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1. Introduction

The NOvVA power distribution box fans out 450 VDC to up to 64 front-end boards
from a CAEN power supply capable of supplying 15 mA of current. As noted in Steve
Chappa’s 6 April 2009 report of his preliminary safety review of the power distribution
box, currents as low as 5 mA present a lethal shock hazard, and even 1 mA currents can
present non-lethal hazards as well. Hence a protection circuit design is needed limiting
the output current to no more than about 0.5 mA with a shorted load. Because the CAEN
supply can output voltage up to 500 V, the current limiter must work up to this voltage.
The current limiter will be used on thousands of channels, and must have a reproducible
output voltage when operating at the nominal full load condition of 10 MQ (and a
nominal load current of 50 nA). While the exact magnitude of the drop in voltage across
the current limiter is not critical (although it should be minimized) there should be no
more than about 100 mV of variation between channels, or within a single channel across
a voltage range of 400 - 500 V. (Note that this 100 mV requirement assumes no
regulation on the front end boards. The current design of the front end boards includes a
shunt regulator, which if implemented makes the 100 mV requirement superfluous.)

Two designs have been proposed for the current limiting circuit: a “transistor”
design and a “MOSFET” design. Each circuit was simulated using the program LTspice
v4.03 (available for free download at the Linear Technology website, www.linear.com).
The circuits were then assembled and tested. The main areas of interest in the simulations
and tests were the circuit’s current limiting ability in a short circuit condition and its
voltage drop in a load condition over the nominal voltage range of 400 — 500V.

In the following tests, all resistances were measured using an Amprobe 35XP-A
DMM. The same DMM was used to measure the input voltage on the circuits, while a
Philips PM 2525 DMM was used to measure each circuit’s voltage drop and load current.
Pricing was determined by finding the lowest price available in quantities of 10,000 or
more from the Newark, Digikey and Mouser Electronics websites.

2. Transistor Design
2.a. Background

The transistor limiter circuit is shown in Fig. 1. The transistors Q3 and Q4 are the
output transistors through which the majority of the current flows under normal operating
conditions. R1 functions as a current sensing resistor. Should the voltage across R1
become too great — a sign of increased current through the load — Q2 will switch on,
removing base current in the output transistors and reducing the current flow through
them.



The transistor circuit uses two inexpensive KSP44 transistors rather than a single
high-voltage transistor to reduce costs. A model of the transistor design was created in
LTspice and tested in the load and short conditions by setting RLOAD to 10 M€ and 0.1
Q, respectively. The current through the load and the voltage drop across the current
limiter circuit itself were then measured in the simulation across a wide range of input
voltages. In addition, a physical circuit was built and these quantities were measured
experimentally.
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Figure 1: Transistor current limiter
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2.b. Testing

As shown in Fig. 2, the current at short circuit condition was less than 0.5 mA
over the entire voltage range, where R1 was set to 7.99 kQ. Once the limiting kicks in
after about 60 HLA, the current increases at a rate of about 4x10™* mA/V. In order to raise
the current limit at which the limiter kicks in, we reduced R1 to 4.16 kQ. The voltage
drop across the limiter with the new value of R1 at load condition (Fig. 3) remains fairly
low and flat until it begins to increase rapidly at about a kilovolt — well outside the range
in which the power supply will operate. The slope of the voltage drop was 0.0053 over
the entire tested range. Within the 400 — 500 V range the voltage drop varies by about a
volt.



Measured and Simulated Currents, Transistor Design
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Figure 2: Load current vs. input voltage at short circuit condition with R1 =7.99 kQ.
Current limiting behavior did not noticeably change with the change to 4.16 kQ..
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Figure 3: Voltage drop at load condition with R1 =4.16 kQ.



2.c. Cost

Component Price # Total

KSP44 $0.028 2 $0.056
2N3904 $0.011 1 $0.011
1.5 MQ $0.005 2 $0.010
4 kQ $0.008 1 $0.008

Table 1: Transistor circuit price

The transistor design’s price per circuit is $0.09 if ordered in quantities of 10,000
or more. The use of a single high-voltage transistor would bring the total price to $0.24
per circuit.



3. MOSFET Design
3.a. Background

The MOSFET circuit design uses a low current LM385 Zener diode voltage
reference to produce a uniform voltage drop across a wide range of input voltages. The
circuit uses a single high-voltage MOSFET in place of the transistor design’s two bipolar
transistors. The LM385 features a tunable voltage reference in the range 1.24 V to 5.30
V, following the equation

Vou = 1.24%% 151 + 1 (1)

provided in the component’s datasheet. The control resistors R1 and R2 were chosen to
be near the maximum of that range, about 4.96 V. Although all the tests described below
were done with an LM385, we prefer the LM 185, which is identical except that it
requires a somewhat lower minimum current (see Appendix A). The LM185 requires a
minimum current of 30 LA at 4.96 V, with a worst-case minimum current of 45 HA. A
search for a lower current reference diode produced no results.

The design was simulated and tested in the same way as the transistor design,
with a few modifications. The adjustable LM385 voltage reference is an older device, so

Vi no SPICE models were available for it.
0 R1 Instead, it was modeled as a static voltage
€7 \450/ Ut 100K source. As the values of the control
7z resistors R1 and R2 (100 kQ and 300 k€,
Ry LM Rz respectively) provide about a 4.96 V
12MEG 300K reference from the LM385, the source in
— the simulation was set to this value.
. i STD2NK70Z The simulations show that the 12
MQ resistor R3 does not have a large
af impact on the two main quantities of
MMBT3904 . | interest — the circuit’s voltage drop at load
R4 condition and the circuit’s current limiting
1.5k ability at short condition (Fig. 5). The
voltage drop does not appear to change at

rroap all with R3, while only the slope of the
§1OMEG limited current changes, and even then
only slightly. The simulation suggests that
to stay in the safe range of about 0.5 mA

Fi 4: MOSFET t limit
1sure cufrent Hmiter or less, R3 need be about 5 MQ or higher.

schematic.



Load current vs. input voltage with varied R3
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Figure 5: Simulation of current limiting of the MOSFET circuit with different values of
R3 for a short-circuit condition. The dotted line is the 0.5 mA maximum.

3.b. Testing

The circuit provided a hard cap on load current in the short condition: the current
increase nearly halted at about 300 PLA, with an increase of just 1.33x10™* mA/V after
that, as shown in Fig. 6. At load condition, the variation in the voltage drop is only about
30 mV through 400-500 V (with a calculated slope of 0.0003), as shown in Fig. 7. The
only significant change in the drop over the range we tested was a ramping up to the final
voltage drop of about 5V that occurred at an input voltage below 200 V.



Measured and Simulated Current, MOSFET design
R3 varied, load shorted

0.0006 -
0.0005 |
0.0004 -|
<
'g (A & measured, R3=5.67M
£ 0.0003 - ——simulated, R3=5.67M
g ’ A measured, R3=10M
§ — simulated, R3=10M
0.0002 |
b
0.0001 |
0 ‘ ; . ; ; ‘
0 100 200 300 400 500 600

Input voltage (V)

Figure 6: Current in the MOSFET limiter design with different values of R3, as a
function of the input bias.
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Figure 7: Voltage drop in the MOSFET limiter design at load condition as a function of
the input bias.



The voltage drop measured across the MOSFET limiter circuit consists of three
regions defined by their behavior as a function of the input bias. In the first region,
extending up to about 200 V, the voltage drop increases slowly. The second region, the
“ramp,” extends from about 200-250 V and the drop rises sharply. In the third region, the
plateau extending from 250 V on, the voltage drop is nearly unchanged.

To investigate this behavior voltages were measured across the LM385 and the
D2NK70Z MOSFET in addition to the entire limiter circuit. These three are plotted
together against the input voltage in Fig. 8. In the first region, the voltage drop across the
LLM385 is slowly increasing, while that across the MOSFET is decreasing at nearly the
same rate. Together, these account for the slow increase in the total voltage drop. After
the MOSFET is fully turned on at about 200 V, the LM385 voltage drop continues to
increase, accounting for the ramping region. After about 250 V, in the plateau region, the
LLM385 has reached its peak voltage drop, and the circuit is stable.
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Figure 8: Voltage drops across the entire limiter circuit, LM385 and MOSFET, as a
function of input bias.

The reason the LM385 voltage only plateaus at 250 V and beyond is that it must
be supplied a current of more than about 30 LA for reverse breakdown to occur. Past 30
HA, the LM385 voltage remains almost constant. The reference was tested up to about
0.8 mA with no change in voltage; the datasheet for the LM385 claims it will operate at
up to 20 mA.



In order to verify the behavior of the LM385, the control resistors R1 and R2 were
varied, confirming the validity of the LM385 equation given above (Eq. 1). Figure 9
shows the result of one such test.

LM385 Reference voltage vs. R2
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Figure 9: LM385 reference voltage vs. R2 with R1 held constant.

3.c. Required Resistor Tolerances

It is possible to calculate the required resistor tolerance needed to keep the output
voltage of the LM385 within 100 mV. The variation in the voltage is given by

R
AV = 1.24(R%j(x2 ~x,)

1
=3.72(x, — x,)

where x; = AR}/R; and x; = AR,/R;, and we have set R,/R| = 3. Adding the two LM385
resistor variances in quadrature gives:

2)

R
AV = 1.24(—2j (x, ) +(x,) (3)
Rl
Assuming x; = x; = x gives:
R
AV = 1.24(—2}@ 4)
1

How we do the resistances need to be known? Solving for x gives:



AV

:—R’
12442 %I

which, with AV =100 mV, R, =300 kQ and R; = 100 kQ, gives x = 1.9%.

Generally, resistors are made in large batches of a certain resistance. A
representative sample of a batch is tested for resistance. The variation in the sample is
used to determine what tolerance the batch will be marked with. Resistors marked as 1%
tolerance, therefore, should be guaranteed not to exceed this requirement. (Note that one
set of 5% resistors we used was not within specifications!)

&)

X

3.d. Tests of Variation of Active Components on Performance

To determine the impact of the variation of the active components on the output
voltage a circuit was built such that the LM385, MOSFET and BJT were all easily
switched out for testing. The voltage drops across the limiter circuit was measured with
ten of each component. The drops due to the different LM385s all fell within about 25
mV of each other (Fig. 10), those due to the different STD2NK70Z MOSFETs were all
within about 10 mV (Fig. 11), and those due to the different MMBT3904 transistors were
all within about 3 mV (Fig. 12).

voltage drop through circuit, MOSFET design
varied LM385s

475 4
4.745

474 4

4735 - ——
= L1

=12

s 4731 / L3
§ L4
"5 4795 7/‘/ o
@ 1 —o—L5
S ——L7
g 4721 —ls
L9

4715 1 L10

471 4

4.705 -

4.7 T T T T T T T T T |
400 410 420 430 440 450 460 470 480 490 500

input voltage (V)

Figure 10: The voltage drops of the MOSFET limiter circuit using 10 different LM385
reference diodes.
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Voltage across limiter at load condition, MOSFET design (detail)
Varied D2NK70Z
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Figure 11: The voltage drops of the MOSFET limiter circuit using 10 different
STD2NK70Z MOSFETs.
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Figure 12: The voltage drops of the MOSFET limiter circuit using 10 different
MMBT3904 transistors..
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3.c. Cost

Component  Price # Total

Im385 $0.30625 1  $0.306
MMBT3904 $0.01000 1  $0.010
10Mohm $0.00500 1  $0.005
1.5kohm $0.00512 1 $0.005
100kohm 1% $0.00825 1  $0.008
300kohm 1% $0.00900 1  $0.009
STD2NK70Z $0.54000 1  $0.540

Table 2: MOSFET circuit price.

Due to the cost of the LM385 reference diode and the high-voltage transistor, the
MOSFET circuit design is more expensive than the transistor design, with a per-circuit
parts price of $0.88.

4. Conclusion

The transistor current limiter circuit does an excellent job of keeping short-circuit
current in check. In addition, it is very low-cost, does not require any precision
components and has fewer components overall. The voltage drop variation, however, is
such that a downstream voltage regulator is needed.

The MOSFET current limiter circuit, while more expensive than the transistor
circuit, has an extremely even and reproducible voltage drop, although somewhat larger.
(Care must be taken to keep the load current above 50 LA when using the LM 185.)
Hence it could be used without a downstream voltage regulator. Using one circuit per
board rather than per channel will ameliorate the price.
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National
Semiconductor

LM185/LM285/LM385

General Description

The LM185/LM285/LM385 are micropower 3-terminal ad-
justable band-gap voltage reference diodes. Operating from
1.24 to 5.3V and over a 10pA to 20mA current range, they
feature exceptionally low dynamic impedance and good tem-
perature stability. On-chip trimming is used to provide tight
voltage tolerance. Since the LM185 band-gap reference uses
only transistors and resistors, low noise and good long-term
stability result.

Careful design of the LM185 has made the device tolerant of
capacitive loading, making it easy to use in almost any refer-
ence application. The wide dynamic operating range allows
its use with widely varying supplies with excellent regulation.
The extremely low power drain of the LM185 makes it useful
for micropower circuitry. This voltage reference can be used
to make portable meters, regulators or general purpose ana-
log circuitry with battery life approaching shelf life. Further, the

Adjustable Micropower Voltage References

January 30, 2008

wide operating current allows it to replace older references
with a tighter tolerance part.

The LM185 is rated for operation over a -55°C to 125°C tem-
perature range, while the LM285 is rated —40°C to 85°C and
the LM385 0°C to 70°C. The LM185 is available in a hermetic
TO-46 package and a leadless chip carrier package, while the
LM285/LM385 are available in a low-cost TO-92 molded
package, as well as S.O.

Features

m  Adjustable from 1.24V to 5.30V

m Operating current of 10pA to 20mA
m 1% and 2% initial tolerance

® 10 dynamic impedance

m Low temperature coefficient

Connection Diagrams
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Top View
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Ordering Information

LM185/LM285/LM385

Package Temperature Range NSC
Drawing
-55°C to 125°C —40°C to 85°C 0°C to 70°C
LM185BH
LM185BH/883
TO-46 HO3H
LM185BYH
LM185BYH/883
LM285BXZ LM385BXZ
LM285BYZ LM385BYZ
TO-92 Z03A
LM285Z LM385BZ
LM385Z2
. LM285M LM385M
8-Pin SOIC MO8A
LM285BYM LM385BM
20-L§adless Chip LM185BE/883 E20A
Carrier

Block Diagram

Typical Applications

1.2V Reference

R1
500k

1.24V

525014

525013

5.0V Reference

50k

5V
R2

120k
FB

R3
364k

525002

R3
Vout = 1.24 (— +1 )

R2
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 2)
Reverse Current 30mA
Forward Current 10mA

Operating Temperature Range (Note 3)
LM185 Series
LM285 Series
LM385 Series

-55°C to 125°C
-40°C to 85°C
0°C to 70°C

Electrical Characteristics (Note 4)

ESD Susceptibility (Note 8) 2kV
Storage Temperature -55°C to 150°C
Soldering Information

TO-92 Package (10 sec.) 260°C
TO-46 Package (10 sec.) 300°C
SO Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See An-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

LM185, LM285 LM385
LM185BX,
LM185BY LM385BX,
LM185B, LM285 LM385 .
y LM285BX, LM385BY Units
Parameter Conditions Typ LM285BY Typ (Limit)
Tested | Design | Tested | Design Tested | Design | Tested | Design
Limit | Limit | Limit | Limit Limit | Limit | Limit | Limit
(Note | (Note | (Note | (Note (Note | (Note | (Note | (Note
5) 6) 5) 6) 5) 6) 5) 6)
Reference Iz = 100pA 1.240 | 1.252 1.265 | 1.270 |1.240| 1.252 | 1.255 | 1.265 | 1.270 \
Voltage
1.255 (max)
1.228 1.215 | 1.205 1.228 | 1.215 | 1.215 | 1.205 \
1.215 (min)
Reference Iun< lg < TMA 0.2 1 1.5 1 1.5 0.2 1 1.5 1 1.5 mV
Voltage
Change with [1mA < Iz <20mA 4 10 20 10 20 5 15 25 15 25 (max)
Current
Dynamic Ig = 100pA, f=
Output 100Hz
Impedance [l,c=0.11g  Vgoyr=| 0.3 0.4
Q
VRer
Vour=| 07 1
5.3V
Reference Iz = 100pA
Voltage R 1o mv
Change with 1 3 6 3 6 2 5 10 5 10 (max)
Output
Voltage
Feedback 13 20 25 20 25 16 30 35 30 35 nA
Current (max)
Minimum Vout = VRer 6 9 10 9 10 7 11 13 11 13 YA
Operating
Current (see [Vgoyr=5.3V 30 45 50 45 50 35 55 60 55 60 | (max)
curve)
Output Iz = 100pA, 10Hz < f <
Wideband 10kHz
Noise Vout = VRer 50 50 HV s
Vout = 5.3V 170 170
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LM185/LM285/LM385

LM185, LM285 LM385
LM185BX,
LM185BY LM385BX,
LM185B, LM285 LM385 .
; t conditi LM285BX, LM385BY Units
arameter onditions Typ LM285BY Typ (Limit)
Tested | Design | Tested | Design Tested | Design | Tested | Design
Limit | Limit | Limit | Limit Limit | Limit | Limit | Limit
(Note | (Note | (Note | (Note (Note | (Note | (Note | (Note
5) 6) 5) 6) 5) 6) 5) 6)
Average Iz =100pA X Suffix 30 30 ppm/°
Temperature c
Coefficient Y Suffix 50 50 (max)
(Note 7)
All 150 150 150 150
Others
Long Term Iz = 100pA, T = 1000 20 20 ppm
Stability Hr,
T,=25°C+0.1°C

LM185
LM285
LM385

150°C
125°C
100°C

Thermal Resistance

TO-92

TO-46

SO-8

64 (Junction to Ambient)

180°C/W (0.4 leads)
170°C/W (0.125 leads)

440°C/W

165°C/W

6, (Junction to Case)

N/A

80°C/W

N/A

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.
The guaranteed specifications apply only for the test conditions listed.

Note 2: Refer to RETS185H for military specifications.
Note 3: For elevated temperature operation, T ;max is:

Note 4: Parameters identified with boldface type apply at temperature extremes. All other numbers apply at T, = T; = 25°C. Unless otherwise specified, all
parameters apply for Vgeg < Vot < 5.3V.

Note 5: Guaranteed and 100% production tested.
Note 6: Guaranteed, but not 100% production tested. These limits are not to be used to calculate average outgoing quality levels.

Note 7: The average temperature coefficient is defined as the maximum deviation of reference voltage at all measured temperatures from Ty, to Ty;ax, divided
by Tyax — Twin- The measured temperatures are -55, -40, 0, 25, 70, 85, 125°C.

Note 8: The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin.
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Typical Performance Characteristics

Temperature Drift of 3
Representative Units
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LM185/LM285/LM385

Output Noise Voltage Dynamic Output Impedance
" 100 E | —
10,000 [ IR=100 1A = IR =100 4A an—vngp/
VouT=5.3V = [ AlR=0.1 IR
——— =3 - Ta=25°C 4
— l §‘> t;
% 1,000 — VOUT = VRgF 2 0E /,l
— = —
~ — p—
z - \\ g F I, VouT =53V
4 i 5 I
] 5 1 E
S 100 3 \ E e a—
— a =
g0 il nnd WETT T p.q ALl L 1)l
10 100 1k 10k 100k 10 100 1k 10k 100k
FREQUENCY (Hz) FREQUENCY (Hz)
525022 525023
Response Time
6
5
OUTPUT INPUT
4
— I 3K OUTPUT
s 3
& / > 120k
a2 >
= {
8 > 364K
>
n > |
10 }
INPUT
0
0 50 100 150 200
TIME (us)
525024
Temperature Coefficient Typical
LM185 LM285 LM385
£ = 2 g s %
04 0 0 0 0 0=
- 1
n 3“'24)_ AY# 4 4 F vt
. A Y D 4 1 He Yo »
AY m hl -
- -5 91 1 -
AT 5000-0.5 o 4 -5k
T - 5000 —- 0.5 B
7000 ~ 1 -
L1 L1 _ —10 L1 1 i L
-55 —-25 0 +25 +70+85 +125 —55-40 0 +25 +70+85 +125 7000 -
JEMPERATURE (°C) TEMPERATURE (°C) 4 dq I
o my/°C 0 +25 +70
0.035 mv/ec » 0.025 lm_woc > 0.032
0.0028 %/°C Yo/°C —» 0.002 TOTAL AY IN ppm 0p/oC— 0.0026 .
Q) p— 0 - 0 -— A
(28] ppmi/°C ppm/°C——{20] TEMPCO = —m— ppm/°C—»-[26] TEMPCO =3

525004

www.national.com 6



Typical Applications

Precision 10V Reference
15V

525025

25V Low Current Shunt Regulator
v+

'

3 S 1004 < 1< 5mA

Vour
25V

525027

Low AC Noise Reference
15V

R1
100K
Vour
v
R2
+ 120k
FB
LM385
— .J.l 2
f[\ 10 4F
R4 C1 R3
33 0.47 uF 360 ke

525026

200 mA Shunt Regulator
v+

Vour
2.5V

2N2219

120k

525028
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LM185/LM285/LM385

Series-Shunt 20 mA Regulator

LM

R2
100k

vour
—-1.8VT0 -5V

1N457
D2

2N2905

- 15V

525029

Voltage Level Detector

R1
120k

R2
™
< =12V
R3 LED ON
200
-5V

525031

Fast Positive Clamp

2.4V + AVp,
Vin
| * R1
Vour
‘ R2 D1
IN914
50 ;A
D2
IN914
R3
+ 240K
LM385 8
- R4
240K

525033

High Efficiency Low Power Regulator

5.1V 10 16V
VIN
R HEAjT SINK
22k i Ig=70,A
= 2N2905 0 < lpyr < 50 mA
T I
tr
> >
A2 S R3 R7
3k4§ 1M<§ 13: + 332k
FB 1%
LM385
hal
RS A~
T~
2N3904 10k $ RS 300 F
Sm
1%
R6

22k
®

R1
120k

R2
™

> —12V
LED ON

525032

Bidirectional Clamp
+2.4V

Vin

) g

Vour
174
IN457

FB
LM385 F8

LM385

D1 510K
IN457

525034

525030
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Bidirectional Adjustable Clamp Bidirectional Adjustable Clamp
+1.8V to +2.4V +2.4V to +6V

Vout Vour
IN457 IN4S7
LM385 |
+
LM385
+
505035 525036
Simple Floating Current Detector Current Source
07020 mA +15V
—_—
+5V
+ R1
+
1N4002 LM385 LM385
D2 — R2 FB
470k =
o1 2N2905
1 = LW
o-l 2 * 5 R2
\ CMOS 120k
\
3 4 -
N.C.=— 4n28 1 14A < lgyt < 100 mA
1.24V
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ITHRESHOLD =120+ % =32mA = =
525038
525037
Precision Floating Current Detector
07020 mA
—_—
+5V
+
LM385

R3
100k

Y | .

R4
4 10M

1N4002 IN2222

M

R2
22k

D1*

~N

o—e

-

3
1.24v NE-=1  anes
ITHRESHOLD =~ =3.7 mA= 2%

525039
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LM185/LM285/LM385

*D1 can be any LED, Vg=1.5V to 2.2V at 3 mA. D1 may act as an indicator. D1 will be on if l;ypesHoLp falls below the threshold current, except with 1=0.

Centigrade Thermometer, 10mV/°C Freezer Alarm

me
>
E
>

100k 1

A2 < TS 1uF MALLORY
180k S + SONALERT
< N SNP-428
T M3
< | L
45 = I
TEMP = R
| LM334 1
SENSOR -r : N
V- BS 4 <
TEMP 2% | 2.2k €
J

SENSOR

2N2222

BEEPS AT TEMPERATURES ABOVE THAT SET
BY R1 (RANGE IS —30°F to +120°F)

1}

525011 525012

Schematic Diagram

REFERENCE

c2
20 pF
-
’J?s.sv o
RS
600k

FEEDBACK

é R1 2’ p3 06
S 100k 500 o)

525008
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Physical Dimensions inches (millimeters) unless otherwise noted

0.350+.008
[8.89%0.2]

0.320 MAX ———=
[8.131

.069*.006 —(—_I 1.27+0.12]

[1.76%0.15]

— 4x.200+, 005
| [5.080.12]
16X.050%.005 —F—»I
[ '

3X 45°X% .040%.010
[1.02%0.25]

CONTROLLING DIMENSION IS INCH
VALUES IN [ ] ARE MILLIMETERS

20-Leadless Chip Carrier (E)
NS Package Number E20A

CONTROLLING DIMENSION 1S INCH
VALUES IN [ ] ARE IN MILLIMETERS

HO3H (Rev F)

TO-46 Metal Can Package (H)
NS Package Number HO3H

20X.025%.003
[0.6440.07)

19X.050*.005
[1.2740.12]

E20A (Rev F)

11
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b——

4.910.
[.193+.004)
NOT INCLUDING MOLD FLASH
0.150.006] MAX PER END

10 Af

=]
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6+0.2
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3.
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A ——
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A
004]
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S
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==
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]
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TO-92 Plastic Package (2)
NS Package Number Z03A
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LM185/LM285/LM385 Adjustable Micropower Voltage Reference
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STD2NK70Z
STD2NK70Z-1

N-channel 700V - 6Q- 1.6 A - DPAK/IPAK
Zener protected SuperMESH™ Power MOSFET

General features

Type Vpss | Rbs(on) Ib Pw
STD2NK70Z 700V 7Q 1.6A 45W
STD2NK70Z-1 700V 7Q 1.6A 45W

Extremely high dv/dt capability
ESD improved capability
100% avalanche tested

New high voltage benchmark

Gate charge minimized

Description

The SuperMESH™ series is obtained through an
extreme optimization of ST’s well established
strip-based PowerMESH™ layout. In addition to
pushing on-resistance significantly down, special
care is taken to ensure a very good dv/dt
capability for the most demanding application.
Such series complements ST full range of high
voltage MOSFETSs including revolutionary

DPAK

IPAK

Internal schematic diagram

D(2)
0

MDmesh™ products. G)

Applications

m Switching application o  scisoto

s(3)

Order codes
Part number Marking Package Packaging
STD2NK70Z D2NK70Z D2PAK Tape & reel
STD2NK70Z-1 D2NK70Z2 IPAK Tube

July 2006

Rev 3

1/16
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Electrical ratings

Electrical ratings

Table 1. Absolute maximum ratings
Symbol Parameter Value Unit
Vps Drain-source voltage (Vgg = 0) 700 \Y
VbGRr Drain-gate voltage (Rgs = 20 k<) 700 \Y
Vas Gate- source voltage +30 \Y%
Ip Drain current (continuous) at T¢ = 25°C 1.6 A
Ip Drain current (continuous) at T¢ = 100°C 1 A
IDM“) Drain current (pulsed) 6.4 A
Piot Total dissipation at T¢ = 25°C 45 w
Derating factor 0.36 w/°C
VESD(G-9) Gate source ESD (HBM-C = 100pF, R = 1.5 KQ) 2000 Vv
dv/dt @ Peak diode recovery voltage slope 4.5 V/ins
Tstg Storage temperature 55 16 150 o
T Max. operating junction temperature
Pulse width limited by safe operating area.
2. Igp 4.6A, di/dt 200A/ps, Vpp Vgrypss: Ti <Tymax
Table 2. Thermal data
Rthj-case Thermal resistance junction-case max 2.78 °C/W
Rthj-amb Thermal resistance junction-ambient max 100 °C/W
T, Maximum lead temperature for soldering purpose 300 °C
Table 3.  Avalanche characteristics
Symbol Parameter Value Unit
Ias Avalanct?e cu'rre.nt, repet.itive or not-repetitive 16 A
(pulse width limited by Tj Max)
S s e oo
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Electrical ratings
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1.1

4/16

Table 4. Gate-source zener diode

Symbol Parameter Test Condition Min. Typ. Max Unit
Gate-source .
BVaso | preakdown voltage Igs= + 1mA (open drain) 30 A

Protection features of gate-to-source zener diodes

The built-in back-to-back Zener diodes have specifically been designed to enhance not only
the device’s ESD capability, but also to make them safely absorb possible voltage transients
that may occasionally be applied from gate to source. In this respect the Zener voltage is
appropriate to achieve an efficient and cost-effective intervention to protect the device’s
integrity. These integrated Zener diodes thus avoid the usage of external components.

J
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Electrical characteristics

2 Electrical characteristics

(Tcase=25°C unless otherwise specified)

Table 5.  On/off states
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Drain-source breakdown
V Ip=1mA, Vgg=
(BRIDSS | yojtage p=1mA, Vgs=0 700 Y
| Zero gate voltage drain Vps = Max rating, 1 HA
DSS |current (Vgs = 0) Vps = Max rating @125°C 50 | pA
Gate body leakage current
lass Y 9 Vgs = +20V +10 nA
(Vbs =0)
Vash) |Gate threshold voltage Vps= Vs Ip = 50pA 3 375 | 45 v
Static drain-source on
R Vgs= 10V, Ip= 0.8A
DS(on) | resistance GS D 6 / Q
Table 6. Dynamic
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
g (" | Forward transconductance | Vps =15V, Ip=0.8A 1.4 S
Ciss Input capacna.\nce 280 pF
Coss | Output capacitance Vpg =25V, f=1 MHz, 35 oF
c Reverse transfer Vas=0 6.5 E
rsS capacitance ’ P
C (2) | Equivalent output Viaez0. Ve =0V to 560V
osseq capacitance GS™ DS ° 17 PF
t ) .
d(ton) 'IF;urn on delay time Vpp=350 V, Ip= 0.8A, 177 ns
r ise time ns
Rg=4.72 Vgg=10V
taofy | Turn-off delay time G ) 2 Ves 20 ns
t  |Falltime (see Figure 14) 35 ns
Qg | Total gate charge Vpp=560V, Ip = 0.8A 11.4 nC
Qgs Gate-source charge Vgg =10V 2 nC
di Gate-drain charge (see Figure 15) 6.8 nC

Pulsed: pulse duration=300ys, duty cycle 1.5%

2. Cyss eq. is defined as a constant equivalent capacitance giving the same charging time as Cgs When Vpg
inceases from 0 to 80% Vpgg

5/16
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Table 7.  Source drain diode
Symbol Parameter Test conditions Min | Typ. | Max | Unit
Isp Source-drain current 1.6 A
Ispm™ | Source-drain current (pulsed) 6.4 A
Vgp® | Forward on voltage lsp=1.6A, Vgg=0 1.6 Y]
. . lsp=1.6A, -
everse recovery time ns
" y di/dt = 100A/ps,
Q, Reverse recovery charge . 918 ucC
VDD=50V, Tj=25°C
lrrm | Reverse recovery current _ 55 A
(see Figure 16)
. . Isp=1.6A, 550
everse recovery time ns
" v very di/dt = 100A/ps,
Q. Reverse recovery charge : 1050 ucC
Vpp= 50V, Tj=150°C
lrrm | Reverse recovery current 6 A

(see Figure 16)

Pulse width limited by safe operating area

2. Pulsed: pulse duration=300ps, duty cycle 1.5%

J




STD2NK70Z - STD2NK70Z-1

Electrical characteristics

2.1

Electrical characteristics (curves)

Figure 1. Safe operating area Figure 2. Thermal impedance
(A) HV22240 6034360
I K
2|
10 == =
. 2 10° —
. AN =0 ma
\ s _ —T al
1o°2 _,,"@:«,@a £ 3 1004 6=0.208TT1H
4 & & 6=0.11
g\(\ & ims 107" =T i Zip =KRipj—o
2 & (i
1o é"k_\\ab& 1oms /5‘:‘()‘65 b=ty /T
=S 7= 1507 I g\ogwm L
4 o =0.
:n’zljc g §=0.01 T
2 mules 1072 SINGLE PULSE
1010_‘2 o Tes e T Ve (V) 107 107 107 1077 107" ,(s)
Figure 3. Output characterisics Figure 4. Transfer characteristics
V22210 HV22215
Io(A) ‘ Io(A)
3 3
Ves=10V | 8V_A
// BV Vos=25V
2 A 2 /
/
y/ /
Vi /
4 /
1 / 5V 1
S
y4 //
0 5 10 15 20 Vos(V) 0 2 4 6 8 Ves(V)
Figure 5. Transconductance Figure 6. Static drain-source on resistance
HV22290 R HV22280
grs(S) ‘ ‘ DS(on)
© | ]
Ve Vos=15V Vos=10V /
T)=—50°C 5.8
2
ol 5.6
1.5
] 25°C
5.4
1 /4 —
/| /
"4 °
150 °C 5.2
0.5 /
0 5
0 0.3 06 09 1.2 1.5 o(A) 0 0.4 0.8 1.2 1.6 Ip(A)
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Figure 7. Gate charge vs gate-source voltage Figure 8. Capacitance variations
HV22220
Ves (V) ‘ ‘ HV22230 C(oF) -
= z
600 Ves=0V
12 Voo=560V
lo=1.6A
9 400
\\ N, Ciss
6
/ 200 \Q
3
Cros]\. o
T
0 2 4 6 8 10 Qg(nc) 0 10 20 30 40 Vos(V)
Figure 9. Normalized gate threshold voltage Figure 10. Normalized on resistance vs
vs temperature temperature
HV22300 HV22270
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Ib=50uA
1.1 2.5
1 2.0
74
0.9 1.5 L/
Ves=10V
0.8 1.0 b=08a [ |
0.7 0.5
0
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Figure 11. Source-drain diode forward
characteristics

Figure 12. Normalized Bypgg Vs temperature
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Figure 13. Maximum avalanche energy vs

temperature
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3

Test circuit

Figure 14. Switching times test circuit for

resistive load

Figure 15. Gate charge test circuit

2200
wF

=

—

3.3
i
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[

5€05990

Vi =20V=Vgyax

12v
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47K Q A
H

100nF
T
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e

ELZﬁgo

A
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|
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SC06000

Figure 16. Test circuit for inductive load

Figure 17. Unclamped Inductive load test

switching and diode recovery times circuit
.
Vo o— 4
1000 2200 3.3
uF Voo o— 1 nF uF Voo
- T s E = = =
o |
' 5?
SC06010 ‘?W‘ ; <casorn
Figure 18. Unclamped inductive waveform Figure 19. Switching time waveform
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L tdgn __tr] | tdoee __tf
oo 307
. 10% VDS 10%
VGS 0%
- 107

SC05980

scanozo
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4 Package mechanical data

In order to meet environmental requirements, ST offers these devices in ECOPACK®
packages. These packages have a Lead-free second level interconnect . The category of
second level interconnect is marked on the package and on the inner box label, in
compliance with JEDEC Standard JESD97. The maximum ratings related to soldering
conditions are also marked on the inner box label. ECOPACK is an ST trademark.
ECOPACK specifications are available at: www.st.com

‘ﬁ 11/16




Package mechanical data

STD2NK70Z - STD2NK70Z-1

TO-251 (IPAK) MECHANICAL DATA

DIM mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 22 24 0.086 0.094
Al 0.9 1.1 0.035 0.043
A3 0.7 1.3 0.027 0.051
B 0.64 0.9 0.025 0.031
B2 52 5.4 0.204 0.212
B3 0.85 0.033
B5 0.3 0.012
B6 0.95 0.037
C 0.45 0.6 0.017 0.023
C2 0.48 0.6 0.019 0.023
D 6 6.2 0.236 0.244
E 6.4 6.6 0.252 0.260
G 44 4.6 0.173 0.181
H 15.9 16.3 0.626 0.641
L 9 9.4 0.354 0.370
L1 0.8 1.2 0.031 0.047
L2 0.8 1 0.031 0.039
H
[3)
1
B} 2
b
L2 D L
(] ©
1 g |
(v} i )Jﬁ
[
I n I
we N (2 " O —— G-
1 @ [ | o ‘H
- — |
L1
0068771-E
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Package mechanical data

DPAK MECHANICAL DATA

mm. inch
DIM.
MIN. TYP MAX. MIN. TYP. MAX.
A 22 2.4 0.086 0.094
A1 0.9 11 0.035 0.043
A2 0.03 0.23 0.001 0.009
B 0.64 0.9 0.025 0.035
b4 5.2 5.4 0.204 0.212
(e} 0.45 0.6 0.017 0.023
c2 0.48 0.6 0.019 0.023
D 6 6.2 0.236 0.244
D1 5.1 0.200
E 6.4 6.6 0.252 0.260
E1 4.7 0.185
e 2.28 0.090
el 4.4 4.6 0.173 0.181
H 9.35 10.1 0.368 0.397
L 1 0.039
(L1) 2.8 0.110
L2 0.8 0.031
L4 0.6 1 0.023 0.039
R 0.2 0.008
V2 0° 8° 0° 8°
0068772-F
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5

DPAK FOOTPRINT

Packaging mechanical data

6.7

1.8, 3.0

6.7

1.6

All dimensions are in millimeters

TAPE AND REEL SHIPMENT

P REEL MECHANICAL DATA
B Access hole ™ T mm inch
at slot location DIM.
MIN. [ MAX. | MIN. | MAX.
Sl A 330 12.992
L/:H: c T B 15 0.059
7N v C | 128 | 13.2 [0.504 [0.520
A D AP - — - 11N
F f ] l D 20.2 0.795
\\/y\ oo st - G | 164 | 18.4 |0.645 |0.724
i ape slof —» -
Full radius in core for & heasured N1 50 1.068
tape start
25mm min. T 22.4 0.881
- width
BASE QTY BULK QTY
TAPE MECHANICAL DATA SEQ uLka
_ 2500 2500
mm inch
DIM.
MIN. | MAX. | MIN. | MAX. _ _
Ko P2 PQ['?&?Q?SZ%%%?“&“'VQ
A0 | 6.8 7 |0.267 [0.275 - D r 7 L Gerance onap
BO | 10.4 | 10.6 [0.409 [0.417 Top i I
B1 121 0.476 e e e—
/ T T I L
D 15 | 1.6 |0.059|0.063| B Bo l7¢_ o ftof-oft o w
D1 | 15 0.059 o L
E | 165 | 185 [0.0650.078 |, —L— Al T e | Ontertine
F 74 | 76 (02910299 | g - of cavity
KO | 255 | 2.75 [0.100 | 0.108 around 8o User Direction of Feed
PO | 39 | 41 |0.153 |0.161 TRt
O 000000 O0O0
P1 | 7.9 | 81 |0.311 |0.319 — R min.
P2 | 1.9 | 21 [0.075 |0.082 & & S g &
R 40 1574 |
W 15.7 | 16.3 | 0.618 | 0.641 FEED DIRECTION Bending radius
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6

Revision history

Table 8.  Revision history

Date Revision Changes
21-Jan-2005 1 First Release
10-Jun-2005 2 Updated Figure 1: Safe operating area
13-Jul-2006 3 New template, no content change
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
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