




















































































































































































































































































































































































Non-destructive Bond Pull 
Method 2023 

100% 

Internal Visual 
fIIletl10cl 2IJ1(), test condition A 

100% 

Stabilization Bake 

100% 

Temperature Cycling 
Method 1010, test condition C 

100% 

Constant Acceleration 
Method 2001, test condition E (min) 

Y1 orientation only 
100% 

Stabilization Bake 

100% 

Temperature Cycling 
�~�~�e�t�h�o�,�j� 1011), test condition C 

100% 

Constant Acceleration 
Method 2001, test condition E (min) 

Y1 orientation only 
100% 
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Final Electrical Tests 
(a) Static tests: 
(1) 25°C (Subgroup 1, table I, 5005) 
(2) Max & min rated operating temp 
(Subgroups 2, 3, table I, 5005) 

(8) Dynamic or functional tests 
(1) 25°C (Subgroup 4 or 7, table I method 
5005) 
(2) Minimum and maximum rated operating 
temperature 
(Subgroups 5 and 6, or 8 table I 
method' 5005) 
(c) Switching tests at 25°C 
(Subgroup 9, table I method 5005) 

Seal: (a) Fine (b) Gross 
Method 1014 

100% 

Radiographic 
Method 2012, two views 

100% 

Qualification or Quality Conformance 
Inspection Test Sample Selection 

Method 5005, per applicable device spec 
All Lots 

External Visual 
Method 2009 

Final Electrical Tests 
(a) Static tests: 
(1) 25°C (Subgroup 1, table I, 5005) 
(2) Max & min rated operating temp, 
(Subgroups 2, 3, table I, 5005) 

(8) Dynamic or functional tests 
(1) 25°C (Subgroup 4 or 7, table I method 
5005) 
(2) Minimum and maximum rated operating 
temperature 
(Subgroups 5 and 6, or 8 table I 
method 5005) 
(c) Switching tests at 25°C 
(Subgroup 9, table I method 5005) 

Qualification or Quality Conformance 
Inspection Test Sample Selection 

Method 5005, per applicable device spec 
All Lots 



" MILITARY PRODUCTS 

1) BS 9430 . Voltage Regulators Voltage Regulators Contd Voltage Regulators Contd 

IP117K F0394 (0119) IP150AK F0597 IP1R18K F0876 

IP117R F0401 IP120K/7900K F0604 IP1R17K F0904 

iP117G F0772 IP120R F0611 IP1R17G T.B.A 

IP117HVK F0408 IP120AK F0618 IP145K F0149 

IP117HVR F0415 IP120AR F0625 IP109K F0039 

IP117HVG F0779 IP120MH F0632 IP109H F0031 

IP117AK F0422 IP120MR F0639 2) BS 9493 . PWMs & Supervisory Circuits 

IP117AR F0429 IP120MAH F0646 IP1P125J F0094 

IP117AG F0786 IP120MAR F0653 IP1060BJ F0113 

IP117AHVK F0436 IP137K F0660 (0389) IP1524J F0120 

IP117AHVR F0443 IP137R F0667 IP1524BJ F0087 

IP117AHVG F0793 IP137G F0800 IP1525AJ F0127 

IP117MHVR F0471 IP137HVK F0674 IP1526J F0134 

IP117MAH F0478 IP137HVR F0681 IP1526AJ F0141 

IP117MAR F0485 IP137HVG F0814 IP1527AJ F0148 

IP117MAHVH F0492 IP137AK F0688 IP1543J F0196 

IP117MAHVR F0499 IP137AR F0695 IP1842J F0155 

IP123K F0506 IP137AG F0807 IP1843J F0162 

IP123AK F0513 IP137AHVK F0702 IP1844J F0245 

IP138K F0520 IP137AHVR F0709 IP1845J F0252 

IP138AK F0527 IP137AHVG F0821 IP5560J F0169 

IP140K/7800K F0534 (0102) IP137MH F0716 (0386) IP5561J F0175 

IP140R F0541 IP137MR F0723 IP35063J F0187 

IP140AK F0548 (0107) IP137MHVH F0730 

IP140AR F0555 IP137MHVR F0737 

IP140MH F0562 IP137MAH F0744 

IP140MR F0569 IP137MAR F0751 

IP140MAH F0576 IP137MAHVH F0758 

IP140MAR F0583 IP137MAHVR F0765 

IP150K F0590 (0360) IP1R19K F0828 

(Note figures in brackets are existing specification numbers and are available from Seagate Microelectronics.) 
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DEVICE MIL. DRWG. STATUS 

I P117H/883B 7703401 XX APPROVED 
I P117K1883B 7703401YX APPROVED 
IP117R/883B 7703401ZX APPROVED 

IP117HVH 773402XX APPROVED 
I P117HVKl883B 773402YX APPROVED 
I P117HVR/883B 773402ZX CAN BE ADDED 

IP137H/883B 773403XX APPROVED 
IP137K/883B 7703403YX APPROVED 
IP137R/883B 7703403ZX APPROVED 

I P137HVH/883B 7703404XX APPROVED 
I P137HVKl883B 7703404YX APPROVED 
I P137HVR/883B 7703404ZX CAN BE ADDED 

IP117AH/883B 773405XX APPROVED 
I P117AKl883B 773405YX APPROVED 
IP117ARl883B 773405ZX APPROVED 

IP137AH/883B 773406XX APPROVED 
IP137AKl883B 7703406YX APPROVED 
IP137ARl883B 7703406ZX APPROVED 

IP117AHVH/883B 7703407XX APPROVED 
I P 117 AHVKl883B 7703407YX APPROVED 
IP117AHVR/883B 7703407ZX CAN BE ADDED 

I P137 AHVH/883B 7703408XX APPROVED 
I P137 AHVKl883B 7703408YX APPROVED 
IP137AHVR/883B 7703408XX CAN BE ADDED 

IP117G/883B 7703401TX APPROVED 
I P117HVG/883B 7703402TX APPROVED 
IP137G/883B 7703403TX APPROVED 
I P137HVG/883B 7703404TX APPROVED 
IP117AG/883B 7703405TX APPROVED 
IP137AG/883B 7703406TX APPROVED 
IP117AHVG/883B 7703407TX APPROVED 
IP137AHVG/883B 7703408TX APPROVED 

I P123K-5/883B 5962-8777501 YX APPROVED 
I P123K-12/883B 5962-8777502YX CAN BE ADDED 
IP123R-15/883B 5962-8777503YX CAN BE ADD(:D 
I P123AK-5/883B 5962-8777504YX CAN BE ADDED 
IP123AK-12/883B 5962-8777505YX CAN BE ADDED 
IP123AK-15/883B 5962-8777506YX CAN BE ADDED 

NOTE: Please contact factory for current status. 
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DEVICE MIL DRWG. STATUS 

IP150Kl883B 5962-8767501 XX APPROVED 
I P150AKl883B 5962-8767502XX APPROVED 

I P78M05AH/883B 5962-8778201 XX APPROVED 
I P7805AKl883B 5962-8778201YX APPROVED 
I P7805AR/883B 5962-8778201ZX APPROVED 
I P7805AG/883B 5962-8778201TX APPROVED 

I P78M 12AH/883B 5962-8777601 XX APPROVED 
I P7812AKl883B 5962-8777601 YX APPROVED 
I P7812ARl883B 5962-8777601 ZX APPROVED 

I P78M 15AH/883B 5962-8855301 XX APPROVED 
I P7815AKl883B 5962-8855301 YX APPROVED 
I P7815ARl883B 5962-8855301ZX APPROVED 
I P7815AG/883B 5962-8855301 TX APPROVED 

I P79M05AH/883B 5962-8874601 XX IN DESC IN PROGRESS 
I P7905AKl883B 5962-8874601YX IN DESC IN PROGRESS 
I P7905AR/883B 5962-8874601ZX IN DESC IN PROGRESS 
I P7905AG/883B 5962-8874601TX IN DESC IN PROGRESS 

I P79M12AH/883B 5962-8874701 XX APPROVED 
I P7912AKl883B 5962-8874701YX APPROVED 
IP7912AR/883B 5962-8874701 ZX APPROVED 
I P7912AG/883B 5962-8874701TX APPROVED 
IP79AIG/883B 5962-8874701UX APPROVED 

I P79M 15AH/883B 5962-8874801 XX APPROVED 
I P7915AKl883B 5962-8874801 YX APPROVED 
IP7915ARl883B 5962-8874801ZX APPROVED 
IP7915AG/883B 5962-8874801TX APPROVED 
I P7915AIG/883B 5962-8874801 UX APPROVED 

LM109K1883B 5962-8777401 YX IN DESC IN PROGRESS 

I P 1524J/883B 7802801 EX APPROVED 

IP1524BJ/883B 5962-87645 APPROVED 

IP1526J/883B 5962-8551501VX APPROVED 
I P 1526AJ/883B 5962-8551502VX APPROVED 

I P 1842J/883B 5962-8670401 PX APPROVED 
IP1843J/883B 5962-8670402PX APPROVED 
I P1844J/883B 5962-8670403PX APPROVED 
IP1845J/883B 5962-867040PX APPROVED 

IP5560J/883B 5962-8672201 EX APPROVED 

I P 1543J/883B 

NOTE: Please contact factory for current status. 

189 
._---_. __ . __ ....... _----_. 



This page intentionally left blank 

190 





192 

c5S» Seagate Microelectronics Limited 

APPLICA TIONS INFORMA TION 

The IP1525A/27A pulse width modulators are 
an improved family of switch mode power supply 
control integrated circuits. They are pin for pin 
compatible with the UC/SG1525A, UC/SG1527A 
families. 

The optimized chip design exhibits significant 
benefits in the following areas: 
• Crossover current reduction 
• Lower power consumption 
• Oscillator frequencies up to 500 kHz 
• Increased reliability and improved 

performance over the entire operating 
temperature range. 

+VIN 150---"-1 

GROUND 12 0------4 

SYNC 3 0------, 
RT 6 o----f-....... ...., 

DISCHARGE 7 

COMPENSATION 9 0--=---_ ...... -4 
INV INPUT 1 

NIINPUT 2 

SOFT START 8 00---""'--..... -( 

SHUT DOWN 10 o--C:J-+-I( 

These PWM integrated circuits contain all four 
basic control elements: voltage reference, 
oscillator, error amplifier, and pulse width 
modulator. Additional functions provided are: low 
impedance drive, undervoltage lockout, soft start, 
logic compatible shut down, multiple pulse 
suppression and external oscillator 
synch ron ization. 

r----------Vc---------j 
I 13 I 
I I 
I I 

: "JLi ~--~~~~~ I 

I 
I 
I 
I 
I 
I 
I 

14~i 
I 
I 
I 
I 
I I _ I 

L ____ ~~~~E~~~~~t~ ____ J 
I I 
I I 
I I 
I I 

: "lJi 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I OUTP:qJ i 
I 
I 
I 

L ____ ~!2~~£~!~T~!~~ ____ J 

Figure 1: Block Diagram of the IP1525A/27A 



The on-chip + 5. 1V bandgap reference is 
trimmed to j- 1 % accuracy. It is essentially a 
temperature compensated, short circuit protected 
linear regulator. 

VREF supplies power to most of the internal 
circuitry and is also available for external use at pin 
16. If currents above 20 mA are needed, figure 2 
shows a configuration that uses an external PNP 
transistor. In applications with high system noise 
or non optimal layout VREF should be decoupled 
with a 100nF ceramic capacitor. 

+VIN 10 ~ 40V 

+5.1V 

Figure 2: High Current Reference Regulator 

The oscillator circuit consists of a current 
source, programmable via RT, a timing capacitor 
(CT), a comparator, and a discharge transistor. 

The oscillator circuit consists of a current 
source, programmable via RT, a timing capacitor 
(CT), a comparator, and a discharge transistor. 

The voltage present at pin 6 (RT) is 
approximately + 3.6V. The current that flows 
through the timing resistor RT is mirrored internally 
and made available to charge the timing capacitor 
CT This constant current charging of CT produces 
a linear ramp voltage. When the ramp reaches 
3.5 V. The comparator changes state: the 
discharge transistor is turned ON, CT is discharged 
toward ground through RO, and the output on pin 
4 becomes high. When the voltage across CT 
reaches O.g V, the comparator again changes 
state: pin 4 becomes low and the cycle is repeated. 
An external resistor RO, modifies the discharge 
time. In doing so, it increases the clock pulse width 
and the dead time. RO can be as high as RT/15 
(see Figure 4). For minimum dead time, pins 5 and 
7 are connected together. 

Figure 4: Oscillator Discharge Times 
vs. RD and CT 

00500 r-~~~~~~~-.~~ 
:;; 
I 
o 
I 4001------+-+ 

(3 
~ 
a: 300 J--+-f-FtJr-:=J-
o 
t;; 
~ 2001------+~~~~~~~~~ 
a: 
LU 
:;; 
~ 1001------+~~~~~~-+-+~ 
« 
LU 
o 

5 10 20 50 100 200 

DISCHARGE TIME - MICROSECONDS 

The saw tooth waveform generated at pin 5 
is used at the pulse width modulator. The narrow 
clock pulses available at pin 4 are used for the 
following functions: 
1. Blanking pulses for both outputs. 

~~T~~& 2. Reset to the latch that follows the pulse 

Figure 3: Oscillator 

DRIVERS width modulator. 
3. Sync pulses for external circuits. 

The SYNC input can be used to synchronize 
multiple controllers to a single clock source. A 
positive TTL level at pin 3 will override the internal 
comparator and initiate a discharge cycle in the 
oscillator. The free running oscillator frequency 
should be set to 10% to 20% lower than that of 
the master clock, so that the external SYNC pulse 
will initiate the discharge cycle before the internal 

(J§}0mpa,"lm chaoges ;t's slale 
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Switching frequency, the rate at which every 
power switch in the circuit goes through a complete 
cycle, determines size, weight, efficiency, and cost 
of the finished power supply. 

Within the usual design range, the power 
density or power to volume ratio increases with the 
frequency. The size and weight of the magnetic 
and filtering elements are reduced when the 
frequency increases. Projected densities of 2.5 
W/in3 at 20 kHz approach 10 W/in3 at 200 kHz 
and 51 W/i n3 at 1 MHz. For these reasons and 
thanks to the advent of power MOSFETs, new 
designs at higher frequencies are now more 
practical. The IP1525A/27 A have useful oscillator 
frequencies up to 500 kHz. 

Three possible connections to the error 
amplifier are shown in Figure 5. For output voltages 
above + 5.1 V, the amplifier can operate at a 
common mode voltage up to VIN-2V. For 
negative output voltages, the feedback network is 
returned to VREF and the common mode voltage 
VI should be no lower than 1.5V. 

R1 

R2 

R1 

FEEDBACK 
r----,;".;;.;;,;;;,,;;....,;;. ..... --c::. VOUT > OV 

= 

___ ..... F,;;.EE~D;,,;B;;.A..;.C_K __ -<.VOUT > VREF 

R1 

FEEDBACK L.... __ ;;.;.. ____ -< VOUT < OV 

Figure 5: Error Amplifier Connections 

Positive or negative power supply voltages 
can be regulated by varying the reference node 
of the feedback network. 

The transconductance amplifier has a typical 
output impedance of 6MO, with a single pole at 
200 Hz. The open loop voltage gain is about 
10,000 (80d8) and can be reduced by a shunt 
impedance from pin 9 to ground. Figure 6 shows 
how the open loop pole may be shifted by adding 
a compensation capacitor Cpo In those cases 
where a two pole LC output filter is used, it may 
be necessary to compensate for the two pole roll­
off. This can be done by inserting a zero through 
the addition of RZ. 

Figure 6: Error Amplifier Open-loop 
Frequency Response 

80 
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60 
I 

z « 40 (!J 

w 
(!J 
<{ 20 :; 
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10 100 

FREQUENCY - HERTZ 



Several forms of compensation networks are 
shown on Figure 7 (a), (b) and (c). If the feedback 
network is a low impedance, the output buffer 
circuit of Figure 7 (d) may be used. 

C1 

IN o--r~"""''''''--''''-I 
>-""--0 OUT 

Figure 7(a): Type 1 Amplifier Schematic 

C2 

GAIN 
(dB) 

I __ 1 __ 
I 1 = 2 It R1 C1 PHASE 

(deg) 

I--------'~-----_; 0 

- 90 

- 180 

PHASE - 270 

Type 1: Amplifier Transfer Function 

GAIN 
(dB) 

: 11_-=---=1 -::-::-:­
I 2ltR2C1 

I 

112=_1 __ PHASE 
: 2 It R2C2 (deg) 

R2 C1 
AV1 =~-­

R1 

GAIN o 

Ol-----------~,...____t o 
R1 

- 90 
~-... -_DOUT 

Rbias 
- 180 

Vrel 

Figure 7(b): Type 2 Amplifier Schematic Type 2: Amplifier Transfer Function 
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Rl 

1No-.... --£=:Jf-.... - ....... 

Rbias 

V,el 

>-""--0 OUT 

O~----~~~----~~~ 
Avl- -

Avl = =~ 

Av2 "" =~ 

Iz 1 = -----1-
2n; R2Cl 

Iz2'" 1 
2n; R1C3 

o 'Pl =_1_ 
2n; R3C3 

_ 90 Ip2=~ 
2n; R2C2 

- laO 

- 270 

Figure 7(c): Type 3 Amplifier Schematic Type 3: Amplifier Transfer Function 

+Vs 

IN 

~-----.~==~-.-~~OUT 

Figure 7(d): Driving a Low Impedance Feedback Network 
with an External Buffer 

The error amplifier is powered by + VIN. Its Figure 8 illustrates the relationship between the 
output, however, is limited to 5.7 V by an internal PWM duty cycle and the error amplifier output 
PNP clamp connected from pin 9 to VREF. voltage. 

DUTY 
CYCLE 

% 

-10 

80 

60 

40 

20 

0 
___ 1_2_3_4_5_6_.7 __ 

Vg (VOLTS) 

Figure 8: PWM Duty Cycle vs. Error 
Amplifier Output Voltage 



APPLICA TIONS INFORM A TION 

This circuit generates the width modulated 
pulses by comparing the ramp and error voltage 
signals, Fig. g. 

~V5 

CT(55)-----..., 

COMPENSATION ---V9 

9 

TO SHUTDOWN 
CIRCUIT 

.>-_.....;vJL 

I I 
1 I 

~O 
I • I I 
I I I I 

1/1 1/1 V. P. t.- v5 
I I 1 Vg 

Figure 9: PWM Comparator 

Pulse width is controlled by the crossing points 
of the error voltage with respect to the ramp. When 
Vg is less than V5, the comparator output is low. 
When Vg is greater than V5, the comparator output 
is high. 

Low impedance, fast transition drive with 
minimal dissipation is prerequisite for high 
frequency power switching. Simultaneous 
conduction of the source and sink transistors in a 
totem-pole configuration contributes to system 
losses and necessitates additional decoupling and 
current limiting. 

The output stage of the IP1525A/27A exhibits 
a 500 mA peak drive capability without conduction 
overlap providing effective drive up to 500 kHz. 
The saturation characteristic of the output driver 
is shown in Fig. 10. 

(f) 
I­
-' , 
o 
> 

w 
<.9 
<l: 
I­
-' o 

.' 

VIN ~ 20~ 
1 'A 2"oC 

VI 
> ? 

/~ 
z 
o 
i= I-l ~ I--" ~RCFSAT Vc VOH 

<l: , 

~V 
a: 
:::) 
I­
<l: 
(f) I--~ SINK SAT VOL 

01 02 03 O~ O~ 07 10 J ,1) ! lA 

OUTPUT CURRENT. SOURCE OR SINK -AMPS 

(VOH - VOUT HIGH VOL - VOUT LOW) 

Figure 10: IP1525A Output Saturation 
Characteristics 

Two output polarities are available. In the 
1525A the output is high during the ON state, 
suitable for direct drive of grounded source power 
FET's. Alternatively the 1527 A output is high during 
OFF state, meeting the requirements of 
proportional base drive circuits. 

Figures 10(a), (b), (c) and (d), illustrate a 
number of output drive configurations. The power 
FET options include series current limiting and 
schottky clamp diodes, protection against output 
ringing. 

+ VSUPPL Y 

• RETURN 

TO OUTPUT 
,-----FIL TER 

11 

IP1525A 

14 

= 

Figure 10(a): Single Ended Supply 

197 



VSUPPL Y 

11 

IP1525A 

14 

RETURN 

APPLICA TIONS INFORMA TIDN 

C1 

T1 

~--I----.. 

RETURN 

Figure 10(b): Bipolar Push Pull Supply Figure 10(c): Power Fet Push-Pull Supply 

+ VSUPPL Y 

RETURN 

R1 

At-o,--C:::::J~ 
11 

IP1525A 

GND 

12 

B I--~~ ...... _r-, 
14 

Figure 10(d): Driving Gate Drive Transformers 
Directly 

C2 

C3 

The dead time is that portion of each clock 
The PWM logic ensures that single pulses period when, at maximum duty cycle, both outputs 

reach alternate outputs within each switching are maintained OFF. This is necessary to prevent 
penod. This occurs regardless of the action of the destructive crossover currents, which could occur 
shutdown circuit or compensation node pull-down if two totem pole power switches were ON 
utilized in pulse by pulse current limiting simultaneously. 
techniques. This feature is critical in push-pull The IP1525A/27A have a minimum built in 
converters where two output pulses in succession dead time of 500 ns which allows usable duty 
on one driver would cause power transformer cycles up to 90% at 200 kHz. A resistor (up to 
saturation and consequent failure of the power RT/15), connected between pins 5 and 7, provides 
devices. dead time adjustment. Figure 11 shows the effect 

of dead time on maximum output pulse width. 
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Figure 11: Effect of Dead Time on 
Output Pulse Dynamic Range 

Controlled power supply turn ON is provided 
by the SOFT-START circuit. This feature sets a duty 
cycle that gradually increases from zero to the 
value called for by the error amplifier. The output 
voltage, therefore, ramps to its nominal value 
minimising overshoot without creating a sudden 
current in-rush that could cause overstressing of 
the rectifiers and saturation of the magnetic 
components. 

50 ~A 

VREF 

SHUT 1ftlI....r-'"L..o_.T 
DOWN 

5K 

Figure 12: Soft-Start and Shut Down Circuits 

An external capacitor Cs provides the timing 
element for the soft start cycle. This capacitor is 
charged via an internal 50 ~ A current source to 
approximately 4.4V. 

The turn ON time can be calculated from the 
time required to charge Cs to 3.5V (full duty cycle) 
with 50 ~A. 

Cs x 3.5 V Cs (u F) 
Turn ON Time = -- (s) 

50~A 14.3 
The softstart capacitor is discharged 

automatically during power down or when a 
shutdown signal is received. 

The under voltage (UV) lockout circuit monitors 
the reference voltage (VREF) with an accurate and 
stable comparator which holds the output stages 
low in the IP1525A (High in the IP1527A). In 
addition the soft start capacitor is maintained in a 
discharged condition. 

Once the reference voltage reaches 4.9V, 
corresponding to a supply voltage of 6.7V, the soft 
start is initiated. The UV lockout exhibits 300 mV 
of hysteresis to eliminate jitter at threashold of turn 
on. Monitoring VREF (as opposed to VIN) is 
especially significant when the voltage reference 
has to source current into a discharged decoupling 
capacitor. 

The shutdown pin provides a convenient port 
for protective functions and converter sequencing. 
During steady state operation if the voltage on Pin 
10 exceeds logic 1 three things happen. The 
output drivers are disabled within 100 ns, the PWM 
latch is set for the remainder of the switching period 
and the soft start capacitor is discharged by a 
150 )J A current source. 

In case of an overload condition, it is desirable 
to protect the power supply by limiting its output 
current. This can be done in two ways: linearly and 
digitally. 
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APPLICA TIONS INFORMA TION 

Linear current limiting will reduce the output 
voltage if the current demand becomes excessive. 
The high output impedance of the error amplifier 
allows a voltage clamp, Figure 13 (a), to limit the 
duty cycle. This, in turn, will limit the current 
delivered to the load. 

The circuit of Figure 13 (b) uses a voltage 

(a) 

5 K 

(b) 

(-) RETURN 

comparator to sense current in the ground return 
loop. When an overload occurs, it clamps pin 9 
to a predetermined level and limits the duty cycle 
and the output current. 

If desired the circuits of Figure 13 can also be 
used to clamp pin 8 for an equivalent width limiting 
effect. 

RS 

+ 

IS 

Figure 13: Linear Current Limiting 



(a) 

2.2K S.D. 

lK 

(_)RETURN.~ ____ ~ ________ R_S<===.3~O __ ~~ ____ -{) 

.. 
Is 

Figure 14: Digital Current Limiting 

Digital or pulse by pulse current limiting will 
shut the output voltage OFF when a fault is sensed. 
The circuit of Figure 14 (a) uses the error amplifier 
output level as a duty cycle indicator. When the 
duty cycle exceeds a predetermined maximum, 
the shut down circuit is activated. In Figure 14 (b) 
the comparator output goes high when an overload 
is sensed and generates a shutdown signal for pin 
10. Alternatively an open collector comparator or 
transistor can be used to pull down the 
compensation node, Pin 9, this sets the PWM latch, 
turning off both outputs. The outputs remain 
inactive, once the fault condition has ceased, until 

--~---. ~---. ~~~-

the clock pulse resets the PWM latch, thus 
achieving pulse by pulse protection. 

The switch-mode environment demands 
control devices that include comprehensive 
protection and realistic drive capability in addition 
to the basic pulse width modulation function. The 
IP1525A/27A family of regulating pulse width 
modulators meets th is demand without 
compromising system reliability or performance. 
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c5S9 Seal/ate Microelectronics Limited 

As switch mode technology matures, driven 
by tighter specification and escalating power 
density requirements, the proportion of overall 
system losses contributed by post regulation has 
become significant. Whilst advances in switching 
regulator and magnetic amplifier techniques have 
minimised this inefficiency at high power, losses 
incurred in linear post regulation remain 
unacceptable. 

The IP1 R07 A represents a timely advance in 
linear regulator design, specifically meeting switch 
mode power supply secondary regulation 
requirements. 

Conventional three terminal regulators are 
inefficient power processors. Power dissipation in 
a linear regulator is given by the expression. 

Po = 10 (VIN - VOUT) 
The majority of monolithic voltage regulators 

require an input to output voltage differential 
(dropout) of 2-3V (6-9'vV dissipation at 3A and 
minimum line). Analysis of the existing techniques 
for low power secondary regulation highlights the 
requirement for efficient linear regulation in the 1 A 
to 3A range. The IP1 R07 A linear post regulator 
fulfils this demand. 

A block diagram of the IP1 R07A is shown in 
figure 1 . 

..... ______ .... ___ -o~~~~ROL 

........... _ .. 

CURRENT 
LIMIT 

SENSE 
RESISTOR 

L-_ .... ---..... ------..... --oOUTPUT 

L-------------------oADJUST 

Figure 1: Block Diagram of the IP1R07A 

High efficiency is achieved by separating the 
collectors of the internal Darlington transistor pair 
into control and power inputs, respectively, 
exploiting the low saturation voltage of the power 
device. The typical drop out voltage at 3A realised 
with this technique is O.8V (2.4W dissipation at 
minimum line). 

In addition to reduced power dissipation the 
IP1 R07 A exhibits excellent line and load regulation, 
comprehensive internal protection and an initial ± 
1 % output voltage tolerance. 

The IP1 R07A is compared with contemporary 
solutions to linear post regulation in table 1. 



LINEAR REGULATOR TYPE 

DISCRETE COMPONENTS 

AUTOMOTIVE REGULATORS 

HYBRID 

IP1R07A 

ADVANTAGES 

HIGH PERFORMANCE 

'LOW DROP OUT 
'THREE TERMINAL 
DEVICE 

'LOW DROP OUT 
'THREE TERMINAL DEVICE 

'LOW DROP OUT 
'HIGH EFFICIENCY 
'INTERNALLY STABILISED 
'HIGH PERFORMANCE 
'THERMAL LIMITING 

Table 1 

DISADVANT AGES 

'HIGH COMPONENT COUNT 
'NO INHERENT THERMAL 
LIMITING 

'LARGE BOARD AREA 

'LOW EFFICIENCY (PNP 
PASS DEVICE) 

'AVERAGE PERFORMANCE 
'LOAD DEPENDANT STABILITY 

'AVERAGE PERFORMANCE 
'LOAD DEPENDANT STABILITY 
'NO INHERENT THERMAL 
LIMITING 

'BULKY PACKAGE 

'EXTRA BIAS RAIL REQUIRED 

voltage will rise. The tightened initial VREF 
tolerance of the IP1 RO?A allows inexpensive 1% 6 
or 2% metal film resistors to be used to get the 
output voltage well within acceptable limits. 

In common with most adjustable regulators the 
IP1 RO?A develops and maintains a nominal1.25v 
reference voltage 01 ref) between its output and 
adjustment terminals, as illustrated below in Figure 
2. If this reference voltage is applied across R1 , 
a constant current is caused to flow through R2, 
thereby adjusting the output voltage to: 
Vout = Vref (1 + R2/R1) + ladj R2 

Because the adjustment current represents an 
error term in the output voltage expression, the 
IP1 RO? A was designed to minimize both the value 
of IADJ and its variation with line and load changes. 
As a result, all but 50,ua of the circuit's quiescent 
operating current appears at the output terminal, 
thereby establishing a minimum load current 
requirement. If the value of R1 is such that the 
minimum load current is not exceeded, the output 

o--....... --.... vc 

Vp ADJ 
IP1R07A

VO 1 b 

IADJ 
(SOpA) 

VOUT = VREF (1 + ~~) + IADJ R2 

VOUT 

Figure 2: Operation and output voltage setting 
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It is good practice to use a 1 jJ F solid 
aluminium or 25jJ F electrolytic input bypass 
capacitor, particularly if the regulator is located any 
appreciable distance from the output filter. 
Improved ripple rejection can be achieved by 
adding a capacitor from the adjust pin to return. 
The reactance of the capacitor at the frequency 
of interest should be small compared to that of the 
voltage setting resistor. 

Regulator output impedance is in the order of 
10 mO or less and increases as a function of 
frequency above 10KHz due to the gain roll-off of 
the error amplifier. A solid aluminium bypass 
capacitor connected to the regulator output will 
maintain low impedance up to 1 MHz. This 
capacitor should be shunted with a ceramic 
capacitor when driving switching loads. 

As the IP1 R07 A internal feedback loop is 
regulating the voltage between the adjust pin and 
the heat tab of the package, the device is unable 
to provide true remote load sensing. The load 
regulation is limited by the resistance of the output 
tab and the wire connecting the regulator to the 
load. Negative side sensing is a conventional 
Kelvin connection, with the bottom of the divider 
returned to the negative side of the load. best load 

PARASITIC LINE 

Vc Rp RESISTANCE 

IP1 R07AVO r---t::=:J~----.,,~---, 

Vp ADJ 

R1 

R2 

CONNECT R1 AND 
LOAD DIRECTLY TO 

HEAT TAB 

CONNECT R2 TO 
LOAD 

Figure 3: Connections for best load regulation 

regulation is obtained when the top of the divider 
is connected, with the load, directly to the tab of 
the package. The correct divider connection is 
illustrated in figure 3. (Note: In practical converters 
R2 would be connected to the output terminal and 
the output voltage adjusted to accommodate line 
drop). 

I n general all lines should be kept short and 
direct to reduce voltage drops and minimize 
thermal effects and inductance. A single point 
"star" return prevents circulating return currents. 

Versatile TO-218 and hermetic TO-257 
packages supplement the increased efficiency of 
the IP1 R07 A with electrical and thermal 
characteristics equivalent to those of a T03 can. 
The TO-218 exhibits excellent thermal performance 
under the pulse conditions and high ambient 
temperature encountered in the S.M.P.S. 
environment. 

In order to realise the full capabilities of the 
IP1 R07 linear post regulator sufficient attention 
must be paid to all aspects of thermal 
management. 

As the bias circuitry consumes less than 
1 OOmA, developing the control input voltage is not 
a problem. 

In a flyback converter an overwind on the 
secondary, together with a rectifier and electrolytic 
capacitor supplies the bias current. 

In a forward converter the control input voltage 
can be supplied by either an overwind on the 
output filter choke or by peak detecting the voltage 
from the same winding that supplies the power 
input. Figs 4 and 5. 



r----*-------.--~Vc 

IP1R07AvO~----~----'------------o 
• 

] ..... --IM-~t---+----t vp A .. DJ_.....-i 

Figure 4: Flyback converter secondary linear regulation 

(8) Secondary overwind 

r--~~.---~~1r~L-~~.-J IP1R07A Vc vot-----~~--_.~ .... --------t-t vp ADJ 

(a) Filter choke overwind 

Vc 

r.l",~p-~?Y=rn~ __ -4_-IIP1 R07AvO,I---..... --..... -o 
vp ADJ 

(b) Secondary peak rectification 

Figure 5: Forward converter secondary linear regulation 

DEVELOPING THE BIAS RAIL 
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16-32KHz 

+ 

470pF + 
35v 

+ 
2200pF 

35v 

+ 

+470pF 
35v 

31--... --... ------_o + 12v, 2A 
IP1R07A 

+ 47)JF 
35v 

~-+--..... --+_--... ---_o +12v, 3A 

470pF 
35v 

'-I-+-.~+--+--+----o +5v,6A 

+ 470pF 
35v 

.... ,...--4_ ... --------o-5v,1A 

The IP1R07A linear post regulator in a self oscillating flyback converter. 

Secondary post regulated 12V rail for visual 
display unit; 

In desk top computers the power supply often 
powers a visual display unit in addition to the 
processor circuitry and disc drive. In the absence 
of post regulation the power supply may interact 
with the V.D.U. as follows:­
(a) Line time base/switching frequency interaction: 
This phenomenon occurs in variable frequency 
converters and manifests itself as a band travelling 
down the screen or image jitter. 
(b) Dynamic cross regulation effects; 
Generally observed as partial image collapse 
synchronous to pulse loading on other supply rails, 
this may occur during head movements in a disc 
drive or step current demands from a printing 
operation. 

Each of these effects can be eliminated by 

using linear post regulation for the VDU power rail. 
Typically the VDU current demand is a 1-1.2A 

resistive current plus a 3.0A band consisting of 
50Hz half sinusoid field current pulses. A typical 
circuit arrangement for an SMPS post regulator 
application using the IP1 RO?A is shown in figure 6. 

The IP1 RO? A linear post regulator introduces 
a new concept in switch-mode power supply 
secondary regulation. The provision of a low 
current bias rail is a small price to pay for the 
increase in system efficiency contributed by this 
adaptable device. 

OS» 



c5S9 Seagate Microelectronics Limited 

APPLICA TIONS INFORMA TION 

The Seagate Microelectronics IP34063 series 
(Figure 1) are monolithic control circuits which 
contain all the active functions necessary for single­
ended DC-DC converter designs, A simplified 
version of the 78S40, Figure 2, the IP34063 design 
has included the operational amplifier and on-chip 
flywheel diode, which are not required for the 
majority of DC-DC converter systems; the flywheel 
diode in the 78S40 being an inefficient component 
and in most applications replaced by an off-chip 
device, 

The IP34063 contains internal voltage 
reference, comparator, controlled duty cycle 
oscillator with current limit circuit and a high current 
output switch (1.5 Apk), as shown in Figure 1, 

Vee 

SWITCH 
COLLECTOR 

L..-.L-t-- SWITCH 

TIMING 
CAPACITOR 

L..--t--GND 

Fig. 1 IP34063/3306313S063 Block Diagram 

These functions make the IP34063 ideally 
suited for Buck, Boost and inverting converter 
applications, and results in a significant reduction 
of system parts count. The devices are available 
in 8 pin dual in line or surface mount packages, 

,. ORIVER. SWITCH 
ENE Cou.ECTOR COll£CTOR 

Fig. 2 78S40 

The IP34063 has an unusual mode of 
operation which needs to be explained to gain a 
complete understanding of the device, 

First let us consider the operation of what is 
termed a standard PWM power supply controllC, 

A simplified block diagram of a standard PWM 
power supply controllC is shown in Figure 3, The 
main power switch is controlled by the output of 
a pulse width modulator, 

The PWM signal which directly controls and 
regulates the power supply is derived from a 
comparison between a DC voltage proportional to 
output error and a ramp signal derived from an 
oscillator. Figure 4 highlights the operation, Each 
time the oscillator ramp is reset to its low state, the 
PWM signal turns the switch on, Subsequently, 
when the oscillator signal ramps up to the DC error 
voltage, the switch turns off, 
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In a system such as this the switching 
frequency is set by the oscillator, and the switch 
duty cycle is set by the DC error voltage. 

The output signal is therefore always 
synchronized with the oscillator reset. 

This control method can therefore be termed 
proportional control and has the advantage of 
excellent regulation and transient response. 

Fig. 3 Simplified PWM Power Supply 

FEEIlMa< 
VOLTAGE 

VAEF 

OIlCLlATOR 

- o/W4+1---=-SIGNAl. r -V- SlONAL 

J1J1lJl.illlJf1 
___ BRCI<EN LINE DEPICTS 

f'ULIIE WIDTH MOOOlATION 

Fig. 4 Standard PWM ControllC Operation 

In the case of the IP34063, the operation 
described for the standard PWM control IC is 
modified. Referring to Figure 1, it can be seen that 
the power switch is controlled by an on-off signal 
derived from a digital comparison (based on high 
or low states) between the oscillator and the 
comparator output signal. 

That is, a direct comparison between the 
oscillator and an error signal does not take place. 
This unusual mode of operation means that there 
is no actual pulse width modulation at all. 

An external timing capacitor CT is charged 
and discharged by a current source and sink circuit 
which contains upper and lower preset thresholds, 
subsequently deriving the ramp waveform shown 
in Figure 5. 

J\-
I 
I 
I 

Fig. 5 Oscillator Waveforms During Normal 
and Overdrive (Overcurrent Sense 
Conditions) 

The required ramp up and down times are 
yielded by designing the IP34063 so that the 
discharge current is six times greater than the 
charge current yield. 

The oscillator therefore produces a signal with 
a fixed 6/7 or 85.7% duty cycle. 

During the ramp-up portion of the cycle, a 
logic 1 is present at the A input of the AND gate. 

If the output voltage of the switching regulator 
is below normal (refer to Figure 6), the output of 
the comparator will present a logic 1 at the B input 

'-----,n n n OOMP~ 0- _____________ LJ ~L-J~ 
OVERDRIVE BY __ .. 

TIMING 1\.1\.1\.A 1\.1\.A 1\. 
CAPACITOACT- / V V VV V VV \ 

0UTPlIT ON- nnruLJlJL 
BWlTCH 

OFF-

NOMINAl. Your_ ................... .... ......... 
LEVEL ;..;;'70'. • v 

OUTPUTVOI.TAGE- .. START-UP -+- OUIESCENTOPERAT1<»1'" 

Fig. 6 IP34063 Operating Waveforms 



of the AND gate. These conditions set the latch and 
cause the Q output to go to a logic 1, enabling the 
driver and the output switch to conduct. 

When the oscillator ramp reaches its upper 
threshold, CT will begin discharging, and a logic 
o will be present at the A input of the AND gate. 
The latch is then reset and the driver and switch 
turned off. 

The output is off regardless of comparator 
state during the ramp down period of the oscillator 
signal, and is synchronous with the oscillator 
ramping down, while the turn on transition is totally 
non synchronous. There is actually no pulse width 
modulation at all. The effective output pulse can 
and does vary in frequency and phase with respect 
to the on-chip oscillator waveform, due to the fact 
that a turn on is not completely assured during the 
oscillator ramp up period, if the comparator output 
is not in a correct logic state. Table 1 presents the 
necessary conditions for output switch turn on and 
turn off. 

Output variation is from a full 85.7% duty cycle 
where the comparator input is lower than the 1 .25V 
reference, as start up to zero duty cycle when the 
comparator input is higher than VRef. In between 
these end points the turn on and turn off points are 

a combination of the output filter controlled ripple, 
oscillator frequency ripple, and system noise. 

The current limit or Ipk sense input to the 
oscillator also affects system duty cycle by altering 
the oscillator ramp waveform. 

Monitoring the voltage drop across an external 
sense resistor placed in series with VCC and the 
output switch gives a voltage on the Ipk sense pin 
which, if greater than 330mV, increases the 
charging current to the timing capacitor CT, as 
shown in Figure 5(b). 

This enables a faster transition to the upper 
oscillator threshold, thereby shortening the on time 
of the output switch, and thus reducing the amount 
of energy stored in the inductor. 

Operating the IP34063 in an overload or 
shorted condition will cause a very short but finite 
time of output conduction, which can then be 
followed by either a normal or extended off-time 
interval provided by the oscillator ramp-down time 
of CT 

Table 1 IP34063 Truth Table 

Active Condition of AND Gate Inputs Latch Inputs Output 

Timing Capacitor Or A B S R Switch Comments on State of Output Switch 

Begins Ramp-up J 0 0 "\ 0 Switching Regulator's Output is Oi! nominal ("8" = 0). 

Begins Ramp-Down ""\. 0 0 J 0 No change since "B" was 0 before CT Ramp-Down. 

Ramping Down 0 ./ 0 1 0 No change even though switehing regula1Dr output < 
nominal. Output switch cannot initiated durintg CT 
Ramp-Down. 

Ramping Down 0 ""\. 0 1 0 No change since output switch conduction was 
terminated when "A" went to O . 

Ramping Up 1 ./ ./ 0 ./ Switching regulator's output went < nominal during Or 
Ramping Up ("8" ~ 1). Partial on cycle for output 
switch. 

Ramping Up 1 ""\. ""\. 0 1 Switching regulators output went Oi! nominal ("B" ~ 0) 
during CT Ramp-Up. No change since "B" cannot 
reset latch. 

Begins Ramp-Up ./ 1 ./ ""\. ./ Complete on-cycle since "B" was 1 before CT starlBd 
Ramp-Up. 

Begins Ramp-Down ""\. 1 \.. ./ \.. Output switch conduction is always terminated 
whenever Or is Ramping Down. 

Note 1. 
Note 2. 
Note 3. 

Output switch can only be activated during ramp up portion of oscillator signal. 
Activation is a function of comparator output state. 
Output switch is only activated during ramp down of oscillator signal. 
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RSENSE 
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100ms SOFT START 

R2 30K 10K 

GNO 
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Fig. 7 IP34063 Soft Start Circuit 

Under extreme conditions, the voltage across 
CT can approach Vccwhen the current limit sense 
input is overdriven; this provides a relatively long 
off time. 

This mode of operation is an excellent device 
protection feature due to the reduced power 
dissipation of the output switch that results from the 
long off time. 

The IP34063, does not have the feature of on 
chip soft start circuitry. However, a simple circuit 
which can be added to achieve soft start is shown 
in Figure 7. .. 

The circuit uses the Ipk s~nse pin to overdnve 
the oscillator, thereby speeding up the ramp-up 
time and shortening the on time of the output 
switch. 

When VCC is applied to the circuit, T1 is on 
and Ipk overdrives the oscillator. As capacitor C1 
charges up, T1 turns off reducing the overdrive 
voltage on the Ipk sense pin and finai:\I returning 
the device to normal operation. The Circuit shown 
provides a soft start time of approximately 100ms. 

To improve flexibility in designing with the 
IP34063 the driver collector, output switch 
collector, and emitter are pinned out separately. 

This allows the option of driving the output 
transistor into saturation with selected forced gain 
or driving it near saturation when connected as a 
darlington. 

The output switch has a typical current gain 
of 70 at 1 amp, and is designed to switch a 
maximum of 40 volts collector-to-emitter, with up 

~ to 1 .5 amps peak collector current. 
~ ~R~,~ __ ~ 

210 

Parts List 
C1 -1 Ojll SOV 
C2-0.1 JllSOV 
C3-680pl 
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R3-2KO 
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RS-13Kn 
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Fig. 8 Practical Power Supply Dealgn 
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The unusual operating mode of the IP34063 
does not detract from its usefulness. In fact, 
excellent performance and design benefits can be 
achieved from its use. A DC-DC converter design 
is shown in Figure 8. The circuit operates off a 10 
to 40 volt input and is capable of supplying 1.0 
amps at 5.0 volts. 

The circuit is designed so that the output pulse 
is synchronous with the oscillator signal. As 
previously explained the output pulse normally 
varies asynchronously with the oscillator waveform, 
due to the method of regulation the device 
employs. 

The key to the circuit is that the output is well 
filtered and a portion of the output switch voltage 
is fed to the string of output reference resistors; with 

a single-pole response for 90° phase shift. 
This produces a sawtooth waveform 

superimposed on the DC signal fed back to the 
comparator; and by double filtering the output the 
predominant signal at the comparator pin is the 
sawtooth on a DC bias. With this composite signal 
a fairly stable power pulse starting point relative 
to the oscillator signal is produced, as well as a 
known pulse turn off point, which is directly 
controlled by the oscillator. 

This circuit yields a practical converter that 
produces a current of 0.6 to 1 amp at an input 
range of 10 to 40 volts. The output noise is 5mV, 
line regulation at 0.75A of 20mV, and load 
regulation of 50mV at 0.6A to 0.95A output current. 

The efficiency varies from 70 to 80 percent. 
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C59 Seagate Microelectronics Limited 

APPLICATIONS INFORMA TION 

Seagate Microelectronics families of three 
terminal positive adjustable voltage regulators are 
exceptionally easy to use and require only two 
external resistors to set the output voltage. Over 
1 .25V to 35V output range the I P 117 A series is 
capable of supplying in excess of 1.5A, the IP150A 
series can supply in excess of 3A, and the IP138A 
series supplies in excess of 5A. 

In addition to improved line and load 
regulation, a major feature of the "A" series is the 
initial output voltage tolerance, which is guaranteed 
to be less than 1 %. Over full operating conditions 
including load, line, and power dissipation, the 
reference voltage is guaranteed not to vary more 
than 2%. These devices exhibit current limit, 
thermal overload protection, and improved power 
device safe operating are protection, making them 
essentially indestructable. 

Applications for these devices include 
adjustable power supplies, constant current 
regulation, improved linear regulators and battery 
chargers. 

Functioning as a three terminal floating 
regulator these 1 % devices develop and maintain 
a nominal1.25V reference voltage (VREF) between 
its output and adjustment terminals, as illustrated 
in Figure 1. If this reference voltage is applied 
across R1, a constant current 11 is caused to flow 
through R2, thereby adjusting the output voltage to 

VOUT = VREF (1 = R2/r -) + IADJR2 
Because the 50}J A of adjustment current 
represents an error term in the output voltage 
expression, the IP117 A, IP150A, and IP138A 
series were designed to minimize both the value 
of IADJ and its variation with line and load changes. 
As a result, all but 50u A of the circuit's quiescent 
operating current appears at the output terminal, 
thereby establishing a minimum load current 
requirement. If the value of R1 is such that the 
minimum load current is not exceeded, the output 
voltage will rise. 

IP138A 

VIN VOUT VOUT 

ADJ R1 
2430 

+ + 

;:: ::::: C1' ;::" T~~ l"F 

~~R2 
J 5k --.... 

Fig. 1 Basic Adjustable Regulator 

From the expression above it is evident that 
even if the resistors R1 and R2 are of exact value, 
the accuracy of the output voltage is limited by 
errors in VREF. Earlier adjustable regulators have 
had a reference tolerance of ± 4%, which is 
dangerously close to the ± 5% supply tolerance 
required in many logic and analog systems. In 
addition, 1 % resistors can drift up to ± 0.01 %/oC, 
increasing the output voltage tolerance even 
further. For example, using 2% resistors and a 
±4% tolerance for VREF, calculations indicate that 
a 5V regulator design will vary between 4.66V and 
5.36V, which is a tolerance of ± 7%. If the same 
procedu re were used in the design of a 15V 
regulator instead the expected tolerance would 
increase to ± 8%. as a result of these errors most 
applications require some method of trimming, 
which is both expensive and not conducive to 
volume production. 



One of the design enhancements featured in 
Seagate Microelectronics adjustable regulators is 
the tightened initial tolerance in the value of VREF. 
Production wafer-level trimming techniques now 
enable the reference voltage to be specified within 
1 %. This allows relatively inexpensive 1 % or 2% 
film resistors to be used for R1 and R2 to set the 
output voltage, and acceptable system output 
voltage tolerances to be achieved. 

With a guaranteed 1 % reference, a 5V power 
supply design, using 2% resistors, would have a 
worst case manufacturing tolerance of ±4%. If 1% 
resistors were used, the tolerance would drop to 
±2%. 

For convenience, a table of standard 1 % 
resistor values shown below. 
Table of 1/2% and 1 % Standard Resistance 
Values 

1.00 1.47 2.15 3.16 4.64 6.81 
1.02 1.50 2.21 3.24 4.75 6.98 
1.05 1.54 2.26 3.32 4.87 7.15 
1.07 1.58 2.32 3.40 4.99 7.32 
1.10 1.62 2.37 3.48 5.11 7.50 
1.13 1.65 2.43 3.57 5.23 7.68 
1.15 1.69 2.49 3.65 5.36 7.87 
1.18 1.74 2.55 3.74 5.49 8.06 
1.21 1.78 2.61 3.83 5.62 8.25 
1.24 1.82 2.67 3.92 8.76 8.45 
1.27 1.87 2.74 4.02 5.90 8.66 
1.30 1.91 2.80 4.12 6.04 8.87 
1.33 1.96 2.87 4.22 6.19 9.09 
1.37 2.00 2.94 4.32 -6.34 9.31 
1.40 2.05 3.01 4.42 6.49 9.53 
1.43 2.10 3.09 4.53 6.65 9.76 

Standard Resistance Values are obtained from the 
Decade Table by multiplying by multiples of 10. As an 
example, 1.21 can represent 1.210, 12.10, 1210, 
1.21KO etc. 

Input bypassing using a 1)..J F tantalum or 
25)..J F electrolytic capacitor is recommended 
when the input filter capacitors are more than 5 
inches from the device. Improved ripple rejection 
(80 dB) can be achieved by adding a 10tJ F 
capacitor from the adjust pin to ground. Increasing 
the size of the capacitor to 20)..J F will help ripple 
rejection at low output voltage since the reactance 
of this capacitor should be small compared to the 

voltage setting resistor, R2. For improved AC 
transient response and to prevent the possibility 
of oscillation due to unknown reactive load, a 1,u F 
capacitor is also recommended at the output. 
because of their low impedance at high 
frequencies, the best type of capacitor to use is 
solid tantalum. 

The IP117A, IP150A and IP138A series of 
adjustable regulators do not require a protection 
diode from the adjustment terminal to the output 
(see Figure 2). Improved internal circuitry eliminates 
the need for this diode when the adjustment pin 
is bypassed with a capacitor to improve ripple 
rejection. 

10j.lF 

CADJI 

1-+-...... - ..... -oVOUT 

R2 

Fig. 2 

If a very large output capacitor is used, such 
as 1 00,u F shown in Figure 2, the regulator could 
be damaged or destroyed if the input is 
accidentally shorted to ground or crowbarred. This 
is due to the output capacitor discharging into the 
output terminal of the regulator. To prevent 
damage a diode 01 is recommended to safely 
discharge the capacitor. 

c5S» 

CONNECT R2 
TO LOAD 

Fig. 3 Connections for Best Load 
Regulation 
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Because these regulators are three terminal 
devices, it is not possible to provide true remote 
load sensing. Load regulation will be limited by the 
resistence of the wire connecting the regulator to 
the load. The data sheet specification for load 
regulation is measured at the bottom of the 
package. Negative side sensing is a true Kelvin 
connection,with the bottom of the output divider 
returned to the negative Side of the load. Although 
it may not be immediately obvious, best load 
regulation is obtained when the top of the resistor 
divider (R1) is connected directly to the case not 

to the load. This is illustrated in Figure 3. If R1 were 
connected to the load, the effective resistance 
between the regulator and the load would be 

R + R1 
Rp X ( ), Rp = Parasitic Line Resistance 

R1 
Connected as shown, Rp is not multiplied by 

the divider ration. Rp is about 0.0040 per foot 
using 16 gauge wire. This translates to 4mV/ft at 
1 A load current, so it is important to keep the 
positive lead between regulator and load as short 
as possible, and use large wire or PC board traces. 



cSS9 Seagate MIcroelectronIcs Limited 

Seagate Microelectronics provides three 
terminal voltage regulators with several fixed output 
voltages which are useful in a wide range of 
applications. Devices specified at 1 amp include 
the IP140A, LM140, IP7800A and IP7800 series 
of positive regulators. These devices are available 
with 5, 12 and 15V outputs. Negative regulators 
specified at 1.5 amps include the IP120A, LM120, 
IP7900A and IP7900 series. These devices have 
- 5, -12 and - 15V fixed output voltages 
available. 

The A-suffix devices provide 0.Q1 % per volt 
line regulation. Load regulation is 0.3% per amp 
and output voltage tolerance at room temperature 
is ± 1 %. Protection features include safe operating 
area current limiting and thermal shutdown. 

These regulators are all available in the metal 
TO-3 and TO-66 power packages as well as the 
0.5A version TM1 78M479M in metal TO-39 can. 
The TO-257 (hermetic TO-220 style) power 
package is available for the IP120A/LM1201 
IP140A/LM140/lP7800A/IP7800 series. 

The fixed output regulator series is designed 
with thermal protection, output short-circuit 
protection and output transistor safe area 
protection. However, as with any Ie regulator, it 
becomes necessary to take precautions to assure 
that the regulator is not inadvertently damaged. 
The following describes possible misapplications 
and methods to prevent damage to the regulator. 

Shorting the Regulator Input: When using 
large capacitors at the output of these regulators, 
a protection diode connected input to output 
(Figure 1) may be required if the input is shorted 
to ground. Without the protection diode, an input 
short will cause the input to rapidly approach 
ground potential, while the output remains near the 
initial VOUT because of the stored charge in the 
large output capacitor. The capacitor will then 
discharge through a large internal input to output 

. diode and parasitic transistors. If the energy 

Fig. 1 Input Short 

released by the capacitor is large enough, this 
diode, low current metal and the regulator will be 
destroyed. The fast diode in Figure 1 will shunt 
most of the capacitor's discharge current around 
the regulator. Generally no protection diode is 
required for values of output capacitance 
~10,uF. 

Raising the Output Voltage above the Input 
Voltage with a Positive Regulator: Since the output 
of the regulator does not sink current, forcing the 
output high can cause damage to internal low 
current paths in a manner similar to that just 
described in the "Shorting the Regulator Input" 
section. 

Pulling the Output Voltage Below the Input 
Voltage with a Negative Regulator: Since the output 
of the regulator does not source current, forcing 
the output low can cause damage to internal low 
current paths in a manner similar to that described 
in the "Shorting the Regulator Input" section. 

~~~ ... -.~~----.~~~~--.--.-.~~~ 
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Regulator Floating Ground (Figure 2): When 
the ground pin alone becomes disconnected, the 
output approaches the unregulated input, causing 
possible damage to other circuits connected to 
VOUT. If ground is reconnected with power "ON", 
damage may also occur to the regulator. This fault 
is most likely to occur when plugging in regulators 
or modules with on card regulators into powered 
up sockets. Power should be turned off first, or 
ground should be connected first if power must be 
left on. 

Fig. 2 Regulator Floating Ground 

Transient Voltages: If transients exceed the 
maximum rated input voltage of the regulator, or 
reach more than O.SV below ground (O.SV above 
ground for negative regulators) and have sufficient 
energy, they will damage the regulator. The 
solution is to use a large input capacitor, a series 
input breakdown diode, a choke, a transient 
suppressor or a combination of these. 

- VOUT 

Fig. 3 Transients 



c5S9 Seagate Microelectronics Limited 

The IP137A, LM137, IP137AHV, and 
LM137HV series of negative adjustable regulators 
will deliver up to 1.5 amps output current over an 
output voltage range of -1.2V to - 47V. Seagate 
Microelectronics has made significant 
improvements in these regulators compared to 
previous devices, such as better line and load 
regulation. The A-suffix devices provide 0.1 % per 
volt line regulation, 0.5% load regulation and a 
maximum output voltage error of 1 %. 

Internal current limiting coupled with true 
thermal limiting prevents device damage due to 
overloads or shorts, even if the regulator is not 
fastened to a heat sink. Thermal regulation is 
0.02% per watt. 

Applications include adjustable power 
supplies, system power supplies, precision voltage 
regulators and on-card requlators. 

Maximum reliability is attained with Seagate 
Microelectronic's advanced processing techniques. 

The output voltage is determined by two 
external resistors, R1 and R2 (see Figure 1). The 
exact formula for the output voltage is: 

R2 
VOUT = VREF (1 + R1 ) + IADJ (R2) 

Where: VREF = Reference Voltage, IADJ 
Adjustment Pin Current. 

In most applications, the second term is small 
enough to be ignored, typically about 0.5% of 
VOUT In more critical applications, the exact 
formula should be used, with IADJ equal to 
65 u A. Solving for R2 yields: 

VOUT - VREF 
R2 = 

VREF - IADJ 
R1 

Smaller values of R1 and R2 will reduce the 
influence of IADJ on the output voltage, but the no­
load current drain on the regulator will be 
increased. Typical values for R1 are between 
1000 and 3000 giving 12.5mA and 4.2mA no­
load current respectively. There is an additional 
consideration in selecting R1 , the minimum load 
current specification of the regulator. 

.1 c, ~ ;J., " R, .L 1 5., CJ -
....-IADJ 1.' 

t Rl 

vREF 

-VIN-~VIN 
ADJ I ! 

VOUT VOUT 

IP137A I 
EXAMPLES 
1. A precision lOV regulator 10 supply up to lAmp load current. 

8. Select R1 "lDOnla mmimize effect of iAOJ 

, b. CalculateR2"'~"~"704n 
V~EF - IAOJ :O~~ - 65"A 

I . 
2. A 15V regulator to run off batteries and supply SOmA 

VIN MAX'" 25V 

a. To minimize battery drain, select R 1 as high as possible 

Rt "~=417n,use404Sl1% 
3mA 

b. The high value for R 1 will exaggerate the error due to 
IADJ. so the exact formula to calculate R2 should be used. 

R2" VOUT-VREF " 15V-l.25V 
• 4539n 

~-IADJ ~ -65 X10-6 
AI 404U 

Use R 2 " 4530n 

Figure 1 

The operating current of the IP137A flows from 
input to output. If this current is not absorbed by 
the load, the output of the regulator will rise above 
the regulated value. The current drawn by R1 and 
R2 is normally high enough to absorb the current, 
but care must be taken in no-load situations where 
R1 and R2 have high values. The maximum value 
for the operating current, which must be absorbed, 
is 5m,l\ for the IP137 A. If input-output voltage 
differential is less than 10V, the operating current 
that must be absorbed drops to 3mA. 
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An output capacitor, C3, is required to provide 
proper frequency compensation of the regulator 
feedback loop. A 1).J F or larger solid tantalum 
capacitor is generally sufficient for this purpose if 
the 1 MHz impedance of the capacitor is 20 or less. 
High Q capacitors, such as Mylar, are not 
recommended because they tend to reduce the 
phase margin at light load currents. Aluminium 
electrolytic capacitors may also be used, but the 
minimum value should be 10).J F to ensure a low 
impedance at 1 MHz. The output capacitor should 

c, 

ADJ 

R2 

R' 02·' 
IN4002 

VOUT I'---+--_~_ -VOUT 

IP137A 

Dl·'N4002 

01 protects the regulator from input shorts •• 02 protects the adjust pin 01 the regulator 
to ground It IS required only when C3 is from output shorts jf C2 IS larger than 10~F 
larger than 20",F and VOUT 'S lerger than ev. and VOUT is larger than -25\1. 

Figure 2 

be located within a few inches of the regulator to 
keep lead impedance to a minimum. The following 
caution should be noted: if the output voltage is 
greater than 6V and a output capacitor greater than 
20fJF has been used, it is possible to damage the 
regulator if the input voltage becomes shorted, due 
to the output capacitor discharging into the 
regulator. This can be prevented by using diode 
01 (see Figure 2) between the input and the output. 

The input capacitor, C2, is only required if the 
regulator is more than 4 inches from the raw supply 
filter capacitor. 

The. adjustment pin of the IP137A may be 
bypassed '6'ith a capacitor to ground, C1, to reduce 
output ripple, noise, and impedance. These 
parameters scale directly with output voltage if the 
adjustment pin is not bypassed. A bypass 

capacitor reduces ripple, noise, and impedance 
to that of a 1.25V regulator. In a 15V regulator for 
example, these parameters are improved by 
15V/1.25V = 12 to 1. This improvement holds only 
for those frequencies where the impedance of the 
bypass capacitor is less than R1. 1 O).J F is 
generally sufficient for 60Hz power line applications 
where the ripple frequency is 120Hz, since Xc = 
1300. The capacitor should have a voltage rating 
at least as high as the output voltage of the 
regulator. Values larger than 1 O).J F may be 
used, but if the output is larger than 25V, a diode, 
d2 should be added between the output and 
adjustment pins (see Figure 2). 

The IP137A has an excellent load regulation 
specification of 0.5% and is measured at a point 
1/8" from the bottom of the package. To prevent 
degradation of load regulation, the resistors which 
set output voltage, R1 and R2, must be connected 
as shown in Figure 3.' Note that the positive side 
of the load has a true force and sense (Kelvin) 
connection, but the negative side of the load does 
not. 

R1 should be connected directly to the output 
lead of the regulator, as close as possible to the 
specified point 1/8" from the case. R2 should be 
connected to the positive side of the load 
separately from the positive (ground) connection 
to the raw supply. With this arrangement, load 
regulation is degraded only by the resistance 
between the regulator output pin and the load, If 
R1 is connected to the load, regulation will be 
degraded, 

c5W 

I L.ead reSISt,am::e here does nOI affect load 
regulation 

Figure 3 
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~L .. '9'r-;t ... 953 -r.' ,:'::,=,,:;--+----'--; 

~ 
a889 

0.026 . 0.045 
0.660· 1.143 

0.028 0.034 
0.771 - 0.864 

0.500 MIN 
12.70 

0.016·0.019 OIA 
0.406-0.483 

I' ':::'''~'I ;;;: :::' .. , 
~ ~"}--: '.~ ... ~=---

.~:: :. r;r: 7,62 

.312 MIN "-- -.(}() .580 ± .010 
14.75 t.25 

7.92 
(NOTE 1) 

.135 MAX 

I' 
.875 OIA MAX 
22.23 

'I 

NOTES 

1. THIS DIMENSION SHOULD BE MEASURED 
AT POINT .050 O.27mm) TO .055 (l.40mml 
BELOW SEATING PLANE. 

2. ALL DIMENSIONS IN INCHES 

350 MAX r =i~"-' 

I J J, + .005 
.037 - .000 10.92 ~ .25 
1.016 + .13 

~ r:r-I ~==~ 
~ 
7.92 

INOTE 1) 

- .00 

NOTES 

2. 

THIS DIMENSION SHOULD 8E MEASURED 
AT POINT.OO5 (l.27mml TO .05511.40mml 
BELOW SEATING PLANE. 

ALL DIMENSIONS IN INCHES 
ALL DIMENSIONS IN MILLIMETERS 

.960 t .010 
24.38 ± .25 

1.187! .010 
3O.15:t .25 

.525R MAX 
13.34 

0.100 
2.540 

.150R MAX 
3.81 
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I~ 0,"", 
, . 

---I II 10!~;: ~02 
200 MAX 

I I ~15.OBO 285:,012 
/0287' 5/ II 724! 305 

O"OrWW~~: ~A 
~ Ilt~ J"I"I. II '\,0_,,0 
2.540 .' ~_OO2 I Rffl21 

~.,036 ~ 145,020 279:051 I I ............. 
914 J,68J= 50B , --t . ., i r 

I 93~~5\0;~5----.j 
ALL DIMENSIONS IN INCHES 
ALL DIMENSI()NS IN MILLIMETERS 

I Spoc,loedbodyd,,,, .... ,,on.ollowlord,t/,,,"n,,,,, t>eIW ... n SSI, MSIOnd 
LSI Pld, •• 

2 ~ .. d male"al loloro ... c",,,, 'or tI ... pi,,. f,n,,~ on'" Solder d,p f,n,,~ ><ld, 
210m,I'thickno"laaU loadtlpd,mon"an, 

ALL DIMENSIONS IN INCHES 
ALL DIMENSIONS IN MILLIMETERS 

, . C· . 
J~~ J~ 1524· 102 0051.411'1 

065 MAX /27 
1651 

O6OMAX I" .768± 020 'I ~:l ..... I 

;~O' rmMmf~ lEi 
...u J~ ~r ~" :,:: J'~. 

.""" 
325t ,025 
tI.256t,6J5 

1 Spoclfied body d,m,nSlOns 1110..- tot difm • ...,.' betw"n SSI. MSI and 
LSI~c~ .. 

2 Leldma'ft"altoleflnCHlfelor]Lnplltef,n"nonly SolderdLP h ... "hadd, 
2·10m,l, Ih,ekneu to all I ... d tlpd,men"on. 

CJ4 8 UNLESSOTHEflWISE5PECIFIED 

All DIMENSIONS MIN MAX IN INCHES 
ALL DIMENSIONS MIN.·MAX IN MILLIMETERS 
All TOLERANCES ARE ',007 INCHES , , 

J~'~ JI 
1422102, 6 

084 5~ 
- 2134 

""''''r-~-------------I'I , .. " ,.. ~,~~" 'I I, 524 t~oMAX • 606 t 306 

~'''O -![R- A 
;~u l~ ;:;ir t,~~- J~ 

BJ~!st ~O;~5 I 9,526 ± .636 

L • .d"' .... ".I'ol.r"""" .... tortlnpil].fon"hanlySOld.'d,pt, ..... hl<kl. 
2·10m~. tt'llCk ..... l0.1I1 • .d'.pdim ..... on. 

i i '00 

~ II -"""" -1~ 

.3261.025 
8.255t.635 

3151.02!i REF,121 
1+---j,r,'25i;,i'i,,",.----+ 

1 Spec,fied body dim8n"onllllow for difflttnc.l bI-.-. SSL MSI 11'1<1 
LSIPtCkag,t. 

2 L • .dm..,."lltol •• lnon .... IOItonpl.l.finilllonly.SOld .. diplin"n_ 
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1~ I .451t..102 

~::::::I ALL DIMENSIONS IN INCHES j=~ ; .,,-_ .. _-
1.524 t..' .310 

7.874 

19.304 t. .381 

",60"" 

". J" i~:~~"" Jib Il 
.'85"''' C'O_120 7.239 t. .381 REF m 

360 t .025 
9.144 1.635 

222 

1~ I .467 ±. 102 

ALL DIMENSIONS IN INCHES 
ALL OIMENSIONS IN MILLIMETERS 

.300 
7.620 



P1Nl 

193 ± 005 

SEATING PLANE LEAD COPLANARITY i .002 
(BOTTOM OF LEADS AFTER FORMINGI 

.045 DIA 
1.'43 

ALL DIMENSIONS IN INCHES 
ALL DIMENSIONS IN MILLIMETERS 

.154 
3.91 
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PACKAGE INFORMA TION 
" ~ ~ ~ 'WF~ TIlbT #is 00 ~ '"' '" "" N 

j 1f1:;; ;;~, %*". 7J " = w; @% ~ ~ ~; 8 "' 

~ ~ ~ 

ALL DIMENSIONS IN INCHES 
ALL DIMENSIONS IHIIl/LL/METERS 

.04601" 
1.143 

ALl DIMENSIOI$SIN INCHES 
ALL o/MENSIONS IN MILLIMETERS 

toeT"TOTIP 
'D.3f 
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NOTE 

Jl,LLO'''(OGONSIN,NC>lE$ 
ALLDIWNf/ONSINMlLLIMETEIIS 

~" 

lli==:.::mtrf/l$ 

123'010 
3.1"15 

0.12010.130 
0.03510.045 I· 0.41/0.422 ·1 0.,9101Tr2,5 

I~] I 
n -I- O.10±O.003 

~.035 1L 0.12±0.003 



°1"' '" '" """:00 
~'" 

°1'" ~~ 
. '" 

2.45 
20.32 

j ALL DIMENSIONS IN INCHES 
ALL DIMENSIONS IN MILLIMETERS 

1.28 

2032 

"I 
f~:uu-uuu-uuu-uuu~uu4 ALL DIMENSIONS IN INCHES 

ALL DIMENSIONS IN MILLIMETERS 
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