

where IREF=114

In positive reference applications, an external posi-
tive reference voltage forces current through R14 into
the VREF( +) terminal (pin 14) of the reference am-
plifier. Alternatively, a negative reference may be ap-
plied to VREF(—) at pin 15. Reference current flows
from ground through R14 into VReF(+) as in the
positive reference case. This negative reference
connection has the advantage of a very high im-
pedance presented at pin 15. The voltage at pin
14 is equal to and tracks the voltage at pin 15 due
to the high gain of the internal reference amplifier.
R15 (nominally equal to R14) is used to cancel bias
current errors. (Figure 3).

Bipolar references may be accommodated by off-
setting VRer or pin 15. The negative common-
mode range of the reference amplifier is given by:
Vem— =V - plus (IRer x 3kQ) plus 1.8V. The po-
sitive common-mode range is V + less 1.23V.
When a DC reference is used, a reference bypass
capacitor is recommended. A 5.0V TTL logic sup-
ply is not recommended as a reference. If a regu-
lated power supply is used as a reference, R14
should be split into two resistors with the junction
bypassed to ground with a 0.1uF capacitor.

For most applications the tight relationship between
IREF and Irs will eliminate the need for trimming
IRer. If required, full scale trimming may be ac-
complished by adjusting the value of R14, or by
using a potentiometer for R14.

MULTIPLYING OPERATION

The AMG6012 provides excellent multiplying perfor-
mance with an extremely linear relationship between
Irs and IRef over a range of TmA to 1xA. Monoto-
nic operation is maintained over a typical range of
IREF from 1004A to 1.0mA.

REFERENCE AMPLIFIER COMPENSATION FOR
MULTIPLYING APPLICATIONS

AC reference applications will require the reference
amplifier to be compensated using a capacitor from
pin 16 to V —. The value of this capacitor depends
on the impedance presented to pin 14. For R14 va-
lues of 1.0, 2.5 and 5 OkQ; minimum values of Cc
are 5, 12 and 25 pF. Larger values of R14 require
proportionately increased values of Cc for proper
phase margin (See Figure 4 and 5).

For fastest response to a pulse, low values of R14
enabling small Cc values should be used. If pin 14
is driven be a high impedance such as a transistor
current source, none of the above values will suf-
fice and the amplifier must be heavily compensa-
ted which will decrease overall compensated which
will decrease overall bandwidth and slew rate. For
R14=1kQ and Cc=5pF, the reference amplifier
slews at 4mA/ms enabling a transition from
IREF=0 to IREF= 1mA in 250ns.

Operation with pulse inputs to the reference am-
plifier may be accommodated by an alternate com-
pensation scheme. This technique provides lowest
full scale transition times. An internal clamp allows
quick recovery of the reference amplifier from a cu-
toff (IREF = 0) condition. Full scale transition (0 to
1mA) occurs in 62.5ns when the equivalent impe-
dance at pin 14 is 8002 and Cc =0. This yields a
reference slew rate of 8mA/us which is relatively
independent of RN and V|N values.
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Fig. 4 - Minimum size compensation capacitor

"|:3=4mA, IREF=1.0mA)

R14eq)(KQ) CclpF)
10 50
5 25
2 10
1 5
5 0

Note: A 0.01 uF capacitor is recommended for fixed reference operation.

Fig. 5 - Reference Amplifier Frequency response
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Fig. 6 - Interfacing Circuits
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Fig. 7 - Accomodating Bipolar Reference
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Fig. 9 - Basic Negative Reference Operation

Fig. 10 - Recommended Full-scale Adjustment/ Circuit
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Fig. 12 - 12-BIT High-Speed A/D Converter
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PRELIMINARY DATA

8-BIT D/A CONVERTERS

o RELATIVE ACCURACY: +0.19% ERROR MAXI-
MUM (DACO0808)

e FULL SCALE CURRENT MATCH: +1LSB TYP

e 7 AND 6-BIT ACCURACY AVAILABLE(DAC0807,
DAC0808)

e FAST SETTING TIME: 150 ns TYP

e NONINVERTING DIGITAL INPUTS ARE TTL
AND CMOS COMPATIBLE

o HIGH SPEED MULTIPLYING INPUT SLEW RA-
TE: 8 mA/ps

e POWER SUPPLY VOLTAGE RANGE: +4.5V to
+18V

e LOW POWER CONSUMPTION: 33 mW @ =5V

The DACO0808 series is an 8-bit monolithic digital-to-
analog converter (DAC) featuring a full scale output
current settling time of 150 ns while dissipating only

+0.19% assure 8-bit monotonicity and linearity while
zero level output current of less than 4 yA provides
8-bit zero accuracy for IREF=2 mA. The power sup-
ply currents of the DACO0808 series are independent
of bit codes, and exhibits essentially constant devi-
ce characteristics over the entire supply voltage
range.

The DACO0808 will interface directly with popular TTL,
or CMOS logic levels, and is a direct replacement for
the MC1508/MC1408.

33 mW with +5V supplies. No reference current . N
(IReF) trimming is required for most applications sin- Dlp'gfdpé?:;;§£'25) Al
ce the full scale output current is typically +1 LSB
of 255 IRerF/256. Relative accuracies of better than
BLOCK DIAGRAM
+VS Al A2 A4 A5 A6 A7 A8
ol o o O 0 0 0 O
13 5 |6 |7 |8 |9 |10 |11 |12
BIASl I 4
—0
cunnsm(’)(‘)é)é(‘)ééé vo
14 SWITCHES -4 beq b4 k-
+O
VREF Eﬂ‘*
16
L2
COMPO -VEEO DACOB06-1
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ELECTRICAL CHARACTERISTICS
(Vs=5V, VEe= —15V, VREF/R14=2 mA, TA=TMIN to TMAX and all digital inputs at high logic level
unless otherwise noted.)

Parameter Test Conditions Min. Typ. Max. Unit
E, Relative Accuracy (Error Relative | (Figure 10} %
to Full Scale lg)
DAC0808L +0.19 %
DACO0807LC/D1 (Note 1) +0.39 %
DACO0806LC/D1 (Note 1) +0.78 %
Settling Time to Within 1/2 LSB | To=25°C (Note 2) 150 ns
(Includes tp| 1) (Figure 11)
:g:{[‘ Propagation Delay Time Ta=25°C (Figure 11) 30 100 ns
TClg Output Full Scale Current Drift +20 ppm/°C
MSB Digital Input Logic Levels (Figure 9)
ViH High Level, Logic 1" 2 Vpc
ViL Low Level, Logic 0" 0.8 Vpe
MSB Digital Input Current (Figure 9)
High Level Vip=5V 0 0.040 mA
Low Level ViL=0.8V —0.003 -0.8 mA
l15 Reference Input Bias Current (Figure 3) -1 -3 A
Output Current Range (Figure 9)
Vgg= -5V 0 2.0 2.1 mA
Vgg= — 15V, Tp=25°C 0 2.0 4.2 mA
lo Output Current VRer =2.000V.
R14 = 10000
(Figure 9) 1.9 1.99 2.1 mA
Output Current, All Bits Low (Figure 9) 0 4 uA
Output Voltage Compliance E <0.19%, Tpo=25°C
Vgg= -5V —0.55,+0.4 \
Vgg Below — 10V -5.0 ,+0.4 \
SRIger  Reference Current Siew Rate (Figure 14) 4 8 mA/us
Output Current Power Supply —6V<Vgg= -16.5V 0.05 2.7 rA/NV
Sensitivity
Power Supply Current (All Bits Low) (Figure 9)
Is 2.3 22 A
Ieg -4.3 —13 m.
Power Supply Voltage Range TaA=25°C (Figure 9)
Vs 4.5 5.0 5.5 v
Ve -45| -15 —-16.5
Power Dissipation
All Bits Low Vg=5V.Vgg= -5V 33 170 mw
Vg=5V.Vgg= — 15V 106 305 mw
All Bits High Vg=15V.Vgg= -5V 90 mwW
Vg=15V.Vgg= — 15V 160 mw

Note 1: All current switches are tested to guarantee at least 50% of rated current.
Note 2: All bits switched.
Note 3: Range control is not required.
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Test Circuits

FIGURE 9. Notation Definitions

? +Vs
MsB g 13 4
At O ! = VREF
A2 0'7— 5 A The resistor tied to pin 15 is to temperature compen-
A3 O? DAC [z sate the bias current and may not be necessary for
Ad O_E. all applications.
A5 OE 0808 4 lo=K A1+A_2+A;3+E+A5 A6 A7 A8
A6 O 2 4 8 16 32 o4 128 256
A7 O 16 RL
AB —01
LSB V
—VEE 3 c where K = VREF
DAC0808-3 R14
and AN= 1" if AN is at high level
An= "0" if AN is at low level
FIGURE 10. Relative Accuracy
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E
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At2 0 ERROA OUT
N (1v-1x)
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—O 0;;7; VREF (2V)
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O o] 2
O T 16
—Oo————0 _i
LSB 3
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FIGURE 14. Reference Current Slew Rate Measurement

-

[=]
o
@
o
@

IN
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3
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APPLICATION INFORMATION

CIRCUIT DESCRIPTION

The DACO0808 consists of a reference current ampli-
fier, an R-2R ladder, and eight high-speed current
switches. For many applications, only a reference re-
sistor and reference voltage need be added.

The switches are noninverting in operation, there-
fore a high state on the input turns on the specified
output current component. The switch uses current
steering for high speed, and a termination amplifier
consisting of an active load gain stage with unity gain
feedback. The termination amplifier holds the para-
sitic capacitance of the ladder at a constant voltage
during switching and provides a low impedance ter-
mination of equal voltage for all legs of the ladder.
The R-2R ladder divides the reference amplifier cur-
rent into binarily-related components, which are fed
to the switches. Nota that there is always a remain-
der current which is equal to the last significant bit.
This current is shunted to ground, and the maximum
output current is 255/256 of the reference amplifier
current, or 1.992 mA for a 2.0 mA reference ampli-
fier current if the NPN current source pair is perfec-
tly matched.

REFERENCE AMPLIFIER DRIVE AND COMPEN-
SATION

The reference amplifier provides a voltage at pin 14
for converting the reference voltage to a current, and
a turn-around circuit or current mirror for feeding the
ladder. The reference amplifier input current, l14,
must always flow into pin 14, regardless of the set-
up method or reference voltage polarity.

Connections for a positive voltage are shown in Fi-
gure 12. The reference voltage source supplies the
full current l14. For bipolar reference signals, as in
the multiplying mode, R15 can be tied to a negative
voltage corresponding to the minimum input level.
It is possible to eliminate R15 with only a small sa-
crifice in accuracy and temperature drift.

The compensation capacitor value must be increa-
sed with increases in R14 to maintain proper phase
margin; for R14 values of 1, 2.5 and 5 kQ, minimum
capacitor values are 15,37 and 75 pF. The capacitor
may be tied to either Vgg or ground, but using VEE
increases negative supply rejection.

A negative reference voltage may be used if R14 is
grounded and the reference voltage is applied to R15
as shown in Figure 13. A high input impedance is
the main advantage of this method. Compensation
involves a capacitor to VEE on pin 16, using the va-
lues of the previous paragraph. The negative refe-
rence voltage must be at least 3V above the VEE
supply. Bipolar input signals may be handled by con-
necting R14 to a positive reference voltage equal to
the peak positive input level at pin 15.

When a DC reference voltage is used, capacitive by
pass to ground is recommended. The 5V logic sup-
ply is not recommended as a reference voltage. If a
well regulated 5V supply which drives logic is to be
used as the reference, R14 should be decoupled by
connecting it to 5V through another resistor and by-
passing the junction of the 2 resistors with 0.1 uF to
ground. For reference voltages greater than 5V, a
clamp diode is recommended between pin 14 and
ground.

If pin 14 is driven by a high impedance such as a tran-
sistor current source, none of the above compensa-
tion methods apply and the amplifier must be heavily
compensated, decreasing the overall bandwidth.
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PROGRAMMABLE GAIN AMPLIFIER OR DIGI-
TAL ATTEPUATOR

When used in the multiplying mode can be applied
as a digital attenuator. See Figure 15. One advanta-
ge of this technique is that if Rs =50 ohms, no com-
pensation capacitor is needed. The small and large
signal band are now identical and are shown in Fi-
gure 8C.

The best frequency response is obtained by not al-
lowing [14 to reach zero. However, the high impe-
dance node, pin 16, is clamped to prevent saturation
and insure fast recovery when the current through
R14 goes to zero. Rs can be set fora +£1.0 mA va-
riation in relation to 114. 114 can never be negative.
The output current is always unipolar. The quiescent
dc output current level changes with the digital word
which makes accoupling necessary.

CURRENT TO VOLTAGE CONVERSION

Voltage output of a larger magnitude are obtainable
with the circuit of fig. 16 which uses an external ope-
rational amplifier as a current to voltage converter.
This configuration automatically keeps the output of
the DAC0808 ground potential and the operational
amplifier can generate a positive voltage limited on-
ly by its positive supply voltage. Frequency respon-
se and setting time are primarily determined by the
characteristics of the operational amplifier. In addi-
tion, the operational amplifier must be compensated
for unity gain, and in some cases over compensa-
tion may be desirable.

Note that this configuration results in a positive out-
put voltage only, the magnitude of which is depen-
dent on the digital input. The LM301 can be used
in a feedforwerd mode resulting in a full scale set-
ting time on the order of 2.0 us.

COMBINED OUTPUT AMPLIFIER AND VOLTA-
GE REFERENCE

For many of its applications the DACO0808 requires
a reference voltage and an operational amplifier. Nor-
mally the operational amplifier is used as a current
to voltage converter and its output need only go po-
sitive. With the popular LM723 voltage regulator both
of these functions are provided in a single package
with the added bonus of up to 150 mA output cur-

rent. See Figure 17. The reference voltage is deve-
loped with respect to the negative voltage and ap-
pears as a common-mode signal to the reference
amplifier in the D-to-A converter. This allows use of
its amplifier as a classic current-to-voltage conver-
ter with the non-inverting input grounded.

Since =15V and +5.0V are normally available in a
combination digital-to-analog system, only the —5.0
V need be developed. A resistor divider is sufficien-
tly accurate since the allowable range on pin 5 is from
—2.0 to —8.0 volts. The 5.0 kilohm pulldown resi-
stor on the amplifier output is necessary for fast ne-
gative transitions.

Full scale output may be increasing Ro and raising
the + 15V supply voltage to 35 V maximum. The re-
sistor divider should be altered to comply with the
maximum limit of 40 volts across the LM723 Co may
be decreased to maintain the same RoCo product
if maximum speed is desired.

PROGRAMMABLE POWER SUPPLY

The circuit of figure 17 can be used as a digitally pro-
grammed power supply by the addition of thumb-
wheel switches and a BCD-to-binary converter. The
output voltage can be scaled in several ways, inclu-
ding 0 to +25.5 volts in 0.1 — volt increments, +10
mV.

PANEL METER READOUT

The DACO0808 can be used to read out the status of
BCD or binary registers or counters a digital control
system. The current output can be used to drive di-
rectly an analog panel meter. External meter shunts
may be necessary if a meter of less than 20 mA full
scale is used. Full scale calibration can be done by
adjusting R14 or Vyef (see fig. 18).

CHARACTER GENERATOR

In a character generation system fig. 19 one DAC0808
circuit uses a fixed reference voltage and its digital
input defines the starting point for a stroke. The se-
cond converter circuit has a ramp input for the refe-
rence and its digital input defines the slope of the
stroke. Note that this approach does not result in a
16-bit D-to-A converter (see Accuracy Section).
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FIGURE 19. Digital summing and character generation
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FIGURE 20. Analog product of two digital words (High Speed Operation)
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FIGURE 21. Two-digit BCD conversion
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4A LINEAR DRIVER

HIGH OUTPUT CURRENT (4A PEAK)
HIGH CURRENT GAIN (10.000 TYP.)
OPERATION UP TO £ 20V
THERMAL PROTECTION

SHORT CIRCUIT PROTECTION
OPERATION WITHIN SOA

HIGH SLEW-RATE (30V/us)

The L149 is a general purpose power booster in

Pentawatt

ABSOLUTE MAXIMUM RATINGS

package consisting of a quasi-comp-

lementary darlington output stage with the as-
sociated biasing system and inhibit facility.

The device is particularly suited for use with an
operational amplifier inside a closed loop con-
figuration to increase output current.

Pentawatt®

ORDERING NUMBER: L149V

V, Supply voltage +20 v
V; Input voltage Vg
Vs -V, Upper power transistor Vg 40 \
V4 -V3  Lower power transistor Vg 40 \
lo DC output current 3 A
lg Peak output current (internally limited) 4 A
VINH Input inhibit voltage -V, +5 \
-Vs-1.5 \Y
Piot Power dissipation at T,,= 75°C 25 w
Tag, T; Storage and junction temperature -40 to 150 °C
TEST CIRCUIT
P+
T
IN 0. nF
o—4L T
L1se > ouTt
/ 3
1 oON 10
o—4
T
INHIBIT IO‘WF Io.wF
o—
O -vg 5-4019/1
3/85
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THERMAL DATA

Rin j-case  Thermal resistance junction-case L max 3 °c/wW
ELECTRICAL CHARACTERISTICS (T, = 25°C, V= # 16V)
Parameter Test conditions Min. Typ. Max, Unit
Vi - Supply voltage + 20 v
lg Quiescent drain current V=t 16V 30 mA
lin Input current V=116V V=0V 200 400 HA |
hegg DC current gain Vg=1 16V lo =3A 6000 10000 -
G, Voltage gain Vi=+18V  1g=15A 1 -~
VcEsat Saturation voltage lo =3A 3.5 Vv
(for each transistor)
Vos Input offset voltage Vg =+ 16V 03 Vv
ViNH Inhibit input voltage ON condition +03
(pins 1-3) Vv
OFF condition +1.8
RiNH Inhibit input resistance 2.0 K
SR Slew rate 30 V/us
B Power bandwidth Vo =+10V,d=1%, R =8a 200 KHz
APPLICATION INFORMATION
Fig. 1 - High slew-rate power operational amplifier (SR = 13V/us)
O *Vg
c1 -Lo.lpr
I 1N4001T &
3
i s
Ri| [100KQ L 11.>‘—
2 3
RS| (100 RL
Q1uF
100Kkq| |R2 N4001 K
O -vg
C2
$-393411
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3A POWER OPERATIONAL AMPLIFIER

® QUTPUT CURRENT UP TO 3A

® | ARGE COMMON-MODE AND DIFFER-
ENTIAL MODE RANGES

SOA PROTECTION
THERMAL PROTECTION
® + 18V SUPPLY

The L165 is a monolithic integrated circuit in
Pentawatt® package, intended for use as power
operational amplifier in a wide range of applica-
tions, including servo amplifiers and power sup-

ABSOLUTE MAXIMUM RATINGS

plies. The high gain and high output power ca-
pability provide superior performance wherever
an operational amplifier/ power booster combina-
tion is required.

Pentawatt®

ORDERING NUMBER: L165V

Vs Supply voltage
Vs -V, Upper power transistor Veg
V4 - V3 Lower power transistor Veg
-V, Input voltage
V; Differential input voltage
lo Peak output current (internally limited)
Piot Power dissipation at T, = 90°C
Tetg, Tj Storage and junction temperature

+18

36

36

v

+ 15

3.5

20

-40 to 150

OSr< <<<

o

APPLICATION CIRCUITS
Fig. 1 - Gain > 10

+Vg

o I !
N40OY
A

S-43u2

Fig. 2 - Unity gain configuration

10KQ

1KQ L 165 4
0.22uF
2|, —-—
Ry

S-4343
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ELECTRICAL CHARACTERISTICS (v, = + 15V, T; = 25°C unless otherwise specified)

Parameter Test conditions Min Typ. Max. Unit
V¢ Supply voltage +6 +18 \
la Quiescent drain current 40 60 mA
Iy Input bias current 0.2 1 uA
V=118V
Vos Input offset voltage +2 10 mV
los Input offset current +20 +200 nA
SR Slew-Rate G,=10 8
V/us
Gy=1 () 6
Vo Output voltage swing f=1kHz Ip = 0.3A 27 v
lp=3A 24 pPp
f=10kHz Ip = 0.3A 27 v
1o =3A 23 PP
R; Input resistance (pin 1) 100 500 K
f=1KHz
Gy Voltage gain (open loop) 80 dB
eN Input noise voltage 2 uVv
B =10 to 10 000 Hz
iN Input noise current 100 pA
CMR Common mode rejection Ry <10K® G,=30dB 70 dB
SVR Supply voltage rejection Rg=22 kQ Gy =10 60 dB
Vripple= 0.5 Vims
fripple= 100 Hz Gy =100 40 dB
n Efficiency f=1kHz|'p = 16A; Po = 70 %
= 0
RL=42 || “3a; Po= 60 %
Tsa Thermal shut-down case Piot= 12W 110 °C
temperature Piot= 6W 130

(°) Circuit of fig. 2
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Fig. 10 - Motor current control circuit with external power transistors (I motor - 3.5A)
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R9 0.470 SW R10
2 3 | 5
BD A02 y 1 BDS36 3
536 R6
100K
36K N 10KN == Rs = 2%

Vi =0..%8V —~ i

R3%¥ Rix 100K 0 2%

HR<1%
D1 to D4 : {VF<1.2V@I=4A
! trr < 500 ns

Note: The input voltage level is compatible with L291 (5-BIT D/A converter).

The transfer function is: _'M_ _

Vi

R4
Rx R3

Fig. 11 - High current tracking regulator

Fig. 12 - Bidirectional speed control of
DC motor (Compensation networks

not shown) sy
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Note — V, must be chosen in order to verify
2V;-V, <36V

B: for V; < + 18V
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ADJUSTABLE VOLTAGE AND CURRENT REGULATOR

® ADJUSTABLE OUTPUT CURRENT UP TO
2A (GUARANTEED UP TO T; = 150°C)

® ADJUSTABLE OUTPUT VOLTAGE DOWN
TO 2.85V

® INPUT OVERVOLTAGE PROTECTION (UP
TO 60V, 10ms)

® SHORT CIRCUIT PROTECTION

® QUTPUT TRANSISTOR S.0.A. PROTEC-
TION

® THERMAL OVERLOAD PROTECTION

® | OW BIAS CURRENT ON REGULATION
PIN

® |LOWSTANDBY CURRENT DRAIN

ABSOLUTE MAXIMUM RATINGS

The L200 is a monolithic integrated circuit for
voltage and current programmable regulation. It
is available in Pentawatt package or 4-lead
TO-3 metal case. Current limiting, power limiting,
thermal shutdown and input overvoltage protec-
tion (up to 60V) make the L200 virtually blow-
out proof. The L200 can be used to replace fixed
voltage regulators when high output voltage pre-
cision is required and eliminates the need to stock
a range of fixed voltage regulators.

TO-3 (4 lead)

Pentawatt ®

Vi DC input voltage
Vi Peak input voltage (10 ms)
AV, Dropout voltage
lo Output current
Piot Power dissipation
stg Storage temperature

op

Operating junction temperature for L200C
for L200

40 \
60 \
32 \

internally limited
internally limited
-55 to 150 °C
-25 to 150 °C
-55 to 150 °C

APPLICATION CIRCUITS

Fig. 1 - Programmable voltage regulator with
current limiting

V5-2
R3

Vo= Veet (n.;‘_f)

5 CH To(max)=

L 200

i 0.1 uF
- rR1 4 R2 MV,

8200 10k l

S- 26211 2

Fig. 2 - Programmable current regulator

I
=il

- 5-26251

— <
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SCHEMATIC DIAGRAM

5-2385

THERMAL DATA TO-3 Pentawatt ®
Rinh j-case Thermal resistance junction-case max 4°C/W 3°C/W
Rih j-amb  Thermal resistance junction-ambient max 35°C/W 50 °C/W
ELECTRICAL CHARACTERISTICS (T,,,= 25°C, unless otherwise specified)
Parameter Test conditions Min. Typ. Max. Unit
VOLTAGE REGULATION LOOP
lg Quiescent drain current (pin 3) | V; = 20V 4.2 9.2 mA
en Output noise voltage Vo= Vyes Io=10mA
B=1MHz 80 uv
Vo Output voltage range lo =10 mA 2.85 36 \Y
AV Voltage load regulation Alg= 2A 0.15 1 %
Vo (note 1) Alo= 1.5A 0.1 0.9 %
AV Line regulation Vo= 5V
Vo V=810 18V a8 60 dB
SVR Supply voltage rejection Vo= 5V lo=500 mA
AVi=10 Vg,
f =100 Hz (note 2) 48 60 dB
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Fig. 3 - Typical safe oper-
ating area protection

Fig. 4 - Quiescent current
vs. supply voltage

Fig. 5 - Quiescent current

vs. junction temperature
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APPLICATION CIRCUITS

Fig. 19 - Programmable voltage regulator Fig. 20 - P.C. board and components layout of fig. 19.
(1: 1 scale)

CS-0168
Fig. 21 - High current voltage regulator with Fig. 22 - Digitally selected regulator with
short circuit protection inhibit
5
4 L200 P =
3 &
Vi ==0.22uF| 0.1 uF == Vo

: Ilnhlblt

i -
820 L 10k
) inputs

5-253912 - S- 25431

Fig. 23 - Programmable voltage and current regulator

oVo

Vo=Vrefto 26V
I,=35mAto15A

v;ov {1 L1200

*P1:CURRENT REGULATION
P2 :VOLTAGE REGULATION

—— S-41257/2

Note: Connecting point A to a negative voltage (for example-3V/10 mA) it is possible to extend the output voltage
range down to OV and to obtain the current limiting down to this level (output short-circuit condition).
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APPLICATION CIRCUITS (continued)
Fig. 28 - 30W Motor speed control
S

1 2

Vi OT L200 ’
:ZZMFI . - R2 J-

R3
S-¢124

oY

Il
1

R2

S-390

s
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PRELIMINARY DATA

DUAL POWER OPERATIONAL AMPLIFIERS

ENTIAL MODE RANGE
® GROUND COMPATIBLE INPUTS
® | OWSATURATION VOLTAGE
® THERMAL SHUTDOWN

OUTPUT CURRENT TO 1A
OPERATES AT LOW VOLTAGES
SINGLE OR SPLIT SUPPLY
LARGE COMMON-MODE AND DIFFER-

The high gain and high output power capability
provide superior performance whatever an opera-
tional amplifier/power booster combination is

required.

The L272 and L272M are monolithic integrated Powerdip 8 + 8 Minidip Plastic
circuits in powerdip and minidip packages in-
tended for use as power operational amplifiers in ORDERING NUMBERS:
a wide range of applications including servo ampli- L272 L272M
fiers and power supplies, compact disc, VCR, etc.
ABSOLUTE MAXIMUM RATINGS
Vg Supply voltage 28 \
Vi Input voltage V,
Vv Differential input voltage TV,
lo DC output current 1 A
Ip Peak output current {non repetitive) 1.5 A
Piot Power dissipation at Tymp = 80°C (L272), T,mp = 50°C (L272Mm) 1 w
Tease = 75°C (L272) 5 w
Tog: T Storage and junction temperature -40 to 150 °C
BLOCK DIAGRAM
'VS oVs
I L
8 o—:l>7 e 8 O—:D'_O'
70— 7 00—
6 O— "6 O—]
s o—:D_ 02 s o——iD* O3
Toow T-
S -5906/ 5.5929
L272 L272M
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ELECTRICAL CHARACTERISTICS (V, =24V, T,,, = 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply voltage 4 28 \)
Ig Quiescent drain current Vs Vs = 24V 8 12 mA
Vg = >
Vg = 12V 75 1 mA
Ip Input bias current 0.3 25 MA
Vos Input offset voltage 15 60 mV
los Input offset current 50 250 mA
SR Slew rate 1 V/us
B Gain-bandwidth product 350 KHz
R Input resistance 500 KQ
Gy O.L. voltage gain f = 100Hz 60 70 dB
f = 1KHz 50 dB
en Input noise voltage B = 20KHz 10 In"
In Input noise current B = 20KHz 200 pPA
CRR Common Mode rejection f = 1KHz 60 75 dB
SVR Supply voltage rejection
f = 100Hz Vg = 24V 70 dB
Rg = 10KQ Vg = £12V 54 62 dB
VR = 0.5V Vg = t 6V 56 dB
Vo Output voltage swing
lp = 0.1A 23 \%
I, = 0.5A 21 225 \%
Cs Channel separation f=1KHz; R_=10%2; G, =30dB
Vg = 24V 60 dB
Vg = £ 6V 60 dB
d Distortion f = 1KHz Gy = 30dB 0.5 %
Vg = 24V R = o
Tsq Thermal shutdown 145 °c
junction temperature
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APPLICATION SUGGESTION

NOTE

In order to avoid possible instability occurring — A 100nF capacitor corrected between supply
into final stage the usual suggestions for the pins and ground;

linear power stages are useful, as for instance: — boucherot cell (0.1 to 0.2uF + 1§ series) bet-
— layout accuracy; ween outputs and ground or across the load.

Fig. 9 - Bidirectional DC motor control with uP compatible inputs

Vs; = logic supply voltage
Must be Vg, > Vg
E1, E2 = logic inputs

=
o}

$-593t1n

Fig. 10 - Servocontrol for compact-disc

1
E | FOCUSING
REFLECTED, INTEGRATED X
BEAM PHOTODIODES ) SIGNAL
LASER HANDLING E : TRACKING
1

'
1
5-9475/1 Lo—o—4

“1-°1
|

Fig. 11 - Compact-disc motor driver (1/2 section) e
o
HALL EFFECT m-————= 1
SENSOR | X
t ! MOTOR
Hi { 12
> |
| |
Lo - J

OFFSET
CORRECTION
S~ 947611 : +Vg
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TACHOMETER CONVERTER

The L290, a monolithic LSI circuit a 16-lead
dual in-line plastic package, is intended for use
with the L291 and L292 which together from a
complete 3-chip DC motor positioning system
for ‘applications such as carriage/daisy-wheel
position control in typewriters.

The L290/1/2 system can be directly controlled
by a microprocessor. The L290 integrates the
following functions:

— tacho voltage generator (F/V converter)

— reference voltage generator

— position pulse generator

ABSOLUTE MAXIMUM RATINGS

DIP-16 Plastic
(0.4)

ORDERING NUMBER: L290B

Vi Supply voltage +15 \
V, (FTA, FTB, FTF) Input signals +7 v
Piot Total power dissipation T,,,,= 70°C 1 w
Tsg. T;  Storage and junction temperature -40 to +150 °C
SYSTEM BLOCK DIAGRAM
MICROPROCESSOR

F-f--—4---

I

|

|

L292

|

|

|

|

I TACHO

b L290 CONV.

-

OPTO.
ENC. —_¢
$-4173
371 12/86



TEST CIRCUIT

-Vs  +Vs TACHO

+5V
5K
3x2.5K0
9 5 4
FTAO—] 16 14 —O STA
FIBO— 1 L2390 13 —OsT18
FTF O— 10 OSTF
3 11

-0

S—-414414

Vbias +1.8V Vbias-18V

THERMAL DATA

Rth j-amb Thermal resistance junction-ambient max 80 °C/W

ELECTRICAL CHARACTERISTICS (Refer to the test circuit,S in (A), Vs = 12V, T, = 25°C

unless otherwise specified)

Parameters Test conditions Min, Typ. Max. | Unit
Vg Supply voltage +10 +15 \"
lg Quiescent drain current Vg =+ 15V 13 20 mA

INPUT AMPLIFIERS (A; and A;)

FTA, FTB Input signal from encoder fmax= 20 KHz +0.4 +0.6 Vo
(pin 1, 16)

Vos Output offset voltage FTA=FTB =0V + 55 mV
(pin 2, 15)

Ip Input bias current (pin 1, 16) 0.15 kA

Gy Voltage gain f=10 KHz FTA=FTB=20.6V, 22 23 24 dB

Vo Output voltage swing FTA=FTB= £ 1V, 95 v
(pin 2, 15)
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WAVEFORMS (Neglecting threshold voltage level of the comparators)

CLOCKWISE ANTICLOCKWISE
DIRECTION DIRECTION
| f
| 1 VAA ™ VAR
]
- i N
~~ vAB VAB
cs1 cs
Y
e
cs2 cs2
—
| yMa N VMA
/ 3
’\! VMB ; vMB
' \/‘ csB csB
! |
CSA L csA
N | ’
TACHO : ) TACHO
H $-4156/2

SYSTEM DESCRIPTION : refer to the L292 data sheet
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L291

5 BIT - D/A CONVERTER AND POSITION AMPLIFIER

The L291, a monolithic LSI circuit in a 16-lead
dual in-line plastic package, is intended for use
with the L290 and L292 to form a complete
3 chip DC motor positioning system for applica-
tions such as carriage/daisy-wheel position
control in typewriters.

The L290/291/292 system can be directly con-
trolled by a microprocessor.

The L291 integrates the following functions:

— 5 bit D/A converter (% LSB max linearity
error);
— error amplifier; ORDERING NUMBER: L291B

— position amplifier.

DIP-16 Plastic
(0.4)

ABSOLUTE MAXIMUM RATINGS

Vs Supply voltage +15
Piot Total power dissipation T = 70°C 1
Tstgr Tj Storage and junction temperature -40 to 150 °

0=E<

SYSTEM BLOCK DIAGRAM

MICROPROCESSOR

L292

$-4173
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TEST CIRCUIT

-é’ﬁs *(‘és s%m DAC/IN
10 1% 7 9
saro=28
sc20—3
SC30— ¢ L291
SCeO—5
SC50—==16 13f—
MSB| " g 12 1 15 16
K 1
SlrobeO———l SKa 0K 4
500 | ko
!
St S2

Lol bl
S-4158n £100mV t 2.4V

THERMAL DATA

Rith j-amb Thermal resistance junction-ambient

80

°C/W

ELECTRICAL CHARACTERISTICS (Refer to the circuit, S1

Tamp= 25°C, unless otherwise specified)

and S2 in (a), Vg = £ 12V,

Parameters Test conditions Min. Typ. Max. Unit
Vg Supply voltage +10 +15 \%
lq Quiescent drain current 6.5 10 mA
POSITION AMPLIFIER
Vstrobe Enable voltage level Vi (Sin (a)) * 0 0.8 v
Vy (Sin (b)) * 24 +V Y;
Vos Output offset voltage (pin 16) Vstrobe= V: Gy=20dB + 50 mV
Iy Input bias current (pin 15) Vetrobe= VL 03 | uA
Vo Output voltage swing (pin 16) Vstrobe=VL: S2 in(b); Vg=+10.8V +9 \
VR Residual output voltage (pin 16) | Vgtrope= VH +20 | mV

* See block diagram and the note for Position Amplifier. 379




D/A Converter
The L291 contains a 5-bit D/A converter accepting a binary code and generating a bipolar output
current, the polarity of which depends on the SIGN input. The amplitude of the output current is a
multiple of a reference current I,¢;.
The maximum output current is
31

lgg = —16_ lret
The following table shows the value of I, for different input codes. Note that the input bits are active
low.

DIGITAL INPUT WORD Output Current
SC5 sc1 lo
SIGN MSB Sc4 SC3 SCc2 LSB
31
L L L L L L — |
16 ref
1
L H H H H L — g fret
X H H H H H (6]
H H H H H L + :—Glref
31 X = indifferent
H L L L L L + Ty lref L = low
H = high

This D/A converter has a maximum linearity error equal to + 1/2 LSB (or = 1.61% Full Scale); that gua-
rantees its monotonicity.

Error Amplifier

In order to have a good stability, the Error Amplifier must work with a closed loop gain greater or equal
than 20 dB.

Position Amplifier

It is inserted by means of the strobe signal, TTL and microprocessor compatible. Its output is connected
to pin 16 when Vg, .= Low; pin 16 is grounded for V.= High.

SYSTEM DESCRIPTION: refer to the L292 data sheet.
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SWITCH-MODE DRIVER FOR DC MOTORS

The L292 is a monolithic LSI circuit in 15-lead
Multiwatt® package. It is intended for use,
together with L290 and L291, as a complete
3-chip motor positioning system for applications
such as carriage/daisy-wheel position control in
typewrites.

The L290/1/2 system can be directly controlled
by a microprocessor. The outstanding charac-
teristics of the L292 are:

— Driving capability: 2A, 36V, 30KHz
— 2 Logic chip enable
— External loop gain adjustment

ABSOLUTE MAXIMUM RATINGS

— Single power supply (18 to 36V)
— Input signal symmetric to ground
— Thermal protection

Multiwatt 15

ORDERING NUMBER: L292

Vs Power supply 36 Y
\2 Input voltage -15 to +V; \
Vinhibii Inhibit Voltage 0 to VS \%
lo Output current 2.5 A
Piot Total power dissipation (T e,e = 75°C) 25 w
Tstg Storage and junction temperature -40 to +150 °c
BLOCK DIAGRAM AND TEST CIRCUIT
S$100 5100
: EY ¥
i _ RV
' 50[SmH
| ! 330
) VRe.8Y J7 > i (( _f;]_w
i +—1 OSCiLL. | 15" T
" X
I
P n___ A1 A
15K0 1.5nF 5-4168
I .5n| -4168/ 3
D1:D2- D3 D4= High speed diodes { Xff;o-g‘:‘s@ I=2A
383 12/86



SYSTEM DESCRIPTION
The L290, L291 and L292 are intended to be used as a 3-chip microprocessor controlled positioning

system. These devices may be used separately - particularly the L292 motor driver - but since they will
usually be used together, a description of a typical L290/1/2 system follows.

Fig. 1 - System block diagram

MICROPROCESSOR

L292

TACHO
CONv.

5-4173

The system operates in two modes to achieve high-speed, high-accuracy positioning.

Speed commands for the system originate in the microprocessor. It is continuously updated on the
motor position by means of pulses from the L290 tachometer chip, which in turn gets its information
from the optical encoder. From this basic input, the microprocessor computes a 5-bit control word
that sets the system speed dependent on the distance to travel.

When the motor is stopped and the microprocessor orders it to a new position, the system operates
initially in an open-loop configuration as there is no feedback from the tachometer generator. Therefore
maximum current is fed to the motor. As maximum speed is reached, the tachometer chip output backs
off the processor signal thus reducing accelerating torque.

The motor continues to run at top speed but under closed-loop control.

As the target position is approached, the microprocessor lowers the value of the speed-demand word;
this reduces the voltage at the main summing point, in effect braking the motor. The braking is applied
progressively until the motor is running at minimum speed.

At that time, the microprocessor orders a switch to the position mode, (strobe signal at pin 8 of L291)
and within 3 to 4 ms the L292 drives the motor to a null position, where it is held by electronic
""detenting’’.
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SYSTEM DESCRIPTION (continued)

The ERRV signal (from pin 1, L291) is fed to pin 6 of the final chip, the L292 H-bridge motor-driver.
This input signal is bidirectional so it must be converted to a positive signal because the L292 uses a
single supply voltage. This is accomplished by the first stage - the level shifter, which uses an internally
generated 8V reference.

This same reference voltage supplies the triangle wave oscillator whose frequency is fixed by the external
RC network (Ryq, C17 - pins 11 and 10) where:

fose = TRE (with R >8.2 Ka)

The oscillator determines the switching frequency of the output stage and should be in the range 1 to 30
KHz.

Motor current is regulated by an internal loop in the L292 which is performed by the resistors Ry g, Ryg
and the differential current sense amplifier, the output of which is filtered by an external RC network
and fed back to the error amplifier.

The choice of the external components in these RC network (pins 5, 7, 9) is determined by the motor
type and the bandwidth requirements. The values shown in the diagram are for a 50, 5 mH motor.
(See L292 Transfer Function Calculation in Application Information).

The error signal obtained by the addition of the input and the current feedback signals (pin 7) is used
to pulse width modulate the oscillator signal by means of the comparator. The pulse width modulated
signal controls the duty cycle of the H-bridge to give an output current corresponding to the L292
input signal.

The interval between one side of the bridge switching off and the other switching on, 7 , is programmed
by C;7 in conjunction with an internal resistor R;.

This can be found from:
7= R; * Cpin 10- (Cy7 in the diagram)

Since R, is approximately 1.5 Ko and the recommended 7 to avoid simultaneous conduction is 2.5 us
Cpin 10 should be around 1.5 nF.
The current sense resistors R;g and Rig should be high precision types (maximum tolerance £ 2%) and
the recommended value is given by:

Rmax * lo max < 0.44V

It is possible to synchronize two L292’s, if desired, using the network shown in fig. 2.

Fig. 2 L292 lA L1292
10 1

’
S~417411 I

Finally, two enable inputs are provided on the L292 (pins 12 and 13-active low and high respectively).
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APPLICATION INFORMATION

This section has been added in order to help the designer for the best choise of the values of external

components.

Fig. 5 - L292 block diagram

The schematic diagram used for the Laplace analysis of the system is shown in fig. 6.

Fig. 6

Il
! . e |
RF 1+s i YTH
¥ O—1 w3 A sReC_ |1 T
! |
C . T/ .
[ Iy
i |
\ Re | !
1] 1+sReCe : ;
: | 1
i | CURRENT
| ! | SENSING
I FILTER ; LAMPLIFIER
Rs1 = Rsz = Rg (sensing resistors)
—Rl— = 2.5+ 103 Q (current sensing amplifier transconductance)
4
Ly = Motor inductance

Rm = Motor resistance
Im = Motor current

—_lm
Gmo- VTH s=0

ERROR AMPLIFIER

L

I PWM and Motor

(DC transfer function from the input of the comparator (Vy)to the motor cur-
rent (ly)).
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APPLICATION INFORMATION (continued)

Closed-loop system step response

a) Small-signals analysis. Fig. 8 - Small signal step
The transfer function (3) can be written as follows: response (normalized ampli-
s tude vs. t/RgCg) e
I o) = 0.044 1+ FIT 2 ]
TS = R - 2Es " 5—2—— (7) . g1V
G Ri(’ ©o y Al _
h . — mo S H th
where: —————R4C ReCr is the cutoff frequency v
R4C - . /
= — 4~  __  is the dumping factor
£ = VIRG G R Ping v

By choosing the € value, it is possible to determine the system
response to an input step signal. Examples:

Fig. 9 ~Motor current and pin 7 voltage
waveforms (application of fig.5).Small

signal response
1) =1 from which -

- t ovi Lo e |y,
0044, _, WeCe

IM(t)= )]'Vi

_t
4 ReCr

(where V, is the amplitude of the input step).

2) £=—_ from which

V2
_ t
_ 0044, _ t RECF )y, o BB
IM (t) T—-“ cos me ) ! V7 = 200mV/d|v
I = 100mA/div.
t = 100ps/div.

with V, =15 Vp.

From fig. 9, it is possible to verify that the L292 works in ""closed-loop’” conditions during the entire
motor current rise-time: the voltage at pin 7 (inverting input of the error amplifier) is locked to the
reference voltage Vg, present at the non-inverting input of the same amplifier.

The previous linear analysis is correct for this example.

Decreasing the £ value, the rise-time of the current decreases. But for a good stability, from relationship
(6), the minimum value of £ is:

(phase margin = 45°)

Emin = Wz——
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APPLICATION INFORMATION (continued)

Example:

a) Data

b) Calculation

c) Summarising

Motor characteristics : Ly =5 mH
Ry =ba
Lym/Rpm = 1 msec

Voltage and current characteristics:
V, = 20V Im = 2A V,= 9.1V

Closed loop bandwidth: 3 kHz.

From relationship (4):

R, = I V, = 0.2¢a
M
and from (1):
Gno= iy = 107

RC =1 msec [ from expression (2) ].
Assuming £= 1/A/2; from (7) follows:

g2 = L= __400C
2 4 RFCF - 0.2

The cutoff frequency is:

fr= 18102 = 3y,

F‘

RC= 1-+1073 sec C= 47 nF
——;‘iogf =1 R= 22Ka
ReCr = 47 us For Re = 5100 - Cg = 92nF
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PUSH-PULL FOUR CHANNEL DRIVERS

® OUTPUT CURRENT 1A PER CHANNEL

PEAK OUTPUT CURRENT 2A PER CHAN-
NEL (NON REPETITIVE)

INHIBIT FACILITY

HIGH NOISE IMMUNITY
SEPARATE LOGIC SUPPLY
OVERTEMPERATURE PROTECTION

The L293 and L293E are quad push-pull drivers
capable of delivering output currents to 1A per
channel. Each channel is controlled by a TTL-
compatible logic input and each pair of drivers
(a full bridge) is equipped with an inhibit input
which turns off all four transistors. A separate
supply input is provided for the logic so that
it may be run off a lower voltage to reduce
dissipation.

Additionally, the L293E has external connec-
tion of sensing resistors, for switchmode control.

ABSOLUTE MAXIMUM RATINGS

The L293 and L293E are packaged in 16 and 20-
pin plastic DIPs respectively; both use the four
center pins to conduct heat to the printed circuit
board.

DIP-16 Plastic
(0.4)

Powerdip
16+2+2

ORDERING NUMBERS: L293B (16 leads)
L293E (20 leads)

Vs Supply voltage 36 \
Vs Logic supply voltage 36 \'
V; Input voltage 7 \%)
Vinh Inhibit voltage 7 \
lout Peak output current (non-repetitive t = 5ms) 2 A
Piot Total power dissipation at Tg,ound-pins= 80°C 5 w
Tstg, Tj Storage and junction temperature ~-40 to 150 °C
DC motor control Bidirectional DC motor control
Ve Vg
) .
A X
@ 15
A? B? EE. 3‘.
10 1 15 14 C 0
12 Oevee ?7 6 3 2?
o 2 0uves
712 1293 g
9 121293
oV
s ™ 0 Vi
5-5163 o sres #,5.’2,13

12/86



L6E

SCHEMATIC DIAGRAM

T27

' T3 r19|~——4-

ARV

28

R19 R 20

* * * *
é) @ @ @ @@ S - 5184

Y(8) (3)(4) (2) (2) (14)(13) (18)17)

(*) In the L293 these points are not externally available. They are internally connected to the ground (substrate).
O Pins of L293 () Pins of L293E




TRUTH TABLE

Fig. 1 - Switching times

05V
"i__]

V; (eacn channel) Vo Vinn. (°°)
H H H
L L H
H X (°) L
L X () L Vo
(°) High output impedance.
(°°) Relative to the considerate channel.
s-a171

Fig. 2 - Saturation voltage
vs. output current

Fig. 3 - Source saturation

voltage vs. ambient tempe-

rature

Fig. 4 - Sink saturation volt-
age vs. ambient temperature

G- 4345 G-4346 G-4347
VeE sat "l "! i VeEsatn l ‘ Vee satL ‘
v) ) (v)
VS:ZAV Vg= v Vg=24V
3 Vinhibit=Yss=5V 3 Vi=Vinhibit=Yss =SV N Vinhibit=Vss = SV
A Tos1.6A
z z / ‘l’ 2 1 15A
VCE satH / /1o=‘A| l ° n
/ 15214
\ /// Vcesat L , 1o=0.54 _| b ’ O‘SA
— ] —— 2o,
= —T——{15:0.14 R 1::&”‘
o 0
o 0.5 1 15 IO(A) - 50 o 50 100 r‘mb('c) - 50 0 50 00 Tymp(°C)
Fig. 5 - Quiescent logic Fig. 6 - Output voltage vs. Fig. 7 - Output voltage vs.
supply current vs. logic input voltage inhibit voltage
supply voltage oo o-t303 oeiris
lss Yo T T Vo Vg =24V
(ma) Vg=24V Vgg= Vi =5V ‘
:s. = :gxl Vss=Vinhibit =5V T
50 —v,‘n;=mrm /, Voo VeE sath Vs¥ee sat W
B i i
w - sC
| T Tompe 25°C T4 o
L -— 125°C []
46 = a°C /l
y ]
) Il Il
p [l
Vee sat L VeE sat L
| L
o 10 20 30 VsglV) ' 5 2 5 v ' 15 2 Vinhibit (V)

399



APPLICATION INFORMATION

(continued)

Fig. 11 - Stepping motor driver with phase current control and short circuit protection

o . B Vove
! 2 a
— . — -
= .
— ‘ T oot
1
Ty D5V
vy O 2 9 [ - vy
3 18
02 01 — 06 05 |
¢ < 4 17 ‘Dj
5 16|
ol B Ee ‘59 i | *
D4 D3 7 14] 08 07
€ ) —NJ
¢ ¢ fen
= s 1)
4x IN40OY 4 xIN&40OOT
V20- 2 3 Ov3
10 )
L293E I
+— —
2xINGI48  RS) RS 2 2xIN4I4B
Yos Yoo 1 10 yonyon
SV
R3 R4[]10
hoka  CPhg VB R1 “
. 774l KA
LM339
s Va| 10Kka Viet 10KQ
] -
rS R7
15M0 o
R2
814 Imyr
R10 s
|omD F
100K 0
3K
cPé R17
4 10K
174 2
10K0 5% !
5
{1} *
R15
LTKD
R16 5-5166/1

VE< 12V @ | =300 mA

D1 toD8: trr < 200 ns
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ADVANCE DATA

PUSH-PULL FOUR CHANNEL/DUAL H-BRIDGE DRIVER

® 600mA OUTPUT CURRENT CAPABILITY
PER CHANNEL

® 12A PEAK OUTPUT CURRENT (NON
REPETITIVE) PER CHANNEL

® ENABLE FACILITY
® OVERTEMPERATURE PROTECTION

® LOGICAL “0” INPUT VOLTAGE UP TO
1.5V (HIGH NOISE IMMUNITY)

® SEPARATE HIGH VOLTAGE POWER SUP-
PLY (UP TO 44V)

The L293C is a monolithic high voltage, high
current integrated circuit four channel driver in
a 20 pin DIP. It is designed to accept standard
TTL or DTL input logic levels and drive induc-
tive loads (such as relays, solenoids, DC and step-
ping motors) and switching power transistors.

BLOCK DIAGRAM

The device may easily be used as a dual H-bridge
driver: separate chip enable and high voltage
power supply pins are provided for each H-
bridge. In addition, a separate power supply
is provided for the logic section of the device.

The L293C is assembled in a 20 lead plastic
package which has 4 center pins connected
together and used for heatsinking.

Powerdip
16+2+2

ORDER CODE: L293C

IN & ouT4 ouT3 IN 3
(F o o
19 18 13 12
' O ENABLE 2
VssO—f 20
0
vs, 0—1
5 L293C
Y51 O *
N
O ENABLE 1
2 3 7 8 S —9287
5 ) o o .|..5-6-‘5-'6
INY ouTt ouT2 IN2

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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ELECTRICAL CHARACTERISTICS (For each channel, Vg = 24V, Vgg = 5V, Tymp

unless otherwise specified)

= 25°C,

Parameter Test Conditions Min, | Typ. | Max. | Unit
Vg Supply voltage (pin 9, 10) Vss 4 | v
Vss Logic supply voltage (pin 20) 45 7
Is Total quiescent supply current Vi=1L 1p=0 Vegn=H 2 6
(pin 9, 10)
Vi=H, 1o=0, Vgny=H 16 | 24 | mA
VEn = L 4
Iss Total quiescent logic supply Vi=1L lg=0; VeEn = H 44 60
current (pin 20)
Vi=H; Ip=0 Vgy=H 16, | 22 | mA
VEN = L 16" | 24
ViL Input low voltage -0.3 1.5 | V
(pin 2, 8, 12, 19)
ViH Input high voltage 23 Vgs | V
(pin 2, 8, 12, 19)
he qu voltage input current V=15V -10 | uA
(pin 2, 8, 12, 19)
W High voltage input current 2.3V < V; < Vgg -0.6V 30 | 100 | uA
(pin 2, 8, 12, 19)
VENL Enable low voltage (pin 1, 11) -0.3 1.5
VENH Enable high voltage (pin 1, 11) 2.3 Vss
lEnL Low voltage enable current Vene = 1.5V -30 [-100 | nA
(pin 1, 11)
lENH High voltage enable current 2.3V < VENH < Vg -0.6 £10 | BA
(pin 1, 11)
VCE(satyH Source output saturation voltage lo = -0.6A 14118 | V
(pins 3,7, 13, 18)
Vce(saty  Sink output saturation voltage lo = +0.6A 12 118 | V
(pins 3,7, 13, 18)
ty Rise time (*) 0.1 to 0.9 V, 250 ns
t¢ Fall time (*) 0.9 to 0.1 V, 250 ns
ton Turn-on'delay (*) 05 V; to 0.5 V, 750 ns
toff Turn-off delay (*) 0.5 V| to 0.5 V, 200 ns

(*) See switching times diagram
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1203D

PRELIMINARY DATA

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

® 600mA OUTPUT CURRENT CAPABILITY To simplify use as two bridges each pair of chan-

PER CHANNEL nels is equipped with an enable input. A separate

supply input is provided for the logic, allowing

® 1.2A PEAK OUTPUT CURRENT (NON RE- operation at a lower voltage and internal clamp
PETITIVE) PER CHANNEL diodes are included.

® ENABLE FACILITY ’ This device is suitable for use in switching appli-

® OVERTEMPERATURE PROTECTION cations at frequencies up to 5 kHz.
- The L293D is assembled in a 16 lead plastic

® | OGICAL "“0" INPUT VILTAGE UP TO package which has 4 center pins connected
1.5V (HIGH NOISE IMMUNITY) together and used for heatsinking.

® INTERNAL CLAMP DIODES

The L293D is a monolithic integrated high volt-
age, high current four channel driver designed to
accept standard DTL or TTL logic levels and
drive inductive loads (such as relays solenoides,
DC and stepping motors) and switching power
transistors.

Powerdip
12+2+2

ORDERING NUMBER: L293D

BLOCK DIAGRAM

Vs ouUT1 OUT3 Vss
n Vg 16
1
IN1 O— 0 —O IN3
ENABLE 1 O—] Vg 9 —O ENABLE 2
IN2 O—] 51 o
4,5,12)3 6 14 L 293D
-L e) 4 5-6573
OuT2 OUT4
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ELECTRICAL CHARACTERISTICS (For each channel, V, = 24V, Vi = 5V, T,,= 25°C,

unless otherwise specified)

Parameter Test condition Min Typ. Max. Unit
Vg Supply voltage (pin 8) Vs 36
Vs Logic supply voltage (pin 16) 45 36
lg Total quiescent supply V= Io=0 Ven = H 2 6
current (pin 8)
Vi=H  15=0 Vgn= 16 24 mA
Ven =L 4
lgs Total quiescent logic supply P = Io=0 Ven = H 44 60
current (pin 16)
i=H  15=0  Vgn=H 16 22 | mA
Ven=L 16 24
Vie Input low voitage -0.3 1.5 \%
(pin 2,7, 10, 15)
Vin Input high voltage Vg <7V 2.3 Vs
(pin 2,7, 10, 15) \%
Vg > 7V 2.3 7
TR Low voltage input current ViL=15V -10 KA
(pin 2,7, 10, 15)
m High voltage input current 2.3V < V| < Vg -0.6V 30 100 uA
(pin 2, 7, 10, 15)
VenL Enable low voltage (pin 1, 9) -0.3 1.5 \%
VenH Enable high voltage (pin 1,9) | Vi < 7V 23 Vg
\Y
Ve > 7V 2.3 7
lenL Low voltage enable current VenL = 1.5V -30 -100 | pA
current (pin 1, 9)
ienH High voltage enable current 2.3V < Vg < Vg -0.6V +10 MA
(pin 1,9)
VcEsatH  Source output saturation lo = - 0.6A 1.4 1.8 \
voltage (pins 3,6, 11, 14)
VcEsatl,  Sink output saturation lo =+ 0.6A 1.2 1.8 \
voltage (pins 3, 6, 11, 14)
Vg Clamp diode forward voltage | I, = 600 mA 1.3 \
ty Rise time (*) 0.1t0 0.9V, 250 ns
te Fall time (*) 09100.1V, 250 ns
ton Turn-on delay (*) 0.5V;t0 05V, 750 ns
toff Turn-off delay {*) 0.5V;t0 0.5V, 200 ns
(*)  See fig. 1
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SWITCH-MODE SOLENOID DRIVER

® H|GH VOLTAGE OPERATION (UP TO 50V)

® HIGH OUTPUT CURRENT CAPABILITY
(UP TO 4A)

® | OW SATURATION VOLTAGE
® TTL-COMPATIBLE INPUT

® QUTPUT SHORT CIRCUIT PROTECTION
(TO GROUND, TO SUPPLY AND ACROSS
THE LOAD)

® THERMAL SHUTDOWN

® OVERDRIVING PROTECTION

® | ATCHED DIAGNOSTIC OUTPUT

The L294 is a monolithic switchmode solenoid

driver designed for fast, high-current applications
such as hammer and needle driving in printers

and electronic typewriters. Power dissipation is
reduced by effecient switchmode operation. An
extra feature of the L294 is a latched diagnostic
output which indicates when the output is short
circuited.

The L294 is supplied in a 11-lead Multiwatt®
plastic power package.

Multiwatt 11

ORDER CODE: L294

BLOCK DIAGRAM TES  aseesV g
] i
5 4 0
7 SHORT
% CIRCUIT
v, PROTECTION
02 &
INHIBIT [
sounc:—:
STAGE 20Ut
n
SINK
KN our
LCL—S ™
IME
ENABLE LIMITER LAY Y
THERMAL
rﬂ____f PROTECTION p Carrent
47 10
c2 RS-
I 554
6,5 —-—
GND
3
c1 €
33Ka jlﬂnF
R1
S-5014/Y
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L294

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, V; =40V, V=5V, Tamp=25°C,

unless otherwise specified).

Parameter Test conditions Min. Typ. Max. | Unit
Vg Power supply voltage (pin 1) Operative condition 12 46 \
la Quiescent drain current (pin 1) VenagLe= H 20 30 mA
V;>06V; VenaBLES L 70
Vs Logic supply voltage (pin 4) 45 7 Y
lgg Quiescent logic supply current Vpiag= L 5 8 mA
Er:seGd:r::?Ut at high 10 100 uA
Vi Input voltage (pin 7) Operating output 0.6 v
Non-operative output 0.45
i Input current (pin 7) Vi > 0.6V -1
Vi < 045V 3 A
VenaBLE Enable input voltage (pin 9) Low level -0.3 0.8 v
High level 24
lenaBLE Enable input current (pin 9) VenAaBLE= L -100
VenasLe=H oo | "4
lload/Vj  Transconductance Rg=0.2Q V=1V 0.95 1 1.05 AN
V=4V 0.97 1 1.03
Viat H Source output saturation 1p=4A 1.7 \Y
voltage
Vsat L Sink output saturation 1p=4A 2 \
voltage
Vsat H+Vsat L Total saturation voltage 1p=4A 45 \
lieakage Output leakage current R=0.2Q; V; <0.45V 1 mA
K On time limiter constant (°) VenasLe= L 120
Vpbiag Diagnostic output voltage Iplag= 10 mA 0.4 \%
(pin 5)
IpiaG Diagnostic leakage current Vpiag= 40V 10 HA
(pin 5)
Vpin 8 OP AMP and OTA DC voltage Vpin 10= 100 to 800 mV 5
V.. .. gain(°°)
pin 10
VseNs Sensing voltage (pin 10) (°°°) 0.9 \

(°)  After a time interval t;,5x= KC», the output stages are disabled.
(c°) See the block diagram.
(°c°) Allowed range of Vggng Without the intervention of the short circuit protection.
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CIRCUIT OPERATION (continued)

voltage at pin 1 and then by switching the device on again. After that, two cases are possible: the reason
for the ““bad operation’ is still present and the protection acts again; the reason has been removed and
the device starts to work properly.

Fig. 1 - Output current waveforms Fig. 2 - Test and typical
 f10ad load application circuit
i1 +sv A
TOiElce CHezopE
Lo: = T
T 777
oMl [ T T T !
Vi 1ty tel v; RILCE
! 1
R
; F ek
t t T——_ -
VEnaBLE I VENABLE Ao
ton t t -L
Vpin3 Vpin3 .
s-sam.
D1: 3A fast diode
gk N trr < 200 ns
S5- 5365 a) ! max=K €2 b) ! D2: 1A fast diode }
Fig. 3 - Peak output current Fig. 4 - Output saturation
vs. input voltage voltages vs. peak output
! G-4696/1 v Curr_ent G-4697
t
" It
Rg =02 0 N
3 2 et
Vsat
/
z —
sat
A
/
1 1
0.45 0.6 0.5 l
] 1 2 3 vitv) 1l 2 3 4 lp(A)
Fig. 5 - Safe operating areas Fig. 6 - Turn-off phase
' G- 4699 G - 47004
S . v
w = o o 5
. 100psed . w0
) 3004sec’ N
3 / \ 30
1
8 Jc
5 2 20
1 / 10
o
0.1
! i e f e 0 100 200 300 t(nsec)
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PRELIMINARY DATA

DUAL SWITCH-MODE SOLENOID DRIVER

® HIGH CURRENT CAPABILITY (UP TO
2.5A PER CHANNEL)

® HIGH VOLTAGE OPERATION
46V FOR POWER STAGE)

® HIGH EFFICIENCY SWITCHMODE OPERA-
TION

® REGULATED OUTPUT CURRENT (AD-
JUSTABLE)

® FEW EXTERNAL COMPONENTS
@ SEPARATE LOGIC SUPPLY
® THERMAL PROTECTION

(UP TO

The L295 is a monolithic integrated circuit in
a 16-lead Multiwatt®® package; it incorporates
all the functions for direct interfacing between
digital circuitry and inductive loads. The L295 is
designed to accept standard microprocessor logic

ABSOLUTE MAXIMUM RATINGS

levels at the inputs and can drive 2 solenoids.
The output current is completely controlled by
means of a switching technique allowing very
efficient operation. Furthermore, it includes
an enable input and dual supplies (for interfacing
with peripherals running at a higher voltage than
the logic).

The L295 is particularly suitable for applications
such as hammer driving in matrix printers, step
motor driving and electrornagnet controllers.

TN

N

@)

Multiwatt 15

ORDERING NUMBER: L295

Vs Supply voltage 50 \%
Vs Logic supply voltage 12 \%
Vens Vi Enable and input voltage 7 \Y
Vet Reference voltage 7 \
Iy Peak output current (each channel)

— non repetitive (t = 100 usec) 3 A

— repetitive (80% on -20% off; ty,,= 10 ms) 2.5 A

— DC operation 2 A
Piot Total power dissipation (at T¢,s.= 75°C) 25 w
Tag: Tj Storage and junction temperature -40 to 150 °C
APPLICATION CIRCUIT +Vss s

O‘lpF ?
K
15 10 1 2 CZlOJPF;LZZ&PF
- v | 2L I
Xos L 295 o!
L2 L1
Ao
..E— o1
Kn
Icz
o. 5“ rel 2 rell 0. 5“
- Vin2 Viet $-58601
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ELECTRICAL CHARACTERISTICS (Refer to the application circuit, Vgs=5V; V.= 36V;
T; =25°C; L =low; H = high; unless otherwise specified)
Parameter Test conditions Min. Typ. Max. | Unit
Vg Supply Voltage 12 46 V
Vs Logic Supply voltage 4.75 10 \%
lq Quiescent drain current Vs =46V; V1= Vo= Ven= L 4 mA
(from V)
Igs Quiescent drain current Vs = 10V 46 mA
(from V)
Vi1. Via Input Voltage Low -0.3 0.8
’ \Y
High 2.2 7
VeN Enable Input Voltage Low -0.3 0.8
\
High 2.2 7
liz. Lo Input Current Vi1= Vo= L -100
uA
Vi1=Vjo=H 10
lEN Enable Input Current Ven=L -100
uA
Ven=H 10 R
Vief1. Input Reference Voltage 0.2 2 V
Vref2
lref1, Input Reference Current -5 uA
Irer2
fasc Oscillation Frequency C=39nF; R =9.1 KQ 25 KHz
I
v P Transconductance (each ch.) Vyes= 1V R, =0.5Q 1.9 2 2.1 AV
ref
Varop Total output voltage drop lo = 2A 2.8 3.6 \
(each channel) (*)
Veens1 External sensing resistors
2 \Y,
Vgsens 2 Vvoltage drop

(*) Vdrop= VcEsat Q1 * VcEsat Q2-
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The current increases until the voltage on the external sensing resistor, Rg;,reaches the reference voltage,
V\er1- This peak current, l,1, is given by:

At this point the comparator output, Comp1, sets the RS flip-flop, FF1, that turns off the output
transistor, Q1. The load current flowing through D2, Q2, Rg;, decreases according to the law:

-R1t
Va — Va
= (——A_ 4+ _
1= R Ip1) e L1 "1
where VA= Veest @2 ¥ Vsense 1 * Vb2

If the oscillator pin (9) is connected to ground the load current falls to zero as shown in fig. 1.

At the time t, the channel 1 is disabled, by taking the inputs Vi, low and/or EN high, and the output
transistor Q2 is turned off. The load current flows through D2 and D1 according to the law:

-R1t
Vg —_— Vg
= — 2 4 -
1 ( R1 I) e L1 "1
where Vg = Vs +Vp; +Vp,

I+, = current value at the time t,.

Fig. 2 inshows the current waveform obtained with an RC network connected between pin 9 and ground.
From to t; the current increases as in fig. 1. A difference exists at the time t, because the current starts
to increase again. At this time a pulse is produced by the oscillator circuit that resets the flip flop, FF1,
and switches on the output transistor, Q1. The current increases until the drop on the sensing resistor
Rq1 is equal to Vg (t3) and the cycle repeats.

The switching frequency depends on the values of R and C, as shown in fig. 4 and must be chosen in the
range 10 to 30 KHz.

It is possible with external hardware to change the reference voltage V¢ in order to obtain a high peak
current |, and a lower holding current I, (see fig. 3).

The L295 is provided with a thermal protection that switches off all' the output transistors when the
junction temperature exceeds 150°C. The presence of a hysteresis circuit makes the IC work again after
a fall of the junction temperature of about 20°C.

The analog input pins (Vyer1, Viera) can be left open or connected to V; in this case the circuit works
with an internal reference voltage of about 2.5V and the peak current in the load is fixed only by the
value of Rg:

= 25

lp Rs
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ADVANCE DATA

HIGH CURRENT SWITCHING REGULATORS

4A OUTPUT CURRENT

5.1V TO 40V OUTPUT VOLTAGE RANGE
0 TO 100% DUTY CYCLE RANGE
PRECISE (+2%) ON-CHIP REFERENCE
SWITCHING FREQUENCY UP TO 200KHz
VERY HIGH EFFICIENCY (UP TO 90%)
VERY FEW EXTERNAL COMPONENTS
SOFT START

RESET OUTPUT

EXTERNAL PROGRAMMABLE LIMITING
CURRENT (L296P)

CONTROL CIRCUIT FOR CROWBAR SCR

INPUT FOR REMOTE INHIBIT AND SYN-
CHRONUS PWM

® THERMAL SHUTDOWN.

The L296 and L296P are stepdown power
switching regulators delivering 4A at a voltage
variable from 5.1V to 40V.

Features of the devices include soft start, remote

BLOCK DIAGRAM

CURRENT

.J-—i umit

inhibit, thermal protection, a reset output for
microprocessors and a PWM comparator input
for synchronization in multichip configurations.

The L296P includes external programmable
limiting current.

The L296 and L296P are mounted in a 15-lead
Multiwatt® plastic power package and requires
very few external components.

Efficient operation at switching frequencies up
to 200KHz allows a reduction in the size and
cost of external filter components. A voltage
sense input and SCR drive output are provided
for optional crowbar overvoltage protection
with an external SCR.

Multiwatt®
(15-lead)

ORDERING NUMBER: !
1296 L296HT
L296P L296PHT

CROWBAR CROWBAR
INPUT DRIV
o

1 15

Hi—

0SCILLATOR —

CROWBAR

ouTPUT
STAGE

5.1V
FraoR REFERENC

0%

¥
% E’ B ko J

%‘ 0

12

ORESET INPUT

THERMAL ’_‘)
SHUTDOWN

RESET X OREsET OUTPUT

13

;' RESET DELAY

538303 13 €

(o)
INHIBIT
INPUT

i I

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

NO

NAME

FUNCTION

CROWBAR INPUT

Voltage sense input for crowbar overvoltage protection.
Normally connected to the feedback input thus trig-
gering the SCR when V_,, exceeds nominal by 20%.
May also monitor the input and a voltage divider can be
added to increase the threshold. Connected to ground
when SCR not used.

OUTPUT

Regulator output.

SUPPLY VOLTAGE

Unregulated voltage input. An internal regulator powers
the L296’s internal logic.

CURRENT LIMIT

A resistor connected between this terminal and ground
sets the current limiter threshold.

If this terminal is left unconnected the threshold is
internally set (see electrical charateristics).

SOFT START

Soft start time constant. A capacitor is connected bet-
ween this terminal and ground to define the soft start
time constant. This capacitor also determines the average
short circuit output current.

INHIBIT INPUT

TTL — level remote inhibit. A logic high level on this
input disables the device.

SYNC INPUT

Multiple L296s are synchronized by connecting the pin 7
inputs together and omitting the oscillator RC network
on all but one device.

GROUND

Common ground terminal.

FREQUENCY COMPENSATION

A series RC network connected between this terminal
and ground determines the regulation loop gain charac-
teristics.

10

FEEDBACK INPUT

The feedback terminal of the regulation loop. The out-
put is connected directly to this terminal for 5.1V oper-
ation; it is connected via a divider for higher voltages.

11

OSCILLATOR

A parallel RC network connected to this terminal deter-
mines the switching frequency. This pin must be connec-
ted to pin 7 input when the internal oscillator is used.
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CIRCUIT OPERATION (continued)

Fig. 1 - Reset output waveforms

AN INTERRUPTION
OF SUPPLY CAUSES
RESET OF MICRO

l AT POWER DOWN
MICRO 1S INHIBITED

e

OUTPUT NOW
Vo STABLE ,RESET
A GOES HIGH
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RESET oA -------- -
THRESHOLD —— \TTT T T W‘“
1
1
MONITORED !
VOLTAGE |
1
1
)
1
I
|
|
|
I
1
|
|
RESET !
OUTPUT :
|
|
—| |—
DELAY

Fig. 2 - Soft start waveforms
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Fig. 3 - Current limiter waveforms
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ELECTRICAL CHARACTERISTICS (continued)

L Parameter Test Conditions Min, Typ. l Max. Unit Figq
SOFT START
lsso  Source current Vg =0V, Vg5=3V 100 130 160 KA | 6b
I5 s Sink current Vg=3V, V5=3V 50 70 120 MA | Bb
INHIBIT
VgL  Low input voltage V;=9Vtod46V S1:B -0.3 0.8 6a
Vg  High input voltage V7 =0V 5218 2 5.5 6a
-l  Inputcurrent with low | V; =9V to 46V Vg =0.8V 10 LA | 6a
input voltage
Vs =0V
-lgn  Input current with S1:B Vg =2V 3 kA | 6a
high input voltage S2:B
ERROR AMPLIFIER
Vg  High level output volt. | Vg =47V, Ig=100uA, S1:A, S2: A 3.5 \ 6¢c
Vg  Low level output volt. | V39=5.3V, Ig=100uA, S1:A, S2:E 0.5 6¢
lgsi Sink output current Vi0=5.3V, S1:A, S2:8B 100 150 uA | 6c
-lgso Source output current | V19 =47V, S1:A, S2:D 100 150 HA | 6c
l10 Input bias current Vip=5.2V $1:8B 2 10 rA | 6¢
Vip=6.4V, S1:B, L296P 2 10 A | 6c
Gy DC open loop Gain Vg =1Vto3V, S1:A, S2:C 46 55 dB 6¢c
OSCILLATOR AND PWM COMPARATOR
-l7 Input bias current of V7=0.5V to 3.5V 5 uA | 6a
PWM comparator
-l31  Oscillator source curr. | V33 =2V, S1:A S§2:B 5 mA |6A
RESET
Vi2 r Rising threshold Vy=9Vto46V, §S1:B, S2:B Vet Vyef Vief v 6d
voltage -150mV |-100mV | -560mV
Vizr 5:::;2% threshold 475 | ggety o | V| 6@
Vi3 p Delay threshold volt. Vi12=5.3V, S1:A, S2:B 4.3 4.5 4.7 \ 6d
Vi3 Delay threshold 100 mV | 6d
voltage hysteresis
Vias Output saturation volt. | 134 = 16mA; V1,=4.7V; §1,82:B 0.4 \ 6d
112 Input bias current Vi2=0VtoVis S1:B, S2:B 1 3 uA | 6d
-l1350 Delay source current Vi3 =3V Vi2=5.3V 70 110 140 HA | 6d
I35 Delay sink current g; é Vi2=4.7V 10 mA | 6d
l14 Output leakage curr. V=46V, V,,=5.3V, S1:B, S2: A 100 uA | 6d
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Fig. 6 - DC test circuits
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Fig. 16 - Switching fre-
quency vs. R1 (see fig. 4)

Fig. 17 - Line transient
response (see fig. 4)

Fig. 18 - Load transient
response (see fig. 4)
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APPLICATION INFORMATION

Fig. 34 - Typical application circuit

RESET
R6
I
J S
Vi O —[ [
R1
3 14 110
12 ove
13 R7
*
e, R2 ", e 9 4
\0pF$ [100
63V Ka R®
47
c2| c3| R3L| Ral cul RSTYIS
«3[ ]| 10 _AJ——-_ Ka Ko
2.2uf] 220F| KA KALL 55 cs] CB Riim
HF 3%
33n?r P
GND O— _OGND

C7, C8: EKR (ROE)

[¢]
INHIBIT

5-6280/2

(*) Minimum value (10uF) to avoid oscillations; ripple consideration leads to typical value of 1000uF or higher
L1: 58930 - MPP COGEMA 946044; GUP 20 COGEMA 946045

SUGGESTED INDUCTOR (L1)

No Wire Air
Core Type Turns Gauge Gap
Magnetics 58930 ~ A2MPP 43 1.0 mm, —
Thomson GUP 20x16x7 65 0.8 mm. 1 mm.
Siemens EC 35/17/10
(B6633& - G0500 - X127) 40 2 x 0.8 mm. -

VOGT 250 uH Toroidal coil, part number 5730501800

Resistor values for
standard output voltages
Vo R8 R7
122v 4.7 kQ 6.2 k2
15V 4.7 kQ 9.1 kQ
18V 4.7 kQ 12 kQ
24V 4.7 kQ 18 kQ

Fig. 35 - P.C. board and component layout of the circuit of fig. 34 (1 : 1 scale)
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APPLICATION INFORMATION (continued)

Fig. 36 - A minimal 5.1V fixed regulator. Very few components are required

+10V to+46V
1000uF/s0v | INPUT

-L_I 3 |4 E:L |15

n Ismoom l
0SCILLATOR,
7
300uH
2.2 w3 2 — +5.V
nF K 0 Y T
I SGSBR20 == 220
5V OR uF
9 REFERENCH BYW80
15
KO |o.av
33 %; 10
nF 12
H 5 RESET L]
| THERMAL i » v
SHUTDOWN 13
5-6598/2 8 6 5
—— 2.2uF
Fig. 37 - 12V/10A Power supply
V;=20V 1046V
10.000uF 50V
3 l4 rl |15
COMP CROWBAR
n { SAWIOOTH ] \
[OSCILLATOR
7
-L 10KA ‘c’::k oVTPUT 2 2N5038
2 STAGE 1
Izn F sV r——’aoVo'“\———«H 5
9 " R FERE 150
L L—{fs Q! <
15KA (g4 |u:-’l s(;r')' 6.2
_T:‘F rt'or_ Yo | ko
G
33nF - @l 0
I 12 VHE 2401
[ neser 14 A 47K
s DJI_T . 2200uF]
——
5-6599/1 ;E 6 5
w—h ‘L 22uF
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APPLICATION INFORMATION (continued)

Fig. 40 -

can be synchronized as shown.

In multiple supplies several L296s

1
0sC

5
SYNC

n
0sC

4 it
bt

$-5976 11

GND

Fig. 41 - Voltage sensing for remote load

300 uH

—H
.
s

Vo

L

$-5829/2

Fig. 42 - A 5.1V/15V/24V multiple supply. Note the synchronization of the three L296s.
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ILOV 3
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3 390pF
33
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T L
nF
[ T 300 H
10 12 2 Y\ 0
2x 18|
scsanzi ;L
& or 100pF Kald vy =24v
BYWSO™ 0 47
KQ|
7 61 5 9 8 IO
15KQ

439



HOW TO OBTAIN BOTH RESET AND
POWER FAIL

Figure 46 illustrates how it is possible to obtain
at the same time both the power fail and reset
functions simply by adding one diode (D) and
one resistor (R).

In this case the reset delay time (pin 13) can only
start when the output voltage is V, 2 Vger -
100mV and the voltage across R2 is higher
than 4.5V.

With the hysteresis resistor it is possible to fix
the input pin 12 hysteresis in order to increase

immunity to the 100Hz ripple present on the
supply voltage.

Moreover, the power fail and reset delay time
are automatically locked to the soft start. Soft
start and delayed reset are thus two sequential
functions.

The hysteresis resistor should be in the range
of about 100KS2 and the pull-up resistor of
1 to 2.2KSQ.

Fig. 46
Vi O—s PULL- UP RESISTOR
)
R1 I S—— |
HYST, 3 Vo= 5.1V
RESISTOR z S OYo
14 L296 I
5 13 1210

L e
STT

D
RESET OUT

Ki

S-9573
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STEPPER MOTOR CONTROLLERS

® NORMAL/WAVE DRIVE and on-chip PWM chopper circuits permit switch-
mode control of the current in the windings.
® HALF/FULL STEP MODES A feature of this device is that it requires only
® CLOCKWISE/ANTICLOCKWISE DIRECTION clock, direction and mode input signals. Since
the phase are generated internally the burden on
* ?‘{VALCHMODE LOAD CURRENT REGULA- the microprocessor, and the programmer, is
greatly reduced. Mounted in a 20-pin plastic
® PROGRAMMABLE LOAD CURRENT package, the L297 can be used with monolithic
, bridge drives such as the L298N or L293E, or
® FEW EXTERNAL COMPONENTS with discrete transistors and darlingtons. The
® RESET INPUT & HOME OUTPUT L297 A also includes a clock pulse doubler.
® ENABLE INPUT

® STEP PULSE DOUBLER (L297A ONLY)

DIP-20 Plastic

The L297 Stepper Motor Controller 1C generates (0.4)

four phase drive signals for two phase bipolar and
four phase unipolar step motors in microcom-

puter-controlied applications. The motor can be ORDERING NUMBERS: L297-L297A
driven in half step, normal and wave drive modes

ABSOLUTE MAXIMUM RATINGS

Vs Supply voltage 10 \%
Vi, Input signals 7 \Y
Piot Total power dissipation (T 3mp= 70°C) 1 w
Teg, T Storage and junction temperature ’ -40 to +150 °C

TWO PHASE BIPOLAR STEPPER MOTOR CONTROL CIRCUIT

sv 036V
R
c 2Kn
u3nF L
GND!_'1 _EI o1 | 02 b3] 04
i “
- 05¢ A2x%xzx
cwiCew |2 18 25 8 4l
SN A 4 s 2
aoek |, o le ) I
HALF/FULL , , e sl
— ]
STEPPER
N L297 L298N MOTOR
RESET |0 L 1|2 WINDINGS
enasee | N CCIER A ]
v J—
et s [} LA MIQ"
101 3 13 14 1 1 os| os| 07| o8
SENSE1 | L A A &
SENSE 2 L j j j_
CONTROL HOME
Rsy Rg2 = 050 SYNC. 5-5846/4
VES12Ve |=2A R&HRSZ
D1 to D8 = 2A Fast diodes F= =
A © { trr < 200 ns
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CONNECTION DIAGRAM

\ %
oousLer [ 1 0[] mEsEr
GND [l 19 ] HALF/FULC
HOME [ 3 8 ] CLOCK
A I 17[]  cwicew
N (s L2978 6] osc
8 ﬂ 3 15 (] Vret
¢ E 7 4] senst
A2 E 8 13[]  sens2
D 1§ 12] Vg
ENABLE L‘O ] or-mem
$-5840
BLOCK DIAGRAM
Vs, A iNm B Cc INAZ D
R
HALF (FUCL —]
STeER OUTPUT LOGIC O ENABLE
RESET ; TRANSLATOR
DIRECTION O D @
s s
—c
FF3
R R
o o FFI FF2
DIR-MEM O
PULSE
—*1 pouBLER osc.
5 5 S bl b s
DOUBLER GND HOME SENS 1 Vi SENS2 0sC.
THERMAL DATA
Rih j-amp Thermal resistance junction-ambient max. 80 °C/W
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PIN FUNCTIONS — L297(continued)

NO

NAME

FUNCTION

14

SENS,

Input for load current sense voltage from power stages
of phases A and B.

15

Vref

Reference voltage for chopper circuit. A voltage applied
to this pin determines the peak load current.

16

0scC

An RC network (R to V¢c, C to ground) connected to
this terminal determines the chopper rate. This terminal
is connected to ground on all but one device in synchron-
ized multi - L297 configurations. f = 1/0.69 RC,
R>10kQ.

17

CW/CCW

Clockwise/counterclockwise direction control input.
Physical direction of motor rotation also depends on
connection of windings.

Synchronized internally therefore direction can be
changed at any time.

18

Step clock. An active low puise on this input advances
the motor one increment. The step occurs on the rising
edge of this signal.

19

HALF/FULL

Half/full step select input. When high selects half step
operation, when low selects full step operation. One-
phase-on full step mode is obtained by selecting FULL
when the L297's translator is at an even-numbered state.
Two-phase-on full step mode is set by selecting FULL
when the translator is at an odd numbered position.
(The home position is designated state 1).

20

RESET

Reset input. An active low pulse on this input restores
the translator to the home position (state 1, ABCD =
0101).
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MOTOR DRIVING PHASE SEQUENCES

The L297's translator generates phase sequences for normal drive, wave drive and half step modes. The
state sequences and output waveforms for these three modes are shown below. In all cases the trans-
lator advances on the low to high transistion of CLOCK.
Clockwise rotation is indicated; for anticlockwise rotation the sequences are simply reversed. RESET
restores the translator to state 1, where ABCD = 0101.

Half step mode
Half step mode is selected by a high level on the HALF/FULL input.

1001 1000 A J | | |

HOME 0100 Ono

L LT LT L
e T e B O

$-5841

Normal drive mode

Normal drive mode (also called ‘“two-phase-on’’ drive) is selected by a low level on the HALF/FULL
input when the translator is at an odd numbered state (1, 3, 5 or 7). In this mode the INHT and TNH2
outputs remain high throughout.




ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. Unit
Vo Phase output voltage lg = 10mA VoL 0.4 v
(pins 4,6,7,9) .
lo =5mA VouH 3.9 Y
Vinh Inhibit output voltage Io = 10mA Vinh L 0.4 \%
(pins 5, 8)
lo = 5mA Vinh H 3.9 v
heak Leakage current Veeg=7V 1 LA
(pins 3, 11 *)
Vsat Saturation voltage I=6mA 0.4 Vv
(pins 3, 11 *)
Voff Comparators offset voltage Vyes = 1V 5 mV
(pins 13, 14, 15)
Ip Comparator bias current -100 10 A
(pins 13, 14, 15)
Vyef Input reference voltage 0 3 -V
(pin 15)
teLK Clock time 0.5 us
tg Set up time 1 us
tH Hold time 4 us
tR Reset time 1 us
trcLk  Reset to clock delay 1 us
* L297A only.
Fig. 1
CLOCK /
ek
CWICCW
HALF STEP/
FULL STER tg ty
RESET 5.5845
‘s 'RCLK
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PRELIMINARY DATA

DUAL FULL-BRIDGE DRIVER

POWER SUPPLY VOLTAGE UP TO 46V
TOTAL DC CURRENT UP TO 4A

LOW SATURATION VOLTAGE
OVERTEMPERATURE PROTECTION

LOGICAL “0” INPUT VOLTAGE UP TO
1.5V (HIGH NOISE IMMUNITY)

The L298N is an integrated monolithic circuit in
a 15-lead Multiwatt® package. It is a high volt-
age, high current dual full-bridge driver designed
to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC
and stepping motors. Two inhibit inputs are

of the input signals. The emitters of the lower
transistors of each bridge are connected together
and the corresponding external terminal can be
used for the connection of an external sensing
resistor. An additional supply input is provided
so that the logic works at a lower voltage.

Multiwatt®
(15-lead) g

ORDERING NUMBER: \
L298HN

provided to disable the device independently L298N
ABSOLUTE MAXIMUM RATINGS
Vy Power supply 50 vV
Vs Logic supply voltage 7 \Y)
Vi, Vinn  [nput and inhibit voltage -0.3to 7 \
Iy Peak output current (each channel)
— non repetitive (t = 100 us) 3 A
— repetitive (80% on - 20% off; t,,= 10 ms) 25 A
— DC operation 2 A
Veens Sensing voltage -1t02.3 Vv
Piot Total power dissipation (T ,s.= 75°C) 25 w
Tsg Tj Storage and junction temperature -40 to 150 °C
STEPPER MOTOR CONTROL CIRCUIT
sy ?36\1
R
3J“FcI 2k0
GND s j__] m] 02| 03| D4
CWICCW |§ 16 l A ] 4o
HALF/FULL L le 02
STEPPER
Reser [, ad s |2 L9 132 WiNoINGS
Enasee | o o j ;I
Vret 15 o |INAZ o4
‘T] 31 T o 11T "% % % %%
SENSE 2 R S N s
Rg) Rsp = 050 CONTROL G HOME osscsis
D1 to D8 = 2A Fast diodes { Z_':;;og\'/_ls@ b=2A ERS‘ ERSZ
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Fig. 1 - Switching times test circuits

VggeV  Vg=42V

INPUT

o—]

ENABLE

$-5852/1

Note: For INPUT chopper, set EN = H

Fig. 2 - Switching times test circuits

Vssssy  Vs=42V
O @

INPUT

o—I

ENABLE

$-5854/1

Note: For INPUT chopper, set EN = H

Fig. 1a - Source Current Delay Times vs. Input or

Enable Chopper.

ILﬁ

Imax(ZA)
90% ~F == == = Y T —————————————————
10% === - PR -~

Vi (4V)
50% t¥~—=~---—--=------~—

5-5853N

Fig. 2a - Sink Current Delay Times vs. Input or

Enable Chopper.

Y

Imax(2A) N - 7

90°% ~

10% == — =~~~ SR -/

T5 T6 T7 T8

Vi (4V)
R

1

5-5855/1
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max Unit
T4 (V)  Source current rise time 011, 10091, ‘% 0.35 us
Ts5 (Vy) Sink current turn-off delay 05V;t009 1 ) 0.7 us
Te (V) Sink current fall time 091_t00.11, 3 0.2 us
T,{V)  Sink current turn-ondelay | 0.5V;t00.1 1, ‘%' 15 s
Tg (Vj) Sink current rise time 0.11_t009 I B3) 0.2 us
fe Commutation frequency I_=2A 25 40 KHz

1) Sensing voltage can be -1V for t < 50 usec; in steady state Vggng min > -0.5V.

2) See fig. 1a.

3) See fig. 2a.

* The correct sequence for power-on, is: 1. Vgsonwith EN=L - 2.V,,, - 3.EN=H
and for power-off 1.EN=L - 2.Vgo¢ - 3. Vgsofs

Fig. 4 - Bidirectional DC motor control

Wg
O

o 4

\ 02 4
U T Al e

‘VSS

.
1/2 L298N
Y Ovinn

TO CONTROL 'S _lf )

CIRCUIT 0

Rs
E D1 TO D4 :1A HIGH-SPEED DIODE
5-5857/1

INPUTS FUNCTION
C=H; D=L Turn right
Vinn=H C=L; D=H Turn left
Cc=D Fast motor stop
Vinn=L | €C=X; D=C Free running
motor stop
L= Low H = High X = Don’t care
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ADVANCE DATA

VERY LOW DROP 5V REGULATOR

® PRECISE OUTPUT VOLTAGE (5V *4%) output makes the L387A particularly suitable for
® VERY LOW DROPOUT VOLTAGE microprocessor system. This output provide a
: reset pulse when power is applied (after a ex-
® OUTPUT CURRENT IN EXCESS OF 500mA ternal programmable delay) and goes low when
® POWER-ON, POWER-OFF INFORMATION power is removed inhibiting the microprocessor.
(RESET FUNCTION) An hysteresis on reset delay capacitor raises

® HIGH NOISE IMMUNITY ON RESET the immunity to the ground noise.

DELAY CAPACITOR

The L387A is a very low drop voltage regulator
in a Pentawatt® package specially designed to
provide stabilized 5V supplies in consumer and
industrial applications. Thanks to its very low
input/output voltage drop this device is very
useful in battery powered equipment, reducing ORDERING NUMBER: L387A
consumption and prolonging battery life. A reset

Pentawatt®

ABSOLUTE MAXIMUM RATINGS

Vi Forward input voltage 36V
Vi Reverse input voltage -18 V
Vi Positive transient voltage (t < 300ms) 60 V
Vi Negative transient voltage (t < 100ms) -60 V
Top Operating junction temperature -40 to 150 :C
Tstg Storage temperature -656t0 150 "C

TEST CIRCUIT

OouTPUT
VOLTAGE
+5V

%

WO 1 >
100nF 1| 387A ' I°° .
T | T
_E?L 3 e
s0onf L - ouTPUT

S-5898/1

.

* Min 33uF and max. ESR < 392 over temperature range

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, V; = 14,4, T; = 25°C, unless

otherwise specified)

Parameter Test Conditions Min, Typ. Max. Unit
Vo Output voltage lo = BmA to 500mA 4.80 6 5.20 A
Vi Operating input voltage | (*) 26 \%
AVg Line regulation Vi =6V to 26V lo =5mA 5 50 mV
AVg Load regulation lo =5mA to 500mA 15 60 mV
Vi-Vo Dropout voltage lo = 500mA 0.60 0.8 Vv
Ig Quiescent cuttent lo =0mA 5 15
lo = 160mA 20 35
lo =350mA 60 100 mA
lo =500mA 100 160
Vi=6.2V lo =500mA 170 180
AV, Temperature output t 0.5 mV/°C
AT voltage drift
SVR Supply voltage rejection | I = 350mA f=120Hz 60 dB
Co = 100uF V=12V + 56Vpp
lsc Output short circuit 08 1.5 A
current
VR Reset output voltage Ir = 16mA Vo < 4.75V 0.8 Vv
IR Reset output leakage Vo in regulation 50 MA
current
ty Delay time for reset Cd =100nF 30 ms
output
VRT(offy Reset threshold (delay 475 | Vo-0.15 |V,-004| V
charging current on)
lca Charging current V4 =3V 10 30 LA
(current generator)
CrT (on) Reset threshold (low) VRt (off) A\
-10mV
Vg Comparator threshold Reset out = ‘0"’ 3.3 3.7 A\
(pin 4)
Reset out = 1" 3.7 43 \Y
Vy Hysteresis voltage 500 mV

(*) For a DC voltage 26 < V; < 35V the device is not operating
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DARLINGTON ARRAYS

® EIGHT DARLINGTONS PER PACKAGE

® OUTPUT CURRENT 400mA PER DRIVER
(500mA PEAK)

® OUTPUT VOLTAGE 90V (Vg sy = 70V)

® |[INTEGRAL SUPPRESSION DIODES FOR
INDUCTIVE LOADS

® QUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT

® TTL /CMOS / PMOS / DTL COMPATIBLE
INPUTS

® INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT

The L601, L602, L603 and L604 are high volt-
age, high current darlington arrays each contain-
ing eight open collector darlington pairs with
common emitters. Each channel is rated at 400
mA and can withstand peak currents of 500mA.
Suppression diodes are included for inductive
load driving and the inputs are pinned opposite
the outputs to simplify board layout.

ABSOLUTE MAXIMUM RATINGS

The four versions interface to all common logic
families :

L601 General purpose

L602 14-25V PMOS

L603 5V TTL, CMOS S
L604 6 - 156V CMOS, PMOS

These versatile devices are useful for driving a
wide range of loads, including solenoids, relays
DC motors, LED dispalys, filament lamps, thermal
printheads and high power buffers.

The L601, L602, L603 and L604 are supplied
in 18 pin plastic DIP packages with a copper
leadframe to reduce thermal resistance.

DIP-18 Plastic
(U7P2)

ORDERING NUMBERS: L601B, L603B

L602B, L604B

Vcex Collector emitter voltage (input open)

le Collector current

le Collector peak current

Vi Input voltage (for L602, L603 and L604)
l; Input current (for L601 only)

Piot Total power dissipation a T,,,,= 25°C
Top Operating junction temperature

Tstg Storage temperature

90

0.4

05

30

25 m

1.8
-25 to 150 °C
-55 to 150 °C

Erx<>rp<

SCHEMATIC DIAGRAM (L601 — One darlington only)

EACH DRIVER

coM

ouTt
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L601 L603
L602 L604

THERMAL DATA

R¢nh j-amp  Thermal resistance junction-ambient max 70 °C/W
ELECTRICAL CHARACTERISTICS (T,,,= 25°C, unless otherwise specified)

Parameter Test conditions Min. Typ. Max. Unit
lceEx QOutput leakage current Vcg= 90V 10 HA
Vce(saty Collector emitter saturation lc=300mA  1g=500 uA 2 \

voltage lc=200mA ig=350 uA 1.7 \Y
Ic=100mA ig=250 uA 1.2 \"
hpe DC forward current gain Vee= 3V Ic= 300 mA 1000 -
(L601 only)
V; Minimum input voltage Veg=3V lc= 300 mA
(ON condition) for L602 1.5 \
for L603 25 \
for L604 25 \%
Vi Maximum input voltage Veg= 90V lc=25 uA
(OFF condition) for L6017 0.55 v
for L602 7 \
for L603 0.75 4
for L604 1 \
IR Clamp diode reverse current VRr=90V 50 nA
Vg Clamp diode forward voltage le=300 mA 2 2.4 \%
ton Turn-on delay 05V;t00.5V, 0.4 us
toff Turn-off delay 05V;t0 05V, 0.4 us
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PRELIMINARY DATA

2A QUAD DARLINGTON SWITCH

® SUSTAINING VOLTAGE: 70V
® 2A OUTPUT

® HIGH CURRENT GAIN

[

IDEAL FOR DRIVING SOLENOIDS, DC
MOTORS, STEPPER MOTORS, RELAYS,
DISPLAYS, ETC.

The L702 is a monolithic integrated circuit for
high current and high voltage switching applica-
tions it comprises four darlington transistors
with common emitter and open collector suitable
for current sinking applications, mounted on the
new POWERDIP and Multiwatt® packages.

This circuit reduces components, sizes and costs;
it can provide direct interface between low level

logic and a variety of high current applications.

ORDERING NUMBER:

Multiwatt-11

Powerdip 8 + 8
(V6P2)

L702B - Powerdip
L702N - Multiwatt

ABSOLUTE MAXIMUM RATINGS

Veex Collector-emitter voltage (input open) 90 A
i Input voltage 30 \%
le Collector current R 3 A
Piot Total power dissipation at Ty 046 16 < 90 C . 4 w
Total power dissipation at Tomp < 70°C } Powerdip 1.1 w
Total power dissipation at Tz < 90°C Multiwatt 20 w
Tstg Storage temperature -55 to 150 °c
i Operating junction temperature -25 to 150 °C
Stepping motor buffer ove
[702B(N) 3 .
A | (8) i |
(1) Al |
L
!
R 4 . \ (&
2 (7) D
4 : i
7 L2
kTﬂBi K. (s) i”
6 .
)
_%Dﬁ “ f‘ I‘OOPF
L
9 16 '6)
I 5-5048
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ELECTRICAL CHARACTERISTICS (T ,,= 25°C unless otherwise specified)

Parameter Test conditions Min. Typ. Max Unit
lcex Output leakage current Vce= 90V 10 50 MA
VCE (sust) Collector emitter (°) sustaining Ic =100 mA 70 \

voltage
VcE (sat) Collector emitter saturation lc = 1.25A 1.3 1.9 \%
voltage li=2mA
hgg DC forward current gain Ic=1A 1000 4000
Veg=3V
I Input current Vi =3.75V 7 11 mA
V=24V 3 6 mA
open collector
Vi Input voltage  off condition Veg= 70V lc <0.1mA 04 \
on condition Vece= 3V Ic= 1A 2.4 v
ton Turn on time Vg =12V 0.3 us
toff Turn off time R =100 1 us

(°) Pulsed: pulse duration = 300 us, duty cycle = 1.5%.

Fig. 1 - Switching time

S-34721

tott

Fig. 2 - to, and ty¢ test circuit

S—34711

Fig. 3 - Peak collector cur-
rent vs, duty cycle and num-
ber of outputs(L702B only)

64089

1(A) \ [TT]
AV Tamb=70°C| | | |
\ T=100ms 1 |
15 A\
\\
N
\ 1
-
1
N T
05 T3 T
3 ==
147
I
T
10% 30%  50% 70% o()
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ADVANCE DATA

LOW DROP DUAL POWER

OUTPUT CURRENT TO 1A
OPERATES AT LOW VOLTAGES
SINGLE OR SPLIT SUPPLY

LARGE COMMON-MODE AND DIFFER-
ENTIAL MODE RANGE

LOW INPUT OFFSET VOLTAGE
GROUND COMPATIBLE INPUTS
LOW SATURATION VOLTAGE
THERMAL SHUTDOWN

The L2720 and L2722 are monolithic inte-
grated circuits in powerdip and minidip packages,
intended for use as power operational amplifiers
in a wide range of applications including servo

OPERATIONAL AMPLIFIERS

ticularly indicated for driving, inductive loads,
as motor and finds applications in compact-disc,
VCR automotive, etc.

The high gain and high output power capability
provide superior performance whatever an opera-
tional amplifier/power booster combination is
required.

Minidip Plastic

Powerdip 8 + 8

ORDERING NUMBERS:

amplifiers and power supplies. They are par- L2720 L2722

ABSOLUTE MAXIMUM RATINGS

\'A Supply voltage 28 \%

Vs Peak supply voltage (50ms) 50 \Yj

Vi Input voltage A

\ Differential input voltage +V,

lo DC output current 1 A

lp Peak output current (non repetitive) 1.5 A

Piot Power dissipation at Ty, = 80°C (L2720), T,mp = 50°C (L2722) 1 w
Tease = 75°C (L2720) 5 w

Tstgr T Storage and junction temperature -40 to 150 °c

BLOCK DIAGRAMS

Vg

80 :D"__on
70—
6 O- :D~——()3
5 O—

$-5906N1

L2720

g

T
8 ——
70—
6 O—
>t
5 O—
g

L2722

5.9929

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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ELECTRICAL CHARACTERISTICS (V, =24V, T,,,, = 25°C unless otherwise specified)

Parameter Test Conditions Min Typ. Max. |[Unit
V¢ Single supply voltage 4 28
v
Vg Split supply voltage +2 +14
lg Quiescent drain current Ve Vg = 24V 10 15
Vo = mA
2 Vs = 8V 9 15
Iy Input bias current 0.2 1 KA
Vos Input offset voltage 15 mV
los Input offset current 10 50 nA
SR Slew rate 2 V/us
B Gain-bandwidth product 1.2 MHz
R; Input resistance 500 KQ
Gy O.L. voltage gain f = 100Hz 70 80
dB
f = 1KHz 60
eN Input noise voltage T 10 nvu
B = 22Hz to 22KHz
In Input noise current 200 pA
CMR Common Mode rejection f = 1KHz 66 84 dB
SVR Supply voltage rejection f = 100Hz Vg = 24V 70 dB
Rg = 10KQ Vg = £12V 54 75 dB
VRr = 0.5V Vg = £ 6V 81 dB
VDROP (HIGH) Ip = 100mA 0.7 v
lp = 500mA 1.0 15
Vg = +2.5V to £12V
VDROP (LOW) Ip = 100mA 0.3 v
lp = 500mA 0.5 1.0
Cq Channel separation f=1KHz; R_=109; G, =30dB
Vg =24V 60 dB
Vg =36V 60 dB
Tsd Thermal shutdown 145 °c
junction temperature
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APPLICATION SUGGESTION

In order to avoid possible instability occurring
into final stage the usual suggestions for the
linear power stages are useful, as for instance:

— layout accuracy;

Fig. 8 - Bidirectional DC motor contro! with uP compa

Vs2
Q

— A 100nF capacitor corrected between supply
pins and ground;

— boucherot cell (0.1 to 0.2uF + 18 series) bet-
ween outputs and ground or across the load.

tible inputs

Vs; = logic supply voltage
Must be Vg, > Vg,
E1, E2 = logic inputs

€2

S-

Fig. 9 - Servocontrol for compact-disc

99311

—————

REFLECTE
BEAM
LASER

INTEGRAIED
PHOTODIODES SIGNAL

=

HANDLING

1
I: 1 FOCUSING

$-9475/1
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Fig. 14 - VHS-VCR Motor control circuit

uP
8

-

[:EE LOADING MOTOR

@ CASSETTE MOTOR

AR VR

L2393
CAPSTAN
8-BIT
DAC b4 L2720 MOTOR
0808
DRUM
8-BIT
DAC [ Le7e0 MOTOR
0808 F
CAPSTAN TACHO
uP DRUM POSITION
INTER CTL C"’
FACE [ mec.ps. VHSZ: : OIS
REEL TACHO
TDA | RIGHT 10
8114

LEFT 1
REEL TACHO O

RESET

$5-9482

477



PRELIMINARY DATA

PRINTER SOLENOID DRIVER

The L3654S is a printer solenoid driver containing
ten open-collector driver outputs and a ten-bit
serial-in, parallel-out register.

Data is clocked into the shift register serially
and transferred to the open-collector outputs
by an enable input. Serial input data is loaded
by the rising edge of the clock. A serial output
from the tenth bit is provided which changes
at the falling edge of the clock. This output is
not controlled by the enable input and remains
active at all time.

The L3654S is pin to pin compatible with the stan-
dard L3654, but can work with V; down to 4.75V.

Each output is rated at 2560mA (sink) and is

ABSOLUTE MAXIMUM RATINGS

clamped to ground internally at 50V to dissipate
stored energy in inductive loads.

The L3654S is supplied in a 16 lead dual in-line
plastic package, and its main fields of applica-
tion comprise thermal printers, cash registers
and printing pocket calculators.

DIP-16 Plastic
(0.25)

ORDERING NUMBER: L3654S

V, Supply voltage 95 \
V; Input voltage 95 \
Vg External supply voltage 45 \
lo Output current (single output) 0.4 A
lg Ground current 4.0 A
Piot Total power dissipation (T, = 70°C) 1 w
Tstg: T Storage and junction temperature -65 to 150 °C
BLOCK DIAGRAM
QUTPUTS
1 12 3 4 56 17 8 9 10
YeN nagLe ?
o _1_1_ 12__1@ 14_ 1§ 2_3 4 5 6
Vs
SENSE
v, oata 10 |b l> ___________ |
Ot iNeuT gr.?cct( gugcax ) [c’l.gc% ) gl.oga
1
9
ko O />0r] Dod - o r l—_ J
D Q 7
CLK E——Dos—g‘/oo
5-5013 /1 OUTéUT
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ELECTRICAL CHARACTERISTICS

(Vs =5V, Vg =30V, T,,,=0° to 70°C, unless otherwise

specified)
Parameter Test conditions Min Typ. Max. Unit
Vg Supply voltage 4.75 9.5 \Y
Is Supply current Tamb=25°C | VEN=OV; Vpo=0V 27 40 mA
V=95V | Ven=26V 55 70 | mA
lo = 250 mA (each bit)
Vg External operating supply 40 \Y
voltage
leak Output leakage current Vg =40V Ven= 0V 1 mA
(each output)
vV, Internal clamp voltage I, =03A* Vien= 0V 45 50 65 \
Vcesat Output saturation voltage lo =250 mA Ven= 2.6V 1.6 \%
Vp) Input logic levels Low State (L) 0.8
Verk (pins 1,9, 10) \%
VEN High state (H) 2.6
Ip) Data input current Vp= 2.6V Tamp=70°C 0.3 0.57
- mA
Tamp= 0°C 0.57 0.75
Vpi= 1V Tamp=70°C 220 uA
'CLKT Clock input current VeoLk= 2.6V Tamb= 70°C 0.2 0.33
: mA
Tamp= 0°C 0.33 0.5
Velk= 1V Tamp=70°C 125 uA
lEn Enable input current Ven= 2.6V Tamp=70°C 0.2 0.33
mA
Tamp= 0°C 0.33 05
Ven= 1V Tamb=70°C 125 pA
Rin Input pull-down resistance .
Clock input | Tamp=25C Verw < Vg 8
Enable input | Tamp=25°C Ven < Vg 8 KQ
Data input | T,mp=25°C Vp) < Vg 45
Vbo Output logic levels Low state (L)
(pin 7) Vp= 0V Ipolpin 7)=0 0.01 0.5 \
High state (H)
Vp|= 2.6V 26 3.4 v
Ipo (pin 7) =-0.75 mA
Rpo Output pull-down Vp =0V Vpo=1V 14 Ko
resistance (pin 7)

* Puised: pulse duration = 300us, duty cycle = 2%
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R
PRELIMINARY DATA

DUAL 5V REGULATOR WITH RESET

OUTPUT CURRENTS: Iy, = 300mA
loz = 400mA

FIXED PRECISION OUTPUT VOLTAGE 5V
2%

RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

RESET FUNCiION EXTERNALLY PRO-
GRAMMABLE TIMING

RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

LOW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

LOW QUIESCENT CURRENT (INPUT 1)

INPUT OVERVOLTAGE PROTECTION UP
TO 60V

ABSOLUTE MAXIMUM RATINGS

® RESET OUTPUT HIGH

® OUTPUT TRANSISTORS SOA PROTEC-
TION :

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4901 is a monolithic low drop dual 5V
regulator designed  mainly for supplying micro-
processor systems.

Reset and data save functions during switch on/
off can be realized.

Heptawatt

ORDERING NUMBER: 14901

Vin DC input voltage 24 \
DC operating input voltage 20 \
Transient input overvoltage (t = 40ms) 60 \Y
lo Output current internally limited R
T; Storage and junction temperature -40 to 150 C
BLOCK DIAGRAM
Vi20o T 2 ll REG. 2_,I 5 T O Vo2
DISABLE B
5
THERMAL DELAYED O RESET
PROTECTION RESET 3 OTIMING
E $-776112
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CONNECTION DIAGRAM

(Top view)

~ 3 |[—————> oOuTPUT1
6|[——————————>O0UTPUT2
s|— > RESET
5 GROUND
3|5 DISABLE INPUT
25 TIMING CAPACITOR
VTS INPUT

R | 7
S-784)

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 300mA regulator input.

2 INPUT 2 400mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a 5uA constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged.

4 GND Common ground.

5 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high.

5V
Therefore tgrp = — )it ms) = nF
erefore tgp = C¢ ( 5MA) rp (mMs) = C; (nF)

6 OUTPUT 2 5V - 400mA regulator output. Enabled if Vg 1> Vg
and V|N2 > VlT‘ If Reg. 2 is switched-OFF the C°2
capacitor is discharged.

7 OUTPUT 1 5V - 300mA regulator output with low leakage (in

switch-OFF condition).

THERMAL DATA

Rth J-case

Thermal resistance junction-case

max 4 ‘c/w
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
VRrT Reset threshold voltage Vg2-0.15| 4.9 |Vgo-005| V
VrtH  Reset threshold hysteresis 50 160 mV
VRH Reset output voltage HIGH Ir = 500uA Voa-1 412 Vo2 Vv
VReL Reset output voltage LOW Ir = -5mA 0.25 0.4 \%
trRD Reset pulse delay Cy = 10nF 6 10 14 ms
tq Timing capacitor discharge Cy = 10nF 20 us

time
A—A\LTQ—L— Thermal drift -20°C < Tamp < 140°C -0.8 0.3 +0.8 |mv/°C
2Vop Thermal drift -20°C < Tamp < 140°C -0.8 0.3 +0.8 |[mv/°C
AT
SVR1 Supply voltage rejection f = 100Hz VR =05V 54 84 dB
lo = 100mA

SVR2 Supply voltage rejection 50 80 dB
Tysp  Thermal shut down 150 °c

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is
lowered of 26mV under constant output current condition,

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4901 makes it very easy to
supply such equipments; it provides two voltage
regulators (both 5V high precision) with separ-
ate inputs plus a reset output for the data save
function.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg,
rises to the nominal value.

When the input 2 reaches V|1 and the output 1
is higher than Vpy the output 2 (V,,) switches
on and the reset output (Vg ) also goes high after
a programmable time Tgrp (timing capacitor).

Vo2 and Vg are switched together at low level
when one of the following conditions occurs:

— an input overvoltage

— an overload on the output 1 (Vo; < Vgt);
— a switch off (VIN < VIT - VITH);

and they start again as before when the con-
dition is removed.
An overload on output 2 does not switch Reg. 2
(Vo2 = VR = Vegat: lo2 = lsca) and does not
influence Reg. 1.

The Vy; output features:

— BV internal reference without voltage divider
between the output and the error comparator;

— very low drop series regulator element util-
izing current mirrors;

permit high output impedance and then very
low leakage current error even in power down
condition.

This output may therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery without a
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APPLICATION SUGGESTION (continued)
Fig. 2

‘ B e I M
IN1 1 e 7 guv 1 oD ciggi
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Tz — res2 ° T 2 : RAM
1
c2 to10uF ;
cs Voo
IMF :
OTHER
3 LOGIC
c3 QRsv
10 nF I L4901 |5 RESET out RESET
L
$.7770 1 2

Fig. 3 - P.C. board component layout of fig. 2 (1: 1 scale)
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APPLICATION SUGGESTION (continued)

Fig. 6
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PRELIMINARY DATA

DUAL 5V REGULATOR WITH RESET
AND DISABLE FUNCTIONS

® OUTPUT CURRENTS: Iy; = 300mA ® |INPUT OVERVOLTAGE PROTECTION UP
lo2 = 400mA TO 60V

® FIXED PRECISION OUTPUT VOLTAGE 5V ® OUTPUT TRANSISTORS SOA PROTEC-
+2% TION

® RESET FUNCTION CONTROLLED BY IN- ® SHORT CIRCUIT AND THERMAL OVER-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE LOAD PROTECTION

® RESET FUNCTION EXTERNALLY PRO- The L4902 is a monolithic low drop dual 5V
GRAMMABLE TIMING regulator designed mainly for supplying micro-

processor systems.

® RESET OUTPUT LEVEL RELATED TO Reset and data save functions and remote switch

OUTPUT 2 on/off control can be realized.

® OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

® OQUTPUT 2 DISABLE LOGICAL INPUT

® | OW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

® RESET OUTPUT HIGH

Heptawatt

ORDERING NUMBER: L4902

ABSOLUTE MAXIMUM RATINGS

Vin DC input voltage 24 \
DC operating input voltage 20 v
Transient input overvoltage (t = 40ms) 60 \%

Iy QOutput current internally limited

Tstgr T Storage and junction temperature -40 to 150 °c

BLOCK DIAGRAM

Vi O— T ! - ll REG. 1 IIJ ? T O Vot
- e )T T o
‘ I
D% 3 DISABLE

.

THERMAL DELAYED O RESET
PROTECTION RESET 2 OTIMING

IA 5-7840/3
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CONNECTION DIAGRAM

(Top view)

T, ———— ouTtPUT1
6 |[—————>O0UTPUT2
s(—————> RESET
TS GROUND
1| DISABLE INPUT
2 |[T—————""> TIMING CAPACITOR
[ | ene—— | | V)

— — —m—‘
S-7841

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Regulators common input.

2 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a BuA constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged.

3 Voo DISABLE INPUT A high level (> V1) disable output Reg. 2.

4 GND Common ground.

5 RESET OUTPUT When pin 2 reaches 5V the reset output is switched high.

5V
Therefore trp = Ct (gﬁ' ); trD (ms) = Ct (nF)

6 OUTPUT 2 5V - 400mA regulator output. Enabled if Vg 1> V.
DISABLE INPUT < Vpt and Vi > V7. If Reg. 2 is
switched-OFF the Cq, capacitor is discharged.

7 "OUTPUT 1 5V - 300mA. Low leakage (in switch-OFF condition)
output.

THERMAL DATA

Rith jcase Thermal resistance junction-case max 4 °c/w
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
VRH Reset output voltage HIGH Ir = 500uA Voo-1 4.12 Vo2 \2
VgL Reset output voltage LOW Ir = -BmA 0.25 0.4 \%
trD Reset pulse delay C¢ = 10nF 6 10 14 ms
tq Timing capacitor discharge C¢ = 10nF 20 MS
time
VpoT V2 disable threshold voltage 1.25 24 \
Ip Vo2 disable input current Vp < 04V -100 HA
Vp = 2.4V -2 MA
AVoy Thermal drift 20°C < T, < 140°C 08 | 03 0.8 °
AT - amb =0. E E mv/°C
AY02  Thermal drift 20° ° °
T ermal dri -20°C < Tymp < 140°C -0.8 0.3 0.8 mV/°C
SVR1 Supply voltage rejection f=100Hz VR=05V lo= 100mA 54 84 dB
SVR2 Supply voltage rejection 50 80 dB
Tysp  Thermal shut down 150 °c

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is
lowered of 25mV under constant output current condition.

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4902 makes it very easy to
supply such equipments; it provides two voltage
regulators (both 5V high precision) with common
inputs plus a reset output for the data save func-
tion and a Reg. 2 output disable.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg,
rises to the nominal value.

When the input reaches V|1 and the output 1
is higher than Vit the output 2 (Vg,) switches
on and the reset output (V) also goes high after
a programmable time Trp (timing capacitor).

Vo2 and Vg are switched together at low level
when one of the following conditions occurs:
— a high level (> Vpy) is applied on pin 3;

— an input overvoltage;
— an overload on the output 1 (Vp; < Vgy);
— aswitch off (Vi < Vir - Viry);

and they start again as before when the con-
dition is removed.
An overload on output 2 does not switch Reg. 2
(V02 - VR = VCEsat" Ioz = 'scz) and does not
influence Reg. 1.

The Vo, output features:

— BV internal reference without voltage divider
between the output and the error comparator

— very low drop series regulator element util-
izing current mirrors

permit high output impedance and then very
low leakage current error in power down con-
dition.

This output may therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery without a
separation diode.
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APPLICATION SUGGESTION (continued)

Fig. 2
INY 1 7 outi Voo CMOS
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Fig. 3 - P.C. board and component layout of the circuit of Fig. 2 (1
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APPLICATION SUGGESTION (continued)

Fig. 6 - Quiescent current Fig. 7 - Quiescent current Fig. 8 - Regulator 1 output
vs. output current vs. input voltage current and short circuit
current vs. input voltage
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ADVANCE DATA

DUAL 5V REGULATOR WITH RESET
AND DISABLE FUNCTIONS

OUTPUT CURRENTS: Io; = 50mA
loz = 100mA

FIXED PRECISION OUTPUT VOLTAGE
5V *2%

RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

RESET FUNCTION EXTERNALLY PRO-
GRAMMABLE TIMING

RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

OUTPUT 2 DISABLE LOGICAL INPUT

LOW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

INPUT OVERVOLTAGE PROTECTION UP
TO 60v

ABSOLUTE MAXIMUM ‘RATINGS

® RESET OUTPUT LOW
® OUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4903 is a monolithic low drop dual 5V
regulator designed mainly for supplying micro-
processor systems.

Reset, data save functions and remote switch
on/off control can be realized.

Minidip Plastic

ORDERING NUMBER: L4903

Vin DC input voltage
Vin DC operating input voltage

Transient input overvoltage (t = 40ms)

Piot Power dissipation at T,m, = 50°C
Tetg Tj Storage and junction temperature

24 \

20 \

60 \

1 w

-40 to 150 °Cc

BLOCK DIAGRAM

VitO ! Il REG. 1 ll ] —0 Vo1

Vi2o— z {(Res.2 ', ? O Vo2
y
5
DISO- DISABLE
5 o
THERMAL DELAYED RESET
PROTECTION RESET 13 _or1iminG
i $—9416/ 2

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



CONNECTION DIAGRAM

(Top view)
INPUT 1 5 OUTPUT1
INPUT 2 JOUTPUT 2
TIMING RESET
CAPACITOR OuUTPUT
v
GND ] DISABEé
INPUT
5-9417

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 50mA regulator input.

2 INPUT 2 100mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a BuA constant current. When Reg. 2 is switched-
OFF the delay capacitor is discharged.

4 GND Common ground.

5 Voo DISABLE INPUT A high level (> Vpr) disable output Reg. 2.

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched low.

5V
Therefore tgp = Ct (gm), trD (ms) = C; (nF).

7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Vgr.
DISABLE INPUT < Vpr and V|2 > V. If Reg. 2 is
switched OFF the Cy, capacitor is discharged.

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch-

OFF condition.

THERMAL DATA

Rinj-pin Thermal resistance junction-pin 4

max 70 °c/wW

Rinj-amp  Thermal resistance junction-ambient max 100 °c/W
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min, Typ. Max Unit
VRT Reset threshold voltage No2-04 4.7 Vp2-0.2 \Y
VrTH  Reset threshold hysteresis 50 160 mV
VRrH Reset output voltage HIGH Ir = 500uA Vo2-1 4.12 Vo2 \
VRL Reset output voltage LOW g = -5mA 0.25 0.4 \"
tRD Reset pulse delay Cy = 10nF 6 10 14 ms
tq Timing capacitor discharge C¢ = 10nF 20 us
time
VpT Vo2 disable threshold voltage 1.25 2.4 \
'p V2 disable input current Vp < 04V -100 kA
i Vp = 2.4V -2 BA
AVoy : o o °
Thermal drift -20°C < Tymp < 140°C -0.8 0.3 0.8 mV/°C
AT
Avoz . O O 0,
Thermal drift -20°C < Tymp < 140°C -0.8 0.3 0.8 mV/°C
AT
SVR1 Supply voltage rejection f=100Hz VR=0.5V ly=50mA 54 84 dB
SVR2 Supply voltage rejection Io = 100mA 50 . 80 dB
TysD Thermal shut down 150 °C

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is
lowered of 25mV under constant output current conditions.

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4903 makes it very easy to
supply such equipments; it provides two voltage
regulators (both 5V high precision) with separate
inputs plus a reset output for the data save func-
tion and Reg. 2 output disable.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg, rises
to the nominal value.

When the input 2 reaches V|1 and the output 1
is higher than Vgt the output 2 (Vg,) switches
on and the reset output (Vg) goes low after
a programmable time Tgrp (timing capacitor).

Vg2 is switched at low level and Vg at high level
when one of the following conditions occurs:

— a high level (> Vpt) is applied on pin 5;
an input overvoltage;
— an overload on the output 1 (Vy; < Vpt);

a switch off (Vin <Vt -Vimn);

and they start again as before when the condi-

tion is removed.

An overload on output 2 does not switch Reg. 2.

(Vo2 - VR = Vcesat: loz = Iscz) and does not

influence Reg. 1.

The Vg, output features:

— 5V internal reference without voltage divider
between the output and the error comparator

— very low drop series regulator element util-
izing current mirrors

permit high output impedance and then very
low leakage current error in power down con-
ditions.

This output may therefore be used to supply
¢ircuits continuously, such as volatile RAMs, al-
lowing the use of -a back-up battery without a
separation diode.
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Fig. 3 - Quiescent current
(Reg. 1) vs. output current
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Fig. 4 - Quiescent current
(Reg. 1) vs. input voltage

G-5796/2
ay
(mA)

5230
6 It €5m
s
4
3 /
2 /
1
0 6 9 2 15 1B W (V)

Fig. 6 - Supply voltage re-
jection regulators 1 and 2

vs. input ripple frequence
G-5924/1
(s‘wga) * SVRY) ““
N my I
SVR 2 N
: Il
I
m X
60
I
50
Il
I
10 102 10%  (Hz)ripple

509



ADVANCE DATA

DUAL 5V REGULATOR WITH RESET

® OUTPUT CURRENTS: Iy, 50mA
'oz 100mA

FIXED PRECISION OUTPUT VOLTAGE
5V * 2%

RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

RESET FUNCTION EXTERNALLY PRO-
GRAMMABLE TIMING

RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

LOW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

LOW QUIESCENT CURRENT (INPUT 1)

INPUT OVERVOLTAGE PROTECTION UP
TO 60V

ABSOLUTE MAXIMUM RATINGS

® RESET OUTPUT HIGH

® OUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4904 is a monolithic low drop dual 5V
regulator designed mainly for supplying micro-
processor systems.

Reset and data save functions during switch on/
off can be realized.

Minidip Plastic

ORDERING NUMBER: L4904

ViNn DC input voltage
DC operating input voltage
Transient input overvoltage (t = 40ms)

lo Output current

24
20
60
internally limited

0= <<<

Piot Power dissipation at Tomp = 50°C 1 A
j Storage and junction temperature -40 to 150
BLOCK DIAGRAM
L 4904
8
Vi2o- i 2 REG, 2 7—%_—0 Vo2
DISABLE
‘l 6 _ORESET
THERMAL DELAYED
PROTECTION RESET 3 oTIMING

L

5-941

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

(Top view)
A
INPUT 1 1 g {] outPuT1
INPUT 2 [ 2 7 Jourpurz
TIMING RESET
CAPACITORH 3 6 ] ouTPUT
GND [ 5 ] N.C.
S$-9412

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 50mA regulator input.

2 INPUT 2 100mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a BuA constant current. When Reg. 2 is switched-
OFF the delay capacitor is discharged.

4 GND Common ground.

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high.

5V
Therefore tRD = Ct (5#_A ); tRD (ms) = Ct (nF).

7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Vg
and Vin2 > Vir. If Reg. 2 is switched-OFF the Cop,
capacitor is discharged.

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch-
OFF condition.

THERMAL DATA

Rinjamp  Thermal resistance junction-ambient max 100 °c/W
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max, Unit
VRT Reset threshold voltage Vp2-0.15| 4.9 [Vp-005| V
VRrRTH  Reset threshold hysteresis 50 160 mV
VRH Reset output voltage HIGH Ir = 500uA Vo2 -1 4.12 Vo2
VRL Reset output voltage LOW Ir = -5mA 0.25 0.4
trD Reset pulse delay Cy = 10nF 6 10 14 ms
tq Timing capacitor discharge C¢ = 10nF 20 '
time
AVoy : o o
——=  Thermal drift -20°C < Tamp < 140°C -0.8 0.3 +0.8 |mVv/°C
AT
AVoa : o o
——=- Thermal drift -20°C < Tamp < 140°C -0.8 0.3 +0.8 |mV/°C
AT
SVR1 Supply voltage rejection lo = B0mA 54 84 dB
f = 100Hz
R R VR = 0.5V
SVR2 Supply voltage rejection Io = 100mA 50 80 dB
Tysp  Thermal shut down 150 °c

* Thedropout voltage is defined as the difference between the input and the output voltage when the output voltage is

lowered of 26mV under constant output current condition.

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4904 makes it very easy to
supply such equipments; it provides two voltage
regulators (booth 5V high precision) with separ-
ate inputs plus a reset output for the data save
function.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg,
rises to the nominal value.

When the input 2 reaches V,r and the output 1
is higher than Vgt the output 2 (V,,) switches
on and the reset output (Vg ) also goes high after
a programmable time Tgp (timing capacitor).

Vp2 and Vg are switched together at low level
when one of the following conditions occurs:

— an input overvoltage

— an overload on the output 1 (Vo; < Vgrt);
— aswitch off (Viy < Vi1 - VITH);

and they start again as before when the con-
dition is removed.
An overload on output 2 does not switch Reg. 2
(V02 - VR = Vcesats |°2 = 'scz) and does not
influence Reg. 1.

The Vy; output features:

— BV internal reference without voltage divider
between the output and the error comparator;

— very low drop series regulator element util-
izing current mirrors;

permit high output impedance and then very
low leakage current error in power down con-
dition.

This output may therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery without a
separation diode. The V; regulator also features
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APPLICATION SUGGESTIONS (continued)

Application Circuits of a Microprocessor system (Fig. 2) or with data save battery (Fig. 3). The reset

output provide delayed rising front at the turn-off of the regulator 2.

Fig. 2

Fig. 3

IN1

0.22uF

O
BATTERY

IN2

LIUF

Cr
10nF

— v,
N1 v 8 ouTt ) CMOS
.L —J :L.C°‘ CLOCK
1uF
T Yoo
CMOS
uP WITH
VOLATILE
IN2 2 o3 7 ouT 2 RESET RAM
- qu
l to10uF
v
lpFI I DD
OTHER
3 LOGIC
Cr ! @sv
¢ I L4904 |6 RESET out RESET
&
S-9414
lior<twa y
Mrear e U L0 — Yoo € MOS
L ] 1 CLOCK
T T f L
l BACKUP
BATTERYV P
— ouT2 WITH BATTERY
—{Trec2 oo .
L # 1to10uF BACKU
I I RESET RAM
Vop
OTHER LOGIC
{ L4904 |g ReseT out| RESET Q@ sv
L
S-9415/1
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PRELIMINARY DATA

VERY LOW DROP ADJUSTABLE REGULATOR

® VERY LOW DROP VOLTAGE

® ADJUSTABLE OUTPUT VOLTAGES FROM
1.25V TO 20V

® 400mA OUTPUT CURRENT
® [ OW QUIESCENT CURRENT

® OVERVOLTAGE AND REVERSE VOLT-
AGE PROTECTION

® +60/-60 TRANSIENT PEAK VOLTAGE

® SHORT CIRCUIT PROTECTION WITH
FOLDBACK CHARACTERISTICS

® THERMAL SHUT-DOWN
The L4920 and L4921 are adjustable voltage
regulators with a very low voltage drop (0.4V

typ. at 0.4A), low quiescent current and com-
prehensive on-chip protection.

These devices are protected against load dump

A foldback current limiter protects against load
short circuits.

The output voltage is adjustable through an
external divider from 1.25V to 20V. The mini-
mum operating input voltage is 5.2V.

These regulators are designed for automotive,
industrial and consumer applications where low
consumption is particularly important.

In battery backup and standby applications the
low consumption of these devices extends bat-
tery life.

Pentawatt® Minidip (4 + 4)

ORDERING NUMBERS:

transients of + 60V, input overvoltage, polarity L4920 14921
reversal and over heating.
BLOCK DIAGRAM
INPUT ouTPUT
o- - — —O+
BANDGAP
REFERENCE
PREREGULATOR| AND U Rl
ERROR
J. AMPLIFIER
T ADJUST
—0
DUMP
PROTECTION
DR?
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THERMAL CURRENT
PROTECTION LIMITER
GND
O -
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ELECTRICAL CHARACTERISTICS (For V;, = 144V V, = 5V; T; = 25°C; C = 100uF; R2 =

6.2K$2 unless otherwise noted)

voltage (DC)

Parameter Test Conditions Min. Typ. Max. Unit
Vi Operating input Vo = 4.5V Vo+0.7 26 \2
voltage lo = 400mA
VREF < Vo < 4.5V 5.2 26 \%
lo = 400mA
VREF Reference voltage 5.2V < V; < 26V 1.20 1.25 1.30 \
lo < 400mA (*)
AVg Line regulation Vo+1V <Vi< 26V Vo = 4.5V 1 10 | mV/V,
lo =5mA
AV Load regulation 5mA < 1o < 400mA (*) Vo > 45V 3 15 | mV/V,
Vp Dropout voitage lo = 10mA 0.05 \%
lo = 160mA 0.2 0.4 \%
lo = 400mA 0.4 0.7 \
I Quiescent current lo = OmA
Vo +1V < Vi< 26V 0.8 3 mA
lo = 400mA (*)
Vo + 1V < V;< 26V 65 100 mA
lo Maximum output 650 900 mA
current
losc Short circuit output 200 350 500 mA
current (*)
VR Reverse polarity input | Vo > -1.5V R < 5008 -18 \%

(*) Foldback protection
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ADVANCE DATA

VERY LOW DROP 1A REGULATOR

® PRECISE 5V OUTPUT (+2%) current capability IC particularly useful in ap-
plications such as battery powered systems
* k?V‘GAD)ROPOUT VOLTAGE (450mV TYP. where power dissipation is a design constraint.
VERY LOW QUIESCENT CURRENT Standard regulator features such as thermal shut
down, current limiter and overvoltage protec-

THERMAL SHUT DOWN tion are also provided.

SHORT CIRCUIT CURRENT LIMITER
OVERVOLTAGE PROTECTION
REVERSE POLARITY PROTECTION

TO-220

The L4941 is a very low input/output voltage
drop, low quiescent current and high output

ORDERING NUMBER: L4941BV

BLOCK DIAGRAM

N ouT
O ' O
i — x s
BAND-GAP
PREREG . |
AEF. >
[ P. ANTISAT.
AMP
CIACUIT
PROTECT LJ]
L
5-9474 GND 02

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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ELECTRICAL CHARACTERISTICS (v, = 14V, T; = 25°C)

lo = 10mA

Parameter Test Conditions Min. Typ. Max. Unit
Vo Qutput voltage lo =8mA 4.9 5 5.1
Vo Output voltage Vi =6V to 14V 4.8 5 5.2
lo=5mAto 1A
Vi Operating input voltage (*) See note 16 \%
Vo Line regulation 6V < V; < 16V lo = 5mA 5 25 mV
Vo Load regulation lo =50mA to 1A 15 35 mV
Ig Quiescent current 6V < V; < 16V lo =5mA 3.5 10
lo=1A 20 50 mA
Vi-Vo Dropout voltage lo=1A 450 700
lo = 100mA 150 250 m
AVo/AT  Output voltage drift 0.6 mV/°C
SVR Supply voltage rejection f=120Hz 60 dB
lo=1A
lo Current limit 1.3 A
Zo Qutput impedance lo = 200mA 30 mQ
f=120Hz
ENn Output noise voltage f = 100Hz to 100KHz 100 uV
rms

(*) 'For a DC input voltage 16V < V; < 40V the device is not operating

525




APPLICATION INFORMATION

Fig. 8 - Distributed supply with on-card L4941 low-drop regulators

HIGH POWER
PREREGULATOR

L

Advantages of this application are:
— Card isolation

6v

— Thermal and short-circuit protection

— High efficiency (80%), like switching regula-
tors, but without radiation and intermodula-

tion problems

L4941

-Osv

4

Hi

HH=  Hie

L4941 TOSV
I I
-‘L L4941 L O 5v
I I I ..
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ThE ek
PRELIMINARY DATA

2.5A POWER SWITCHING

2.5A OUTPUT CURRENT

5.1V TO 40V OUTPUT VOLTAGE RANGE
PRECISE (+ 2% ) ON-CHIP REFERENCE
HIGH SWITCHING FREQUENCY

VERY HIGH EFFICIENCY (UP TO 90%)
VERY FEW EXTERNAL COMPONENTS
SOFT START

INTERNAL LIMITING CURRENT
THERMAL SHUTDOWN

The L4960 is a monolithic power switching
regulator delivering 2.5A at a voltage variable
from 5V to 40V in step down configuration.

Features of the device include current limiting,

ABSOLUTE MAXIMUM RATINGS

REGULATOR

soft start, thermal protection and 0 to 100%
duty cycle for continuous operation mode.

The L4960 is mounted in a Heptawatt plastic
power package and requires very few external
components.

Efficient operation at switching frequencies
up to 150KHz allows a reduction in the size
and cost of external filter components.

Heptawatt

ORDERING NUMBER: L4960 (Vertical)

L4960H (Horizontal)

Vi Input voltage 50 \%
Vi - Vg Input to output voltage difference 50 \%
Vs, Negative output DC voltage -1 \%

Negative output peak voltage at t = 0.1us; f = 100KHz -5 \%
Vs, Vg Voltage at pin 3 and 6 5.5 \%
Vs, Voltage at pin 2 7 \
I3 Pin 3 sink current 1 mA
Is Pin 5 source current 20 mA
Piot Power dissipation at T, < 90°C 15 W
Tpr Teig Junction and storage temperature -40 to 150 C
BLOCK DIAGRAM Tvi

L4960
l"lo?!.'li’i’lznl come
J- Q ouTPUT 7 A Z—?
I STAGE i .—L.
E _ _ AM?I 2
I, g
é’é%zv R a Yo l
1
D
I 3 ‘
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T = 25°C, V, = 35V, unless

otherwise specified)

Parameter Test Conditions Min, | Typ. | Max. | Unit
DYNAMIC CHARACTERISTICS
Vo Output voltage range V; =46V lo=1A Vet 40 \
Vi Input voltage range Vo = Vyes to 36V lo=25A 9 46 \
AV, Line regulation Vi=10V t0 40V Vo =Vies 1o =1A 15 50 mV
AVg - Load regulation Vo = Vyes lo = 0.5A to 2A 10 30 mV
Vief Internal reference voltage V=9V to 46V lo=1A 5 5.1 5.2 \
(pin 2)
AVies  Average temperature T;=0°C to 125°C 0.4 mv/°C
AT coefficient of refer. voltage | I =1A ,
Vg4 Dropout voltage lo =2A 1.4 3 A%
lom Maximum operating load V=9V to 46V 25 A
current Vo = Vyes to 36V
70 Current limiting threshold V=9V to 46V 3 4.5 A
(pin 7) Vo = Vet to 36V
IsH Input average current V| =46V; output short-circuit 30 60 mA
n Efficiency f = 100KHz Vo = Vief 75 %
lo=2A Vo =12V 85 %
SVR Supply voltage ripple AV =2Vyms 50 56 dB
rejection fripple = 100Hz
Vo = Vet lo=1A
f Switching frequency 85 100 115 KHz
Af Voltage stability of V| =9V to 46V 05 %
AV, switching frequency
Af Temperature stability of T;=0°C to 125°C 1 %
ﬁ switching frequency
fmax Maximum operating Vo = Vet Io =2A 120 150 KHz
switching frequency
Ted Thermal shutdown 150 °c
junction temperature
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CIRCUIT OPERATION (refer to the block diagram)

The L4960 is a monolithic stepdown switching
regulator providing output voltages from 5.1V
to 40V and delivering 2.5A.

The regulation loop consists of a sawtooth oscil-
lator, error amplifier, comparator and the output
stage. An error signal is produced by comparing
the output voltage with a precise 5.1V on-chip
reference (zener zap trimmed to * 2%).

This error signal is then compared with the saw-
tooth signal to generate the fixed frequency
pulse width modulated pulses which drive the
output stage.

The gain and frequency stability of the loop can
be adjusted by an external RC network con-
nected to pin 3. Closing the loop directly gives
an output voltage of 5.1V. Higher voltages are
obtained by inserting a voltage divider.

Qutput overcurrents at switch on are prevented
by the soft start function. The error amplifier
output is initially clamped by the external capa-

Fig. 1 - Soft start waveforms

OSCILLATOR
ouTPUT

NOMINAL
ERROR AMP —»
QuTPUT

citor Ci and allowed to rise, linearly, as this
capacitor is charged by a constant current source.
Output overload protection is provided in the
form of a current limiter. The load current is
sensed by an internal metal resistor connected to
a comparator. When the load current exceeds a
preset threshold” this comparator sets a flip flop
which disables the output stage and discharges
the soft start capacitor. A second comparator
resets the flip flop when the voltage across the
soft start capacitor has fallen to 0.4V.

The output stage is thus re-enabled and the out-
put voltage rises under control of the soft start
network. If the overload condition is still present
the limiter will trigger again when the threshold
current is reached. The average short circuit cur-
rent is limited to a safe value by the dead time
introduced by the soft st