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UC1843B-SP QML Class V, Radiation Hardened Current-Mode PWM Controller

1 Features

QML class V (QMLV) qualified, SMD 5962-86704
5962R8670412VYC:

— Radiation hardness assurance (RHA) up to
100-krad(Si) total ionizing dose (TID)

Optimized for offline and DC-to-DC converters
Low start-up current (< 0.5 mA)

Trimmed oscillator discharge current
Automatic feed forward compensation
Pulse-by-pulse current limiting

Enhanced load response characteristics
Undervoltage lockout (UVLO) with hysteresis
Double-pulse suppression

High-current totem-pole output
Internally-trimmed bandgap reference
500-kHz operation

Low Rg error amplifier

2 Applications

» DC-DC converters
+ Communications payload
* Optical imaging payload
* Radar imaging payload
» Supports various topologies:
— Flyback, forward buck, boost

— Push-pull, half-bridge, full-bridge with external
interface circuit

3 Description

The UC1843B-SP control IC is a radiation hardened
pin-for-pin compatible version of the UC1843A-SP.
Providing the necessary characteristics to control
current-mode switched-mode power supplies, this
device has improved features. Start-up current is
specified to be less than 0.5 mA and oscillator
discharge is trimmed to 8.3 mA. During UVLO, the
output stage can sink at least 10 mA at less than 1.2
V for Vg over 5 V.

Device Information

PART NUMBER() GRADE® PACKAGE
Flight grade QMLV-
5962R8670412VYC -
RHA 100 krad(Si) CFP/HKU (10)
i i 6.48 mm x 7.02 mm
UC1843BHKU/EM | ENgineering
samples®
Flight grade QMLV-
5962R8670412V9A |RHA KGD 100 Die
krad(Si)

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.

(2) For additional information about part grade, view SLYB235.

(3) These units are intended for engineering evaluation only.
They are processed to a noncompliant flow. These units are
not suitable for qualification, production, radiation testing or
flight use. Parts are not warranted for performance over the
full MIL specified temperature range of -55°C to 125°C or
operating life.

Simplified Schematic

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision A (September 2019) to Revision B (December 2020) Page
» Updated the numbering format for tables, figures, and cross-references throughout the document.................. 1
o Updated APPlICAtIONS SECHON.........ooi ittt e e e e e e e e e e e e e e e e e e e s 1
» Updated Device Information table in Description SECHON..............uuviiiiiii i 1
» Added Bare Die Information table to Pin Configuration and Functions section...............ccccoovceieeiiiniiiiccienee 3
* Added UC1843B-SP Bare Die Pin Locations figure to Pin Configuration and Functions section....................... 3
* Added Bond Pad Coordinates in Microns table to Pin Configuration and Functions section..............ccccccco...... 3
Changes from Revision * (April 2019) to Revision A (September 2019) Page
» Changed the package image in the Pin Configuration and Functions section..............ccccccceeeviiieeeeesciene e, 3

* Changed <10 mA To: <17 mA in Figure 7-5
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5 Pin Configuration and Functions
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Figure 5-1. HKU Package
10-Pin CFP
Top View
Table 5-1. Pin Functions
PIN
110 DESCRIPTION
NAME NO.
Comp 1 | Error amplifier output.
Veg 2 | Voltage feedback input to error amplifier.
IsEnsE 3 | Current sense comparator input pin.
R+/Ct 4 | RC time constant input to oscillator.
NC 5,6 — No connect.
Gnd 7 — Ground.
Output (0] Regulated output.
Vee — Unregulated supply voltage.
VRer 10 (0] 5-V internally generated reference.
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Table 5-2. Bare Die Information

BOND PAD
DIE THICKNESS BACKSIDE FINISH BACKSIDE POTENTIAL METALLIZATION BOND PAD THICKNESS
COMPOSITION
15 mils Backgrind Si - Finish Ground AlCu 2000 nm
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Figure 5-2. UC1843B-SP Bare Die Pin Number Locations
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Table 5-3. Bond Pad Coordinates in Microns

DESCRIPTION PAD NUMBER X MIN Y MIN X MAX Y MAX

COMP 1 55.88 1935.458 170.181 2052.3
VFB 2 55.88 1651.829 170.181 1768.671
ISENSE 3 55.88 925.028 170.181 1041.87

RY/Ct 4 55.88 481.858 170.181 598.7
N/C 5 165.623 74.746 279.925 191.588
N/C 6 343.425 74.746 457.726 191.588
N/C 7 521.227 74.746 635.528 191.588
N/C 8 704.109 74.746 818.41 191.588
N/C 9 881.91 74.746 996.211 191.588
N/C 10 1062.932 74.746 1177.234 191.588
GND 1 1662.756 384.359 1777.057 501.201

GND 12 1449.69 481.858 1563.991 598.7
OUTPUT 13 1620.685 889.041 1734.986 1005.883
VCC 14 1620.685 1172.67 1734.986 1289.512
VCC 15 1620.685 1358.803 1734.986 1475.644
VREF 16 1620.685 1731.066 1734.986 1847.907
N/C 17 1523.03 2254.009 1637.331 2370.85
N/C 18 1345.228 2254.009 1459.529 2370.85
N/C 19 1162.346 2254.009 1276.647 2370.85
N/C 20 984.544 2254.009 1098.846 2370.85
N/C 21 806.742 2254.009 921.043 2370.85
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature (unless otherwise noted)
MIN MAX UNIT
Vee Supply voltage, low-impedance source(") 30 \%
V| Input voltage (VFB, ISENSE) -0.3 6.3 \%
Supply current Self limiting
lo Output current +1 A
Error amplifier output sink current 10 mA
Output energy (capacitive load) 5 ud
Pp Power dissipation (Ta = 25°C) 1 w
Tiead Lead temperature (soldering, 10 s) 300 °C
Tstg Storage temperature -65 150 °C
(1)  Current limiting this input will allow for higher supply voltages.
6.2 ESD Ratings
VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +4000
Viesp) |Electrostatic discharge | Charged device model (CDM), per JEDEC specification JESD22-C101 or +1000 \
ANSI/ESDA/JEDEC JS-002(@) -
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (Tp = T; = -55°C to 125°C), unless otherwise noted
MIN MAX UNIT
Vee Supply voltage 12 25 \%
Sink/source output current (continuous or time average) 0 200 mA
Reference load current 0 20 mA
6.4 Thermal Information
UC1843B-SP
THERMAL METRIC(") HKU (CFP) UNIT
10 PINS
Rgya Junction-to-ambient thermal resistance 51.9 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 6.6 °C/W
Reus Junction-to-board thermal resistance 31.5 °C/W
Wyt Junction-to-top characterization parameter 5.42 °C/W
WiB Junction-to-board characterization parameter 31 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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6.5 Electrical Characteristics

Vee =15 VD, Ry =10 kQ, Cr = 3.3 nF, Ty = T; = =55°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
REFERENCE
Output voltage T;=25°C, lp=1mA 4.85 5 5.1 \%
Line regulation ViN=12t025V 20 mV
Load regulation lo=11t020 mA 25 mV
Temperature stability® () 0.2 0.4| mv/°C
Total output variation(® Over line, load, and temperature 4.85 5.1 \%
Output noise voltage 10 Hz < f <10 kHz, T, =25°C 50 pv

Long-term stability

1000 hours, Tp = 125°C®)

5 25 mv

Short-circuit output current

-30 -100 -180| mA

OSCILLATOR

Initial accuracy T,=25°CH4 47 52 57| kHz
Voltage stability Vee=12t025V 0.2% 1%
Temperature stability T, =-55°C to 125°C(@ 5%
Amplitude peak-to-peak V pin 42 1.7 \Y
T,=25°C 7.8 8.3 8.8
Discharge current V pin 4 =2 V0©®) mA
T, = Full range 7.5 8.8
ERROR AMPLIFIER
Input voltage Veomp =25V 245 250 255 \%
Input bias current -0.3 -1 MA
Open-loop voltage gain Vo=2t04V 65 90 dB
Unity-gain bandwidth T,=25°C@ 0.7 1 MHz
PSRR Vec=12t025V 60 70 dB
Output sink current Veg = 2.7V, Veomp = 1.1V 2 6 mA
Output source current Veg =23V, Veomp =9V -0.5 -0.8 mA
High-level output voltage Veg =2.3V, R =15 kQ to ground 5 6 \%

Low-level output voltage

VFB =27 V, RL =15kQ to VREF

0.7 1.1 \%

CURRENT SENSE

Gain® () 2.85 3 315 VNV
Maximum input signal Veomp = 5 V© 0.9 1 1.1 \%

PSRR Vee = 12 to 25 V©) 70 dB
Input bias current -2 -10 MA

Delay to output

VISENSE =0to2V®

150 300 ns
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Voo =15V, Ry =10 kQ, C1=3.3 nF, To = Ty = -55°C to 125°C (unless otherwise noted)
PARAMETER TEST CONDITIONS ‘ MIN TYP MAX‘ UNIT
OUTPUT
Isink =20 mA 0.1 0.4
Output low-level voltage \%
Isink =200 mA 1.5 2.2
Output high-level voltage lsource = ~20 mA 13 135 \%
Isource = —200 mA 12 13.5
Rise time CL=1nF, T,=25°C® 50 150| ns
Fall time C_=1nF, T;=25°C 50 150 ns
UVLO saturation Vee =5V, Igink = 10 mA 0.7 1.2 \%
UNDERVOLTAGE LOCKOUT
Start threshold 7.8 8.4 9 \Y
Minimum operation voltage after turnon 7 7.6 8.2 \%
PWM
Maximum duty cycle 94% 96% 100%
Minimum duty cycle 0%
TOTAL STANDBY CURRENT
Start-up current 0.3 0.5 mA
Operating supply current Veg = Vigense =0V 11 17 mA
Ve Zener voltage lcc =25 mA 30 34 \%

M
)
@)

(4)
®)

6)
@)

Adjust V¢ above the start threshold before setting at 15 V.

Parameters ensured by design and/or characterization, if not production tested.

Temperature stability, sometimes referred to as average temperature coefficient, is described by the equation:

Temperature Stability = Vgregr (max) — Vger (min) / Ty (max) — Ty (min). Vrer (max) and Vggg (min) are the maximum and minimum
reference voltage measured over the appropriate temperature range. Note that the extremes in voltage do not necessarily occur at the
extremes in temperature.

Output frequency equals oscillator frequency.

This parameter is measured with Rt = 10 kQ to Vggg. This contributes approximately 300 A of current to the measurement. The total
current flowing into the Ry or C+ pin will be approximately 300 pA higher than the measured value.

Parameter measured at trip point of latch with Vgg =0 V.
Gain defined as: G = AVComp / AV\sense; VISENSE = 0to 0.8 V.

6.6 Typical Characteristics

T 1T
S 3 Vee = 15V //
@ Ta = 25°C — /
g Ta = -55°C|—— ,
2 s
s 2 —==/
§ Ll === T ///
T 1 /
7
@ / SOURCE SAT (Voc-Vor)
|| A4 |=——S8INK SAT (Vov)
0 ——T—T1"1 \ Lo
01 .02 .03.04.05 .07 .1 2 345 710

\
Output Current, Source or Sink (A)
Figure 6-1. Output Saturation Characteristics
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7 Detailed Description

7.1 Overview

The UC1843B-SP control IC is a pin-for-pin compatible improved version of the UC1843A-SP. Providing the
necessary characteristics to control current-mode switched-mode power supplies, this device has improved

features. Start-up current is specified to be less than 0.5 mA and oscillator discharge is trimmed to 8.3 mA.
During UVLO, the output stage can sink at least 10 mA at less than 1.2 V for V¢ over 5 V.

7.2 Functional Block Diagram

Vee 12 *
34V UVLO : #
= 5-V I
I &
Gnd [5 | o | ReF 18] Veer
n 5.0V
50 mA
25V 1 .
~ Internal
Veer Bias
Goo_d 7:| VC
Logic
R1/Cr [4] Osc
6] Output
Error
Amplifier 2R S
vV } R | PWM 5] Pwr
FB [2 Latch Ground
Current
Comp Sense
c/s 3 Comparator

Copyright © 2016, Texas Instruments Incorporated
7.3 Feature Description

UC1843B-SP is a current mode controller, used to support various topologies such as forward, flyback, buck,
and boost. Using an external interface circuit will also support half-bridge, full-bridge, and push-pull
configurations.

Figure 7-1 shows the two-loop current-mode control system. A clock signal initiates power pulses at a fixed
frequency. The termination of each pulse occurs when an analog of the inductor current reaches a threshold
established by the error signal. In this way, the error signal actually controls peak inductor current. This contrasts
with voltage control in which the error signal directly controls pulse width without regard to inductor current.

Several performance advantages result from the use of current-mode control. First, an input voltage feed-
forward characteristic is achieved; that is, the control circuit instantaneously corrects for input voltage variations
without using up any of the error amplifier’s dynamic range. Therefore, line regulation is excellent and the error
amplifier can be dedicated to correcting for load variations exclusively.
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VSENSE —I l—I -

LATCH ' l I | l
QUTPUT e

Figure 7-1. Two-Loop Current-Mode Control System

0019-1

For converters in which inductor current is continuous, controlling peak current is nearly equivalent to controlling
average current. Therefore, when such converters employ current-mode control, the purposes of small signal
analysis (see Figure 7-2). The two pole control to output frequency response of these converters is reduced to a
single-pole (filter capacitor in parallel with load) response. One result is that the error amplifier compensation can
be designed to yield a stable closed-loop converter response with greater gain bandwidth than would be
possible with pulse-width control, giving the supply improved small signal dynamic response to changing loads.
A second result is that the error amplifier compensation circuit becomes simpler, as shown in Figure 7-3.

Capacitor C; and resistor R;, in Figure 7-3(A), add a low frequency zero, which cancels one of the two control to
output poles of non-current mode converters. For large signal load changes, in which converter response is
limited by inductor slew rate, the error amplifier saturates while the inductor is catching up with the load. During
this time, C; charges to an abnormal level. When the inductor current reaches its required level, the voltage on C;
causes a corresponding error in supply output voltage. The recovery time is R;;,C;, which may be long. However,
the compensation network of Figure 7-3(B) can be used where current-mode control has eliminated the inductor
pole. Large-signal dynamic response is then greatly improved due to the absence of C;.

Current limiting is greatly simplified with current mode control. Pulse-by-pulse limiting is, of course, inherent in
the control scheme. Furthermore, an upper limit on the peak current can be established by simply clamping the
error voltage. Accurate current limiting allows optimization of magnetic and power semiconductor elements while
ensuring reliable supply operation.

Finally, current-mode controlled power stages can be operated in parallel with equal current sharing. This opens
the possibility of a modular approach to power supply design.
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Figure 7-2. Inductor Looks Like a Current Source to Small Signals
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Viet
0019-3 Vier ——
0019-4
A. Direct duty cycle control B. Current mode control

Figure 7-3. Required Error Amplifier Compensation for Continuous Inductor Current Designs

7.3.1 UVLO

The UVLO circuit ensures that V¢ is adequate to make the UC1843B-SP fully operational before enabling the
output stage. Figure 7-4 shows that the UVLO turnon and turnoff thresholds are fixed internally at 8.4 V and 7.6
V, respectively. The 0.6-V hysteresis prevents V¢ oscillations during power sequencing.

Figure 7-5 shows supply current requirements. Start-up current is < 1 mA for efficient bootstrapping from the
rectified input of an off-line converter, as shown in Figure 7-6. During normal circuit operation, V¢ is developed
from auxiliary winding, Wa,x, with D4 and Cjy. However, at start-up, Cy must be charged to 8.4 V through R.
With a start-up current of 1 mA, Ry can be as large as 100 kQ and still charge Cjy when Ve = 90-V RMS (low
line). Power dissipation in Ry would then be less than 350 mW even under high line (Vac = 130-V RMS)
conditions.

During UVLO, the output driver is in a low state. While it does not exhibit the same saturation characteristics as
normal operation, it can easily sink 1 mA, enough to ensure the MOSFET is held off. For efficient operations, an
LDO can take the place of Ry and be disabled during the operation of the device.
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Figure 7-4. UVLO Turnon and Turnoff Threshold
ICC
<17 mA +
<I1mA —+
| | =
T T VCC
VOFF VON
During UVLO, the output driver is biased to sink minor amounts of current.
Figure 7-5. Supply Current Requirements
START-UP BOOTSTRAPPED 2
| CURRENT SUPPLY CURRENT
2 Ry
<
Y iy=1mA ﬂ'q 'B I
= jef— s
90=130VAC wﬁ”é
v s
o cC
T Cm UC1843B-5P -
45
outj= 2
GND
0019-8

Copyright @ 20186, Texas Instruments Incorporated

Figure 7-6. Providing Power to the UC1843B-SP
7.3.2 Reference
As highlighted in Section 7.2, UC1843B-SP incorporates a 5-V internal reference regulator with +2% set point
variation over temperature.

Copyright © 2021 Texas Instruments Incorporated
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7.3.3 Totem-Pole Output

The UC1843B-SP PWM has a single totem-pole output which can be operated to +1-A peak for driving MOSFET
gates, and a 200-mA average current for bipolar power U-100A transistors. Cross conduction between the
output transistors is minimal, the average added power with V| = 30 V is only 80 mW at 200 kHz.

Limiting the peak current through the IC is accomplished by placing a resistor between the totem-pole output
and the gate of the MOSFET. The value is determined by dividing the totem-pole collector voltage V¢ by the
peak current rating of the IC’s totem-pole. Without this resistor, the peak current is limited only by the dV/dT rate
of the totem-pole switching and the FET gate capacitance. Adding resistance will increase the switching losses
of the converter, but will often reducing ringing and switching noise.

The use of a Schottky diode from the PWM output to ground prevents the output voltage from going excessively
below ground, causing instabilities within the IC. To be effective, the diode selected should have a forward drop
of less than 0.3 V at 200 mA. Most 1- to 3-A Schottky diodes exhibit these traits above room temperature.
Placing the diode as physically close to the PWM as possible enhances circuit performance. Implementation of
the complete drive scheme is shown in Figure 7-7 through Figure 7-9. Transformer-driven circuits also require
the use of the Schottky diodes to prevent a similar set of circumstances from occurring on the PWM output. The
ringing below ground is greatly enhanced by the transformer leakage inductance and parasitic capacitance, in
addition to the magnetizing inductance and FET gate capacitance. Circuit implementation is similar to the
previous example.

Figure 7-7 through Figure 7-9 show suggested circuits for driving MOSFETs and bipolar transistors with the
UC1843B-SP output. The simple circuit of Figure 7-7 can be used when the control IC is not electrically isolated
from the MOSFET turnon and turnoff to £1 A. It also provides damping for a parasitic tank circuit formed by the
FET input capacitance and series wiring inductance. Schottky diode, D4, prevents the output of the IC from going
far below ground during turnoff.

Figure 7-8 shows an isolated MOSFET drive circuit which is appropriate when the drive signal must be level
shifted or transmitted across an isolation boundary. Bipolar transistors can be driven efficiently with the circuit of
Figure 7-9. Resistors R4 and R fix the on-state base current while capacitor C, provides a negative base current
pulse to remove stored charge at turnoff.

Because the UC1843B-SP series has only a single output, an interface circuit is needed to control push-pull,
half-bridge, or full-bridge topologies. The UC1706 dual output driver with internal toggle flip-flop performs this
function. Section 8.2 shows a typical application for these two ICs. Increased drive capability for driving
numerous FETs in parallel, or other loads can be accomplished using one of the UC1705/7-SP driver ICs.

10 TO 20V
|z

Vee

UC1843B-5P

out

GND

0019-19
Copyright @ 2016, Texas Instruments Incorporated

Figure 7-7. Direct MOSFET Drive
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20 TO 30V
|7
Vee
UC1843B-5P
0.22 uF
6 |
ouT
-
GND p, N=20
5
1 1
0019-20
Copyright @ 2016, Texas Instruments Incorporated
Figure 7-8. Isolated MOSFET Drive
12 TO 20V
|7
Vee
UC1843B-SP
ouT
GND
]

0019-21

Copyright @ 2018, Texas Instruments Incorporated

Figure 7-9. Bipolar Drive With Negative Turnoff Bias

7.4 Device Functional Modes

The UC1843B-SP uses fixed frequency, peak current mode control. An internal oscillator initiates the turnon of
the driver to high-side power switch. The external power switch current is sensed through an external resistor
and is compared via internal comparator. The voltage generated at the COMP pin is stepped down via internal
resistors, as shown in Section 7.2. When the sensed current reaches the stepped down COMP voltage, the high-
side power switch is turned off.
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8 Application Information Disclaimer

Note

Information in the following applications sections is not part of the Tl component specification, and Tl
does not warrant its accuracy or completeness. TI's customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design

implementation to confirm system functionality.

8.1 Application Information

UC1843B-SP can be used as a controller to design various topologies such as buck, boost, flyback, and forward.
Using an external interphase circuit can also support push-pull, half-bridge, and full-bridge topologies.

8.2 Typical Application

L

Ceane

Rauave

Feedback Network

Reows = 5.11 kQ
comr & ox uF:

P ———
N — !
| Ci = 1500 pF

U —
|

|

Vin

UC18438B-SP

Comp

Feedback

Vout

Vref

Rt/Ct

1]
Res=0.0750Q
Current Sense Filter |
| Car= 56 pFl
'

Figure 8-1. Typical Application Schematic

8.2.1 Design Requirements

See Table 8-1 for parameter values.

Table 8-1. Design Parameters

PARAMETER SPECIFICATIONS
Input Power Supply 20to 40 VDC
Output Voltage 5VvDC
Output Current 0to10 A
Output Current Pre-load 100 mA
Operating Temperature 25°C
Switching Frequency of UC1843B-SP 200 kHz
Peak Input Current Limit 12A
Bandwidth ~4 kHz
Phase Margin ~80°
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8.2.2 Detailed Design Procedure
8.2.2.1 Switching Frequency

Choosing a switching frequency has a trade off between efficiency and bandwidth. Higher switching frequencies
will have larger bandwidth, but a lower efficiency than lower switching frequencies. A switching frequency of 200
kHz was chosen as a trade off between bandwidth and efficiency. Using Equation 1, Ry and Cy were chosen to
be 7.15 kQ and 1200 pF, respectively.

1.72
fosc= 1

ROSCX COSC

1.72
fosc™ =200 kHz 2
°%¢ 7,15 kQx1200 pF @

8.2.2.2 Transformer

The transformer of the design consists of two major values, turns ratio and primary side inductance. There is no
minimum limit to the turns ratio of the transformer, just a maximum limit. The equation below will give the turns
ratio as a function of duty cycle, which if you put in the maximum duty cycle of the converter will give you a
maximum turns ratio. The UC1843B-SP design targeted a duty cycle of 50%, which is somewhat low for this
controller. The suggested value would be around 70% duty cycle to take advantage of the fact the UC1843B-SP
has full duty cycle range. The equation of the turns ratio of the transformer is Equation 3.

VinMiIN*Diim
Nosmax = (3)
(Vout*Vpiode)*(1-Diim)

20 Vx0.5

N = =3.5 4
PSMAX ™ (5 V+0.7 V)x(1-0.5) @

Often the turns ratio will slightly change in design due to how the transformer is manufactured. For the
UC1843B-SP design a turns ratio of 3.33 was used. Another turns ratio that is important is the turns ratio of the
auxiliary winding. The auxiliary winding is found by figuring out what positive voltage is needed from the auxiliary
winding. Picking what voltage the auxiliary winding should have lets one pick the turns ratio from the secondary
to the auxiliary winding, which in turn allows for the turns ratio from primary to auxiliary to be found. The equation
for the turns ratio for the auxiliary winding is Equation 5.

- Npsx(Vout+VDiode)

N (5)
Pe Vaux

3.33x(5 V+0.7 V)_1 46 )
pa 13 V '

An auxiliary winding of 1.43 was used for the UC1843B-SP design due to manufacturing constraints. The
primary inductance of the transformer is found from picking an appropriate ripple current. A higher inductance
will often mean reduced current ripple, thus lower EMI and noise, but a higher inductance will also increase
physical size and limit the bandwidth of the design. A lower inductance will do the opposite, increasing current
ripple, lowering EMI, lowering noise, decreasing physical size, and increasing the limited bandwidth of the
design. The percent ripple current can be anywhere from 20% to 80% depending on the design. The equation
for finding the primary inductance from the percentage ripple current is Equation 7.
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_ Vinmax® % Duin?
Lpri = - (7)
Voutxloutxfoscx /°Ripple

(40 V Y2 x0.252
5 Vx10 Ax200 kHzx0.4

=25 uH (8)

There are quite a few physical limitations when making transformers, so often this inductance will change
slightly. For the UC1843B-SP design a primary inductance of 21 yH. This corresponds to a percent ripple of
around 0.475. The peak and primary currents of the transformer are also generally useful for figuring out the
physical structure of the transformer. See the following equations for proper calculations.

| _Voutxloutx%Ripple (9)
Ripple —
Vinmax * Dmin

5 Vx10 Ax0.475

Rippie = 4o o o5 = 2-375 A (10)
Vout*lout IRipple
lpriPeak = + 2LPP (11)
VinMIN*Dmax>n 2

5 Vx10 A +2.375
20 Vx0.5x0.8 2

lpripeak = =7.44 A (12)

x 2
Vout* lout 2+|Ripple

lprirms = D x (13)

Vi, xD 3
lprirms = 0.5 %MWﬂ.?g A (14)
ls“RMS=<1-D)xlouF+w (15)
o= 0.5x (10 Aps (2378 AX3BP .

3

8.2.2.3 RCD Diode Clamp

For the UC1843B-SP design a resistor and capacitor are used. The resistor and capacitor is generally a value
that is found through testing, but starting values can be obtained. To figure out the resistor and capacitor needed
for the RCD clamp, one must first pick how much the node is allowed to overshoot. The equation for finding the
voltage of the clamp is Equation 17.

Vclamp=Kclamprpsx(Vout"'VDiode) (17)

Note that Kgamp is recommended to be 1.5 as this will allow for only around 50% overshoot. Knowing the
parasitic inductance of the transformer and how much the snubber voltage is allowed to change over the
switching cycle, can allow one to figuring out starting values for the resistor and capacitor using Equation 18 and
Equation 19.
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Vcl am p2
Reramp = 1 Velamp (18)
EXLIeakageleriPeak2x xfosc

Vclamp'Npsx(Vout"'VDiode)

Vclamp
Cel = (19)
crame AVclamprcIampxRclamprosc

A starting value of 10% is generally used for AV amp.
8.2.2.4 Output Diode

The voltage stress by the converter on the diode can be found with Equation 20.

VinMax
Vbiodestress = Vout+ = (20)
ps
V =5 V+40 V—17 \Y (21)
DiodeStress 3 33

Note that any diode picked should have a voltage rating of well above this value as it does not include parasitic
spikes in the equation. The UC1843B-SP diode was picked to have a voltage rating of 60 V.

8.2.2.5 Output Filter and Capacitor

The output capacitance value is picked such that there is enough capacitance for the required voltage ripple and
output current load step. The UC1843B-SP design uses equations Equation 22 and Equation 24 to find a
minimum capacitance.

lout * Dmax
Cout> —— (22)
VRippIexfosc

Cout> 10 Ax0.5 =500 pF (23)
°U' 50 mVx200 kHz H
AIstep
Cout> (24)
21 % AV, yt % foo
10 A
Cout™ =1 mF (25)

2mx0.7 Vx2.2 kHz

A value of around 1145 uF was chosen to keep output voltage ripple low. Note that the output voltage ripple in
the design was further decreased by adding an output filter and by adding an inductor after a small portion of the
output capacitance. Six ceramic capacitors were picked to be placed before the output filter and then the large
tantalum capacitors with some small ceramics were added to be part of the output filter. The initial ceramics will
help with the initial current ripple, but have a very large output voltage ripple. This voltage ripple will be
attenuated by the inductor and capacitor combination placed between the ceramic capacitors and the output.
The equations below allow for finding the amount of attenuation that will come from a specific output filter
inductance. An inductance of 500 nH was chosen to attenuate the output voltage ripple and the attenuation was
sufficient for the design.
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1
Fresonant = (26)

2mxLriiter*CoBulk

1

F = =6.7 kH 27
resonant= o 0 s nHx1127 pF 0 z (27)
E ! 28
2870 2 x Copuik XE SRoBuIk (28)
F ! =15.69 kH 29
Zero=5 1« 1127 uFx0.009 Q z (29)
. _ fosc fosc
Attenuationsgy =40 xlogqg (————— ) -20 x logqo ( ) (30)
resonant zero
Att i 40 xlogro (20 KHZ ) 0 wiogr (220 KHZ 35 8 4B 31)
enuationsgy = 40 xlo — " )-20xlo — ) =36.
fsw 91086 7 kHz 910815 69 kHz

Sometimes the output filter can cause peaking at high frequencies, this can be damped by adding a resistor in
parallel with the inductor. For the UC1843B-SP design, 0.5 Q was used as a very conservative value. The
resistance needed to damp the peaking can be calculated using the following equations:

2(CoCerm"'CoBulk)

W = (32)
I-FiIteeroCermxCoBqu
2(19 pF+1127 pF)
Wo = =463 kHz (33)
500 nHx19 pFx1127 uF
Lriit
RoxI—Filterx(CoCerm"'CoBulk)' —=
Wo
Reiiter = (34)
Rox(CoCerm"'CoBulk)
-Lritter*Cocerm
Wo
500 nH
0.5%x500 nHx(19 uF+1127 pF)-——
463 kHz
Rrilter = =0.232 Q (35)
0.5%x(19 uF+1127 pF)
-500 nHx19 pF
463 kHz
8.2.2.6 Compensation
The poles and zeros of a flyback converter can be found with the following equations:
¢ 1+D "
ZESR = G % Resn (36)
f 1+0.5 23.15 kH (37)
= = . z
ZESRT 5 x1146 pFx0.009 Q
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f . — 38
P ) xCyur* Re (38)

1
fo =278 Hz (39)

T 2mx1146 PFx0.5

Rout* (1-Dwax)?

fRupz = Lpr 40
z | « (40)
N, .2 via
ps

0.5x(1-0.5)?

f = 21 H =21 kHz 41
RHPZ = M 0.5 (41)
3.332

1 1
f . = =
Compensation Zero ™ 5 xx Roomp*Coomp 2Tx5.11 kQx0.22 pF

=142 Hz (42)

1 1
f ; = =
Compensation Pole ™5 xReomp*Cg 2Tx5.11 kQx1500 pF

=20.76 kHz (43)

Type 1IB compensation was selected to compensate the poles and zeros of the flyback converter for the design.
Since the right half plane zero (RHPZ) of the flyback converter is unable to be compensated, the crossover
frequency of the converter should be between one fourth to a whole decade below the RHPZ of the converter.
Type [IB compensation has 1 pole and 1 zero to help compensate the converter. The pole from the
compensation is suggested to be placed by the RHPZ of the converter and the zero from compensation is
suggested to be placed a decade before the expected crossover frequency. Using these guidelines the
compensation values for the converter were picked for the converter. For the non-isolated portion of the board
this means choosing the value of the compensation resistors and capacitors along these guidelines. Increasing
or decreasing the gain of the design can be compensated for by dividing the resistor from compensation down
and increasing the values of the capacitors by the same amount. This allows for the gain to be controlled in the
system without changing the poles and zeros of the system. Optimization is needed for compensation values,
and those values can be validated through testing.

8.2.2.7 Sense Resistor and Slope Compensation

The sense resistor is used to sense the ripple current from the transformer as well as shutdown the switching
cycle if the peak current of the converter is allowed to get too high. The voltage threshold of the CS pin is around
1V, thus the equation to find the sense resistor from the peak current is shown in Equation 44.

Vcs Threshold-Vsio
_ pe Comp Offset
Res = (44)

limit

1V-0.1V

R
cs 12 A

=0.075 Q (45)

Note that It should be greater than lpipeak, @and that the voltage offset from the slope compensation will be
dependant on the amount of slope compensation in the design. The value of 0.075 Q for the sense resistance
was found to be the optimum value adding some headroom for slope compensation offset of 0.1 V. Slope
compensation was implemented with a BJT being turned off and on by the RC pin of the device. The BJT was
placed between the REF pin and a resistor divider to the CS pin. The optimum slope compensation value can be
found from the following equations after picking a value for the top of the divider:
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Voutx Rcsx Gcs

S, = outT es T Pes (46)
Lpr1 % Nps

5 Vx0.075 Qx3

S = = 16088 (47)
21 uHx3.33
f x \
Spso = ¢ 0ScPP (48)
DmiN

200 kHzx1.7 V

S = = 1360000 49

osc 0 25 (49)
Rtop

Rcsf=sosc_1 (50)
Sc
1.8 kQ

Resf = 1360000 =141 Q (51)
16088

The UC1843B-SP design uses a much higher resistor of 1.47 kQ, but this is an attempt to be very conservative.
Note that the bottom resistor can be used as part of a filter to the CS pin as well, which is implemented in the
design using a capacitor near the CS pin. Care was taken such that the RC filter would not filter the switching
frequency by having the RC time constant be a decade less than the switching frequency.

8.2.3 Application Curves

%

S 6 o O L

D [S— o— Le—

@ 00V )[2.00p 2.5065/5 o/ ][ 110ec 2018
(T 10Mpoints  0.00V 2:46:3%

Figure 8-2. Switch Node of Flyback Converter

For the test in Figure 8-2, 40 V was applied to the input and 10 A was drawn from the output. Ringing can be
present on the switching node if the converter is run in discontinuous conduction mode rather than the
continuous conduction mode the design was run with.
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H400ps 2.50G5/5 o H 9 Jan 2019
+¥1.360000ms  10M points 188mY 01:02:50

Figure 8-3. Load Step Down With 40 V|5

D+ v1.364000ms  10M points —-232mY 01:02:26

JFUOUS 2.5068/s & JL 9 Tan 2019J

Figure 8-4. Load Step Up With 40 V|
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For tests shown in and , 40 V was applied to the input and a load step was applied to the output. The load step
applied was from 0 A to 10 A and 10 A to 0 A. Note that those currents do not include the 0.1-A pre-load. The
curves show that the stability of the design due to the lack of ringing during the load step.
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9 Power Supply Recommendations

The devices are designed to operate from an input voltage supply range between 8 V and 32 V. This input
supply should be well regulated. If the input supply is located more than a few inches from the UC1843B-SP
converter, additional bulk capacitance may be required in addition to the ceramic bypass capacitors. A tantalum
capacitor with a value of 100 pF is a typical choice; however, this varies heavily on the start up circuitry of the
device. This is because the input voltage to the device will decrease during start up and the input capacitance
will have to provide enough charge to allow the UC1843B-SP to initially switch.

Liter =500 nH

Output Diode
Coame Reuave m
L. Feedback Network
:
< !
Il
‘[+ 17 L Courcerm Coutnuix
|"= 1 40-20v . ) o
— |
== "
— Compensation Network vin o out =

T

| y

| Cye = 1500 pF : UC1843B-SP

1 >—’\N\/—| Comp Vref
1 | Reowe =

|

Feedback Rt/Ct

Res=0.075Q
Current Sense Filter
¢ = !

Figure 9-1. Flyback Regulator

10 Layout
10.1 Layout Guidelines

Always try to use a low EMI inductor with a ferrite closed core. Some examples would be toroid and encased E
core inductors. Open core can be used if they have low EMI characteristics and are located a farther away from
the low-power traces and components. Make the poles perpendicular to the PCB as well if using an open core.
Stick cores usually emit the most unwanted noise.

10.1.1 Feedback Traces

Try to run the feedback trace as far as possible from the inductor and noisy power traces. The designer should
also make the feedback trace as direct as possible and somewhat thick. These two guidelines sometimes
involve a trade-off, but keeping the trace away from inductor EMI and other noise sources is the more critical
guideline. Run the feedback trace on the side of the PCB opposite of the inductor with a ground plane separating
the two.

10.1.2 Input/Output Capacitors

When using a low-value ceramic input filter capacitor, locate it as close as possible to the V|y pin of the IC. This
eliminates as much trace inductance effects as possible and gives the internal IC rail a cleaner voltage supply.
Some designs require the use of a feed-forward capacitor connected from the output to the feedback pin as well,
usually for stability reasons. In this case, it should also be positioned as close as possible to the IC.

10.1.3 Compensation Components

External compensation components for stability should also be placed close to the IC. TI recommends to also
use surface mount components for the same reasons discussed for the filter capacitors. These should not be
located very close to the inductor either.

24 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: UC1843B-SP


https://www.ti.com/product/UC1843B-SP
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSDD4B&partnum=UC1843B-SP
https://www.ti.com/product/uc1843b-sp?qgpn=uc1843b-sp

13 TEXAS

INSTRUMENTS UC1843B-SP
www.ti.com SLUSDD4B — APRIL 2019 — REVISED DECEMBER 2020

10.1.4 Traces and Ground Planes

Make all of the power (high current) traces as short, direct, and thick as possible. It is good practice on a
standard PCB to make the traces an absolute minimum of 15 mils (0.381 mm) per ampere. The inductor, output
capacitors, and output diode should be as close as possible to each other. This helps reduce the EMI radiated
by the power traces due to the high-switching currents through them. This also reduces lead inductance and
resistance, which in turn reduces noise spikes, ringing, and resistive losses that produce voltage errors. The
grounds of the IC, input capacitors, output capacitors, and output diode (if applicable) should be connected close
together directly to a ground plane. It would also be a good idea to have a ground plane on both sides of the
PCB. This reduces noise by reducing ground loop errors and absorbing more of the EMI radiated by the inductor.

For multi-layer boards with more than two layers, a ground plane can be used to separate the power plane
(where the power traces and components are located) and the signal plane (where the feedback and
compensation and components are located) for improved performance. On multi-layer boards, vias are required
to connect traces and different planes. Arrange the components so that the switching current loops curl in the
same direction. Due to the way switching regulators operate, there are two power states: one state when the
switch is on and one when the switch is off. During each state there is a current loop made by the power
components that are currently conducting. Place the power components so that during each of the two states the
current loop is conducting in the same direction. This prevents magnetic field reversal caused by the traces
between the two half-cycles and reduces radiated EMI.

10.2 Layout Example

* * O VREF
éRT
2N2222 3 r— - 7] Vcce
4.7k 100k
1K 1| COMP VREF ﬂ _»_0.1uF
ERROR AMP J 1
ADJUST S5 —* o 2| VFB Vce |7 20.1uF
ISENSE 3] | OUTPUT T VKW ouTPuT
47K ADJUST S5 3] Isense 6] OUTPU
4 RT/Ct  GROUND
ﬂ O GROUND
Ct

High peak currents associated with capacitive loads necessitate careful grounding techniques. Timing and bypass capacitors should be
connected close to pin 5 in a single point ground. The transistor and 5k potentiometer are used to sample the oscillator waveform and
apply an adjustable ramp to pin 3.

Figure 10-1. Open-Loop Laboratory Test Fixture

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback

Product Folder Links: UC1843B-SP

25


https://www.ti.com
https://www.ti.com/product/UC1843B-SP
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSDD4B&partnum=UC1843B-SP
https://www.ti.com/product/uc1843b-sp?qgpn=uc1843b-sp

13 TEXAS
UC1843B-SP INSTRUMENTS
SLUSDD4B - APRIL 2019 — REVISED DECEMBER 2020 www.ti.com

11 Device and Documentation Support
11.1 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on

Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

11.2 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

11.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
11.4 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

11.5 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
5962R8670412V9A ACTIVE XCEPT KGD 0 25 RoHS & Green Call Tl N/ A for Pkg Type -55to 125
5962R8670412VYC ACTIVE CFP HKU 10 1 RoHS-Exempt AU N/ A for Pkg Type -55to 125 R8670412VYC
& Green UC1843B-SP
UC1843BHKU/EM ACTIVE CFP HKU 10 1 RoHS-Exempt AU N/ A for Pkg Type 25to0 25 UC1843BHKUM
& Green EVAL ONLY

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TUBE
T - Tube
height L - Tube length
f
W-Tube _| _ _ _ _ _ _ __ _ _ ___ e _____ 1.
i width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
5962R8670412VYC HKU CFP 10 1 506.98 26.16 6220 NA
UC1843BHKU/EM HKU CFP 10 1 506.98 26.16 6220 NA
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PACKAGE OUTLINE

-
HKUOO10A CFP - 2.63mm max height
CERAMIC DUAL FLATPACK
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o 1 6.66 METAL LID
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PIN1ID BACK SIDE PAD

METALIZATION
(THERMAL PAD)

4226200/A 09/2020

NOTES:

=

per ASME Y14.5M.
. This drawing is subject to change without notice.
. This package is hermetically sealed with a metal lid.
. The terminals are gold plated.
. This drawing does not comply with MIL STD 1835. Do not use this package for compliant product.
. Metal lid is connected to back side pad metalization.

OO WN

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

i
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EXAMPLE BOARD LAYOUT
CFP - 2.63mm max height
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated
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