Product  “\ww Order Technical 2 Tools & Support &

Folder o o Now Documents #\ Software Community
: ’{ll::é?lgUMENTS UC1843B-SP
ZHCSJKOA —APRIL 2019—-REVISED SEPTEMBER 2019
UC1843B-SP QML V K FE 5Tl izl PWM 24 4%

1 ek 2 MH
s A QML YV 2 (QMLV) f5ifE, SMD 5962-86704 o HIM/EMFE A
« 5962R8670412VYC: o XEFEZMILINA:

— %R S0 OR PR (RHA) BE )k - R E¥BEE. FHE

100krad(Si) & HLES 7 & (TID) — HER. B W CRAIAMEEE D RS ED

o ZOUE M T B AN B B Heds o WHTEMEEGEE, B -55°C E 125°C
o LEBIHIR (< 0.5mA)
o IR B R 3 Uil
o HBNHTHAME UC1843B-SP #iil IC /&5 UC1843A-SP 5| I 2 1)
o Bk EL AL PR iy 68 SR N L i o 2 A AR T 4 i H A U Ok FL U
o IR AR I AR DTEHREE, RS T 2R R, A A B IR T
o i E B E BT (UVLO) Ry 0.5mA, k%% LIy 8.3mA. UVLO #
o UK ], HHRAECT 1.2V I E N2 BA 10mA [
o H R R HIRAES (Voo BT 5V) &
o WENRERIRS % g G )
* S00kHz TfEAi= Py e RS GRRED
* MR Ro BREHOER UC1843B-SP CFP/HKU (10) 6.48mm x 7.02mm

@ ﬂji% TREETE WIS, 152 SRR R R AT I B

i 1 SR 2
Vee [74
34V uvVLO $
=1 5V o
SR | 8]V
REF 1€
Gnd [ [ i 50V

50 mA

Error

D Amplifier

PWM L{s] Pwr
Latch Ground

Current
Sense
Comparator

AR BTN TERS I, SREVH 6 T 7= eh SORAR IS S, B S MEEE . A RIE M B 7 S SCRAR M e (5 8, 5 U1 ) wwwti.com, JERIBIRZAR . T AMRAUER PR Aok
PR R, FESEBRTEZ AT, 5550 B BOB A I 55 SCRAR o
English Data Sheet: SLUSDD4


http://www-s.ti.com/sc/techlit/SLUSDD4.pdf
http://www.ti.com.cn/product/cn/uc1843b-sp?qgpn=uc1843b-sp
http://www.ti.com.cn/product/cn/UC1843B-SP?dcmp=dsproject&hqs=pf
http://www.ti.com.cn/product/cn/UC1843B-SP?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com.cn/product/cn/UC1843B-SP?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com.cn/product/cn/UC1843B-SP?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com.cn/product/cn/UC1843B-SP?dcmp=dsproject&hqs=support&#community
http://www.ti.com.cn/solution/cn/automotive-dc-dc-converter
http://www.ti.com.cn/zh-cn/power-management/offline-isolated-dcdc-controllers-converters/flyback-controllers/overview.html
http://www.ti.com.cn/zh-cn/power-management/non-isolated-dc-dc-switching-regulators/buck-boost-inverting/buck-boost-inverting-split-rail-converters-integrated-switch/overview.html

I} TEXAS
INSTRUMENTS
UC1843B-SP
ZHCSJKOA —APRIL 2019—REVISED SEPTEMBER 2019 www.ti.com.cn
Hx

L R e 1 7.4 Device Functional Modes.............ccccocoviiurinnicinicnnns 13
2 N e 1 8 Application and Implementation ..........cccccceeue.e 14
3 8.1 Application INfOrmation.............cccceevrvrveeereenenenenns 14
4 8.2 Typical Application ..........ccocevveriiiiieniicnieeieeseee, 14
5 Pin Configuration and FUNCLIONS ..........coovveean... 3 9 Power Supply Recommendations.................... 21
B SPECIiCALIONS....eoveeeeeeeeeeeeeeee e 4 10 LAYOUL.ciririciriiisiiis e 21
6.1 Absolute Maximum RatiNGS ...........ccceriveerrrreerrrenns 4 10.1 Layout GUIdENINES ....c.ouvvveieieiie, 21
6.2 ESD RAUNGS......oeveeerieseseeeeeeseeeeeeeee s eseeeneneon, 4 10.2 Layout EXample ......ccccceeiiiieiiiiieiee e 22
6.3 Recommended Operating Conditions....................... 4 11 BRI ST o 23
6.4 Thermal INformation ......ooee e e 4 11,1 ORI IR v 23
6.5 Electrical Characteristics........... .5 11,2 D R ettt 23
6.6 Typical Characteristics..............coceevrverereereeninenenennns 6 L1 B oot 23
7 Detailed Description 114 BHEEL e 23
T OVEIVIEW oo 115 GIOSSAIY ...coiveiiiiiiiiii i 23
7.2 Functional Block Diagram 12 MU BERTITIER e 23

7.3 Feature DesCription.........cccocvevieriiniieiiecie e

4 BT LR
P 2 BRI TR AT i 5 2 RTRA BT .

Changes from Original (April 2019) to Revision A

* Changed the package image in the Pin Configuration and Functions
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5 Pin Configuration and Functions

HKU Package

10-Pin CFP
Top View
4 N\
Comp :_I‘: 1 10 :LC VREF
N I ST I RV
oevse | I3 si .| ] output
RT/Ct :_IE 4 7 :LC Gnd
NC (1l 5 61 NC
\ J
Not to scale
Pin Functions
PIN
1/0 DESCRIPTION
NAME NO.
Comp 1 | Error amplifier output.
Ves 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 — Ground.
Output (0] Regulated output.
Vee — Unregulated supply voltage.
VRer 10 o 5-V internally generated reference.

Copyright © 2019, Texas Instruments Incorporated
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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 \Y
\ Input voltage (Veg, Isense) -0.3 6.3 \Y,
Supply current Self limiting
lo Output current +1 A
Error amplifier output sink current 10 mA
Output energy (capacitive load) 5 [IN]
Pp Power dissipation (T = 25°C) 1 w
Tiead Lead temperature (soldering, 10 s) 300 °C
Tstg Storage temperature —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are with respect to ground. Currents are positive in, negative out of the specified terminal.

(3) 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

Vsp) | 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 (T, = T; = —-55°C to 125°C), unless otherwise noted

MIN MAX UNIT
Vee Supply voltage 12 25 \Y,
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
Rosa Junction-to-ambient thermal resistance 51.9 °C/IW
RoJc(boty Junction-to-case (bottom) thermal resistance 6.6 °C/IW
Ross Junction-to-board thermal resistance 315 °C/IW
LAL Junction-to-top characterization parameter 5.42 °C/IW
NAL: Junction-to-board characterization parameter 31 °C/IW

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

4 Copyright © 2019, Texas Instruments Incorporated
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6.5 Electrical Characteristics
Vee = 15 VO, Ry =10 kQ, C; = 3.3 nF, T, = 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 5.1 \%
Line regulation Vin=12to 25V 20 mV
Load regulation lo=1t0 20 mA 25| mv
Temperature stability@ ) 0.2 0.4| mv/eC
Total output variation @ Over line, load, and temperature 4.85 5.1 \%
Output noise voltage 10 Hz £ f £10 kHz, T; = 25°C 50 nY
Long-term stability 1000 hours, T = 125°C®@ 5 25 mv
Short-circuit output current -30 -100 -180| mA
OSCILLATOR
Initial accuracy T;=25°C@ 47 52 57| kHz
Voltage stability Vec=12t0 25V 0.2% 1%
Temperature stability T; =-55°C to 125°C® 5%
Amplitude peak-to-peak V pin 4@ 1.7 \Y

) ) T;=25°C 7.8 8.3 8.8
Discharge current Vpin4=2v® mA

T, = Full range 7.5 8.8

ERROR AMPLIFIER
Input voltage Veomp =25V 245 250 255 \%
Input bias current -0.3 -1 pA
Open-loop voltage gain Vo=2t04V 65 90 dB
Unity-gain bandwidth T;=25°C® 0.7 1 MHz
PSRR Vec=121t025V 60 70 dB
Output sink current Veg =2.7V, Veomp = 1.1V 2 6 mA
Output source current Veg =23V, Veomp =5V -05 -0.8 mA
High-level output voltage Vg = 2.3V, R = 15 kQ to ground 5 6 \%
Low-level output voltage Veg = 2.7V, R = 15 kQ to VRer 0.7 1.1 \%
CURRENT SENSE
Gain®® 2.85 315 VNV
Maximum input signal Veomp =5 V® 0.9 11| VvV
PSRR Ve = 12t0 25 VO 70 dB
Input bias current -2 -10 pA
Delay to output Visense = 0 to 2 V@ 150 300| ns

(1) Adjust Vcc above the start threshold before setting at 15 V.
(2) Parameters ensured by design and/or characterization, if not production tested.

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

Temperature Stability = Vgrer (max) — Vgegr (Min) / T3 (max) — T3 (min). Vrer (Max) and Vrge (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.
(4) Output frequency equals oscillator frequency.

(5) This parameter is measured with Rt = 10 kQ to Vggr. This contributes approximately 300 pA of current to the measurement. The total

current flowing into the Rt or C+ pin will be approximately 300 pA higher than the measured value.

(6) Parameter measured at trip point of latch with Veg = 0 V.
(7) Gain defined as: G = AVComp / AVISENSE; VISENSE =0to 0.8 V.

Copyright © 2019, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Vee =15 VO, Ry = 10 kQ, C; = 3.3 nF, T, = T; = -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
| =-20 mA 13 13.5
Output high-level voltage SOURCE \%
ISOURCE =-200 mA 12 13.5
Rise time C_=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 \%
Minimum operation voltage after turnon 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 = Visense =0V 11 17 mA
Vcc Zener voltage lcc =25 mA 30 34 \%
6.6 Typical Characteristics
4
R
< Vcec = 15V /
S 3 Ta = 25°Cc = a
g Ta = -55°C| —— ¥
S /
5 2 —==="7
= = ]
E poor S
T 1 /
i SOURCE SAT (Vcc-Vor)
LA —s‘lNK SAT (Vo)
0 —T1—T1 | [ |
.01 .02 .03 .04 .05 .07 A1 2 345 710

Output Current, Source or Sink (A)

Figure 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 : $
=1 5V >
SR 2er . [8] Vrer
Gnd [5 | I 50V
50 mA
25V .
| Internal
Veer Bias
Goo_d 7:| VC
Logic
R+/Cr [4] Osc
6] Output
Error
Amplifier 2R S
} R | PWM 5] Pwr
Latch Ground

Current
Sense
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 2 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.

Copyright © 2019, Texas Instruments Incorporated 7
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Feature Description (continued)

VIl . Ve
CLOCK %
REFERENCE
ERROR §“
PWM
AMPLIFIER o MPARATOR \ 4
VERROR

Vout R S 9 I
LATCH / [i

_I |_ —
Vsense -
‘ Vour

Rsense

CLOCK | I I
VERROR {
VSeENSE M )

LATCH ' | | I
OUTPUT —d

0019-1

Figure 2. Two-Loop Current-Mode Control System

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 3). 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 4.

Capacitor C; and resistor R;, in Figure 4(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 4(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.

8 Copyright © 2019, Texas Instruments Incorporated
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Feature Description (continued)
Vin
Veer * Ve VOLTAGE
£/A CONTROLLED
CURRRENT
SOURCE
l O Vour
= 0019-2
Figure 3. Inductor Looks Like a Current Source to Small Signals
AN
Rt
=
| Ci A 11
Rip ' Cr Ry “
Vo —AANA——AAA— Vo +—"VWA—9- B
Riz
Ra Ve % Ra E/A V¢
— +
Vret
0019-3 Vrer <———
0019-4
A. Direct duty cycle control B. Current mode control

Figure 4. 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 5 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 6 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. During normal circuit operation, V¢ is developed
from auxiliary winding, W,,,, with D; and C,y. However, at start-up, C,y must be charged to 8.4 V through R)y.
With a start-up current of 1 mA, R,y can be as large as 100 kQ and still charge C,y when V,c = 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.

Copyright © 2019, Texas Instruments Incorporated 9
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Feature Description (continued)
|
|
Vo ON/OFF command
se to rest of IC
|
|
|
|
: UC1843B-5P
|
| Vm,- g4v
| Vorr | 76V
L
Copyright © 2018, Texas Instruments Incorporated
Figure 5. UVLO Turnon and Turnoff Threshold
ICC
<17 mA +
A
<1mA -+
} } \V/
cC
VOFF VON
NOTE: During UVLO, the output driver is biased to sink minor amounts of current.
Figure 6. Supply Current Requirements
START=UP BOOTSTRAPPED =
CURRENT SUPPLY CURRENT
Rin
Iy =1mA Dy i E
= jf— .
90~130VAC wﬂ“é
v d
o cC
Cin UC1843B-SP -
45
outf= 2 F
GND
0019-8
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Figure 7. Providing Power to the UC1843B-SP
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Feature Description (continued)
7.3.2 Reference

As highlighted in the Functional Block Diagram, UC1843B-SP incorporates a 5-V internal reference regulator with
+2% set point variation over temperature.

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,y = 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 8 through Figure 10. 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 8 through Figure 10 show suggested circuits for driving MOSFETs and bipolar transistors with the
UC1843B-SP output. The simple circuit of Figure 8 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 9 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 10. Resistors R; 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. The Typical Application section shows a typical application for these two ICs. Increased drive capability
for driving numerous FETSs in parallel, or other loads can be accomplished using one of the UC1705/7-SP driver
ICs.

Copyright © 2019, Texas Instruments Incorporated 11
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Feature Description (continued)

10 TO 20V
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0019-19
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Figure 8. Direct MOSFET Drive
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Figure 9. Isolated MOSFET Drive

12
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Feature Description (continued)

12 TO 20V
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UC1843B-5P
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GND

0019-21
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Figure 10. 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 the Functional Block Diagram). When the sensed current reaches the stepped down
COMP voltage, the high-side power switch is turned off.

Copyright © 2019, Texas Instruments Incorporated 13
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test 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

Lier = 500 nH
Output Diode =
pucp la2as) Vout =5V
Came S Reuaww g
L:R‘ 9 Feedback Network
e =
P ¢ WA— - L I
iy . Coucerm o | |
| =1 40-20V "o = 19uF =1127p [
_ | [
I
— Compensation Network vin oot —=
r—=-=-p———-- I
i : v
| Cye = 1500 pF : UC1843B-SP
: Comp Vref Slope Compensation
|

Feedback Rt/Ct

Rup = 11.8kQ

TW—
I
Rs=0.075Q
|
| Cesr = 56 pFI
Te-ss!

Figure 11. Typical Application Schematic

8.2.1 Design Requirements
See Table 1 for parameter values.

Table 1. Design Parameters

PARAMETER SPECIFICATIONS
Input Power Supply 20 to 40 VDC
Output Voltage 5VvDC
Output Current 0to 10 A
Output Current Pre-load 100 mA
Operating Temperature 25°C
Switching Frequency of UC1843B-SP 200 kHz
Peak Input Current Limit 12 A
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 C; were chosen to
be 7.15 kQ and 1200 pF, respectively.

foox 1.72

osc ROSCX CUSC (l)
~ 1.72 _

bse = 715 kax 1200 pF — 200 KHz @

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.
Viomin * Dijm
Noswax = (T Vo x(1= D) €)

20 Vx0.5
N, 3.5 )

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(voul+ VDlode)
N = 0,

\/aux (5)
3.33%x(5 V+0.7 V)
Ny = 2G0T = 1. 46 (6)

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.

2 2
Viomax” % Dy

LPR’ = Voutx/curxéscx%}?lpple (7)
(40 V ¥x0.25°
5 Vx10 Ax200 kHzx0.4 — 2° HH (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 uH. 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.

IR' y — Vautxloutx%Rlpp/e
Ipple

Viamax * Dy (9)
_ 5 Vx10 AX0.475 _
Ripple = "—40 vxo0.25 = 2-375 A (10)
. _ Vout * lout + lRipple
IPriPeak Viow X Dupaxc X 1 2 (12)
5 VX100 A 2.375
bripeak = 20 vxo.5x08 T 2 = (-44 A (12)
2 2
. Vout X bout IR/pp/e
lerirms = \ Dx| 55Dt + 7%
(13)
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s = | 0.5x(%5"th A)2+ @75 AY _3.79 A
ri - . x = .
\ 20 Vx0.5 3 1)
Il /est ]
Isecrms = (1 - D) x byt + (R""%
\ (15)
| 2
lsecrms = :0.5x(1o A) L @375 Ax33F _ g gy A
| (16)

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 = K:Iamp x Nps x (Vout + wDiode) a7
Note that Kamp 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.

2
I% _ Vc/amp
lamp — Velamp

Ix X[ooo 2% xf
2 Lleakage 'PriPeak Vc/amp — Mps X ( Vout + VDrode) 'osc (18)
C — Vc/amp
C/amp Avclamp x Vclamp x R:/amp x t)sc (19)

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.

\/f"
Vbiodestress = Vout + /\I/::X (20)
Vbiodestress = 5V + gosg =17V (21)

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 X D,
Cou[> lout MAX

Vippre ® rso (22)
Cout > 55 o/x0:5 = 500 uF (23)
Cout > % (24)
Cout > 307 vaoa ke = 1 MF (25)

A value of around 1145 pF 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.
;

F =
t T
resonan 2mrx \ LF/I(er X CoBu/k (26)
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_ 1 _
Fresonant— 211><\;‘0.5 PHX 1127 aF =6.7 kHz (27)
F 1
Zero= 2% Cogy X ESRopui (28)
1 _

Fzero— amxt127 uFx0.000 o = 19-69 kHz 29)
Attenuationyg,, = 40 x 1og;o( =) — 20 x logo(£=) (30)
Attenuationys, = 40 x 10g4o( 25572 ) — 20 % logqq( 122054% ) = 36.88 dB (31)

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)

wo - \“ LFI/tsrx CoCerm x CoBulk (32)
— 2019 pF+1127 uF) o
Wo = \ 500 nHx19 pFx1127 uF — 463 kHz (33)

LFift
R: Ro % Leijter * (coCerm + CoBu/k)_ ({]oer
ilter = Ry X (Cocerm =+ Copurk)
o

’0 - LFlltsr x CoCerm (34)
R — 0.5%500 nHX(19 uF+1127 puF)— S0 0.232 O
ilter — " o.sX(10 uF 1127 wD) _ 500 pHx19 uF
463 kHz n H (35)

8.2.2.6 Compensation
The poles and zeros of a flyback converter can be found with the following equations:

£ _ 1+D
ZESR = 2% Cyp X Resp (36)
. 1+40.5 _
bESR = 2mxt1a6 uFxo.008 o — 23+ 15 kHz (37
£F= -1
P = 2mxCuXR, (38)
B
b= smxiie w05 — 278 Hz (39)
forpy = Rou (1= Dyaxe¥
- L
2mx NZSQI X Dyax (40)
Foripy = o.5><2(11;40.5)2 — 21 kHz
2mx 3.032 *0.5 (41)
_ 1 _ 1 —
fbompensation Zero — 2wxReowpXCoomp . 2X5.11 kQ2%0.22 uF — 142 Hz (42)
_ 1 _ 1 —
fCompensation Pole = 2mxReoyp* Cye — 2m%5.11 kQx1500 pF — 20.76 kHz (43)

Type IIB 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.
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_ VCS Threshold — VSlope Comp Offset
&S - Illmlt (44)
_1VvV=-01V__

Note that I;,; should be greater than Ip,pea, 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:

Sc: Vout X Res % Ges

Lpri % Nps (46)
5 Vx0.075 Ox3
Se= "2 uix3.33  — 16088 7)
fDSCxVOSC
Sosc = TNPP (48)
Spoo— 20 MLV _ 1360000 (49)

Rc _ Rop
Sf " Spse _ 4
Sc

_ 11.8 kQ __
Fowr = sy =11 0 (51)
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.

(50)

8.2.3 Application Curves

%

@ 00V )[2.00p 2.5065/5 o/ ][ 11Dec 2018

(T 10M points 0.00V 23:46:36

Figure 12. Switch Node of Flyback Converter

For the test in Figure 12, 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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Trig'd

Figure 13. Load Step Down With 40 V
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Figure 14. Load Step Up With 40 V,y

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 O 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.

Liier = 500 nH

Output Diod
T wosvon 77 Vo =5V
Caave Reuame
L:m Feedback Network
sec
° r= eou = 2.
+
S i 'i |« L :
1 L Cautauix
| =1 40-20Vv =1127p | =
— | —

1Z_-

r —| ]
: G = 1500 pF | UC1843B-5P
|
| ._/\/\/\,—4 Comp Vref
| =
| o

Feedback Rt/Ct

- Res=0.075Q
Current Sense Filter
\

Figure 15. 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. Tl 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.
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Layout Guidelines (continued)

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 ° O VREF
%RT
2N2222 ) - T T m Vcc
4.7k 100k
1« 1| COMP VREF [81—40.1uF
ERROR AMP J
ADJUST S% * 5 2| Vrs Vee 17 To.1uF
Isense So | 3] | OUTPUT T W ouTPUT
4.7k ADJUST [3] Isense 6]
L RT/CT GROUND
o GROUND

Ct

NOTE: High peak currents associated with capacitive loads necessitate careful grounding technigues. 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 16. Open-Loop Laboratory Test Fixture
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Tl 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 TI's views; see TI's Terms of Use.
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11.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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— B - Alignment groove width

*All dimensions are nominal
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. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
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EXAMPLE BOARD LAYOUT
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