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5 Pin Configuration and Functions

& 5-1. HKT Package

16-Pin CFP
Top View
# 5-1. Pin Functions

NAME NO. 110 DESCRIPTION
CLK 4 (6] Output of the internal oscillator.

Timing capacitor connection pin for oscillator frequency programming. The timing
CT 6 | : ’ . s

capacitor should be connected to the device ground using minimal trace length.
EAOUT O Output of the error amplifier for compensation.
GND 10 — Analog ground return pin.
ILIM/SD | Input to the current limit comparator and the shutdown comparator.
INV 1 | Inverting input to the error ampilifier.
NI 2 | Non-inverting input to the error amplifier.
OUTA 11 (6] High-current totem pole output A of the on-chip drive stage.
ouTB 14 (6] High-current totem pole output B of the on-chip drive stage.
PGND 12 — Ground return pin for the output driver stage.

Non-inverting input to the PWM comparator with 1.25-V internal input offset. In voltage
RAMP 7 | mode operation this serves as the input voltage feed-forward function by using the CT

ramp. In peak current mode operation, this serves as the slope compensation input.
RT | Timing resistor connection pin for oscillator frequency programming.
SS | Soft-start input pin which also doubles as the maximum duty cycle clamp.

Power supply pin for the output stage. This pin should be bypassed with a 0.1-u F
VvC 13 — s . . . L

monolithic ceramic low ESL capacitor with minimal trace lengths.

Power supply pin for the device. This pin should be bypassed with a 0.1- 1 F monolithic
VCC 15 — . : . -

ceramic low ESL capacitor with minimal trace lengths.

5.1-V reference. For stability, the reference should be bypassed with a 0.1- 1 F monolithic
VREF 16 o} . . L

ceramic low ESL capacitor and minimal trace length to the ground plane.
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Z 5-2. Bare Die Information

BOND PAD
DIE THICKNESS BACKSIDE FINISH BACKSIDE POTENTIAL METALLIZATION BOND PAD THICKNESS
COMPOSITION
15 mils Backgrind Si - Finish GND AlICu 2000 nm

& 5-2. UC1825B-SP Bare Die Pin Number Locations
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Z 5-3. Bond Pad Coordinates in Microns

DESCRIPTION PAD NUMBER X MIN Y MIN X MAX Y MAX
INV 1 962.66 2933.7 1064.26 3035.3
NI 2 754.38 2938.78 855.98 3040.38
EAOUT 3 147.32 24511 248.92 25652.7
CLK 4 124.46 2052.32 226.06 2153.92
RT 9 165.1 1244.6 266.7 1346.2
CT 10 134.62 708.66 236.22 810.26
RAMP 1" 429.26 167.64 530.86 269.24
SS 12 594.36 167.64 695.96 269.24
ILIM/SD 13 1681.48 307.34 1783.08 408.94
GND 15 2225.04 66.04 2326.64 167.64
OUTA 16 1879.6 751.84 1981.2 853.44
PGND 17 2153.92 1463.04 2255.52 1564.64
vC 18 1564.64 1460.5 1666.24 1562.1
ouTB 19 1889.76 2171.7 1991.36 2273.3
VvCC 20 2207.26 2933.7 2308.86 3035.3
RAMP 21 1874.52 3014.98 1976.12 3116.58

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: UC1825B-SP

Submit Document Feedback 5

English Data Sheet: SLUSDDS


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/uc1825b-sp?qgpn=uc1825b-sp
https://www.ti.com.cn/cn/lit/pdf/ZHCSJJ9
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSJJ9A&partnum=UC1825B-SP
https://www.ti.com.cn/product/cn/uc1825b-sp?qgpn=uc1825b-sp
https://www.ti.com/lit/pdf/SLUSDD5

13 TEXAS
UC1825B-SP INSTRUMENTS
ZHCSJJ9A - APRIL 2019 - REVISED DECEMBER 2020 www.ti.com.cn

6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)() (2)

MIN MAX| UNIT
Supply voltage VC, VCC 30 \%
DC 0.5
Output current, source or sink, OUTA, OUTB A
Pulse (0.5 us) 2.0
INV, NI, RAMP -0.3 7
Analog inputs v
SS, ILIM/SD -0.3 6
Clock output current CLK -5 mA
Error amplifier output current EAOUT 5 mA
Soft-start sink current SS 20 mA
Oscillator charging current RT -5 mA
Power dissipation 1 w
Lead temperature (soldering, 10 seconds) 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, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

(2) All voltages are with respect to GND; all currents are positive into, negative out of part; pin numbers refer to CFP-16 package.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +1000

Vesp)y  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- 41500 \
C101®@ -

(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 10 30 \Y
Sink/source output current (continuous or time average) 0 100 mA
Reference load current 0 10 mA
6 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated
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6.4 Thermal Information

UC1825B-SP
THERMAL METRIC() HKT (CFP) UNIT
16 PINS
Roua Junction-to-ambient thermal resistance 322 °C/W
R0 Jc(top) Junction-to-case (top) thermal resistance 13.8 °C/W
Ry Junction-to-board thermal resistance 15.2 °C/W
V7 Junction-to-top characterization parameter 7 °C/W
LTS Junction-to-board characterization parameter 14.6 °C/W
R0 yc(bot) Junction-to-case (bottom) thermal resistance 5 °C/W

M
report.

6.5 Electrical Characteristics

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

Unless otherwise stated, these specifications apply for Rt = 3.65 kQ, Ct =1 nF, Ve =15V, -55°C < Tp<125°C, To =T,

PARAMETERS TEST CONDITIONS MIN TYP MAX| UNIT
REFERENCE
Output voltage T;=25°C,lp=1mA 5.024 5.1 5.176 \Y
Line regulation 10V <Veec <30V 200 mv
Load regulation 1TmA<Ip<10 mA 20| mVv
Total output variation Line, load, temperature 5 5.2 \%
Output noise voltage 10 Hz<f< 10 kHz 50 wV
Short-circuit current VRep =0V -15 -50 -100 mA
OSCILLATOR SECTION
Initial accuracy T,=25°C 360 400 440| kHz
Voltage stability 10V <Vgec<30V 0.2% 2%
Temperature stability Tmin < Ta < Tmax 5% 16%
Total variation Line, Temperature 340 460| kHz
Clock out high 3.9 45 \Y
Clock out low 23 2.9 \%
Ramp peak(?) 2.6 2.8 3 \%
Ramp valley(") 0.7 1 1.25 \%
Ramp valley to peak(®) 1.6 1.8 2.1 \%
ERROR AMPLIFIER
Input offset voltage 10| mVv
Input bias current 0.6 LA
Input offset current 0.1 1 LA
Open-loop gain 1V<Vp<4V 60 95 dB
CMRR 1.5V<Vey<55V 75 95 dB
PSRR 10V <V <30V 85 110 dB
Output sink current Vepou= 1V 1 2.5 mA
Output source current Vepout =4V -05 -13 mA
Output high voltage lg/aout = — 0.5 mA 4 4.7 5. \%
Output low voltage lejaout = 1 MA 0 0.5 1 \%
Gain bandwidth product(!) f =200 kHz 5 10.5 MHz
Slew rate(") 4 9 Vius
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6.5 Electrical Characteristics (continued)
Unless otherwise stated, these specifications apply for Rt = 3.65 kQ, Ct =1 nF, Vg =15V, -55°C < Tpo <125°C, Tpo =T,

PARAMETERS TEST CONDITIONS MIN TYP MAX| UNIT
PWM COMPARATOR
Ramp bias current VRamp =0V -1 -5 LA
Duty cycle range 0% 80%
E/A out zero dc threshold VRamp =0V 1.1 1.25 \%
Delay to output(!) 50 80| ns
SOFT-START
Charge current Vsoft start = 0.5 V 3 9 20 LA
Discharge current Vsottstat = 1V 1 mA
CURRENT LIMIT/SHUTDOWN
Current limit/shutdown bias current 0<Viumsp <4V 15 LA
Current limit threshold 0.9 1 1.1
Shutdown threshold 1.25 1.4 1.55 \Y
Delay to output(") 50 80| ns
OUTPUT
lout =20 mA 0.25 0.4
Low-level output voltage \%
louT =200 mA 1.2 22
lour= -20 mA 13 13.5
High-level output voltage \%
lout = -~ 200 mA 12 13
Collector leakage V=30V 10 500 LA
Rise/fall time(") C.=1nF 30 75| ns
UNDERVOLTAGE LOCKOUT
Start threshold 8.8 9.2 9.6 \Y
UVLO hysteresis 0.4 0.8 1.2 \%
SUPPLY CURRENT SECTION
Startup current Vec =8V 1.1 25 mA
lcc Vinv = VRamp = ViLmisp =0V, Vi =1V 22 33| mA

(1) Parameters ensured by design and/or characterization, if not production tested.
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6.6 Typical Characteristics

Light
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7 Detailed Description
7.1 Overview

UC1825B-SP PWM controller is a radiation hardened version of the standard UC1825 family. Error amplifier gain
bandwidth product is 10.5 MHz. Protection circuitry includes a current limit comparator with a 1-V threshold, a
TTL compatible shutdown port, and a soft start pin which will double as a maximum duty-cycle clamp. The logic
is fully latched to provide jitter-free operation and prohibit multiple pulses at an output. An undervoltage lockout
section with 800 mV of hysteresis assures low start up current. During undervoltage lockout, the outputs are high
impedance. This device features totem pole outputs designed to source and sink high peak currents from
capacitive loads, such as the gate of a power MOSFET. The on state is designed as a high level.

7.2 Functional Block Diagram

—_———————————————eee———————————
CLOCK |4

Rt |5 )

0OSC PWM Latch

cr EII;] (Set Dom.

125V R
RAMP E} f
: S

{
E/AQut | 3
Wide Bandwidth
Error Amp. v
N2 IN
Error +
Amp |y [ - In Doua
W

\_\ﬂhibit
I

j{ Toggler F/F
| o9grer 13 Ve
Soft Start é] = o T OutA

ILiv I

| CPRTR
| v {:% 14| OutB
Shutdown
lum/ SD [9} CPRTR Pwr GND
1.4v—(

Vee T . Internal j\
9v (g Bias
uvLO

Inhibit

VRer Good
GND . Gate REF 16| Vrer
—= Vg Good
e 1
VDG-92032-2

7.3 Feature Description

UC1825B-SP can be configured as current mode controller, used to support various topologies such as forward,
flyback, buck, boost and using an external interface circuit will also support half-bridge, full bridge, and push-pull
configurations.
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7.3.1 Control Methods

7-1 shows the control methods.

Current Mode Voltage Mode
ISWITCH r _______________ r _______________
/\/ I v I
cT :CT :CT
= | |
| |
T 125V | 1.25V
T——i r—
I'RAMP I'RAMP
_~ RSENSE : I~ CT :
| from E/A I | from E/A
= | = |
L L

UDG-95110

&] 7-1. Control Methods

7.3.2 Synchronization

The oscillator can be synchronized by an external pulse inserted in series with the timing capacitor (see & 7-2).
Program the free running frequency of the oscillator to be 10% to 15% slower than the desired synchronous
frequency. The pulse width must be greater than 10 ns and less than half the discharge time of the oscillator. &
7-3 shows how to synchronize two ICs, with one as primary and one as secondary. ¥ 7-4 shows the waveforms
in a primary and secondary configuration.

|
Vsyne (c = I
)J c |
Ry / ) 390 T !
AV [ —Te]

|
= 100 |
50-Q '
External — = :
Clock |
|

L

UDG-95111
& 7-2. General Oscillator Synchronization
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Secondary

]
s}
A

i

]
4
x 1
By
A

& 7-3. Two Unit Interface

VSYNC

UDG-95112

K 7-4. Operational Waveforms

7.3.3 High Current Outputs

Each totem pole output of the UC1825B-SP can deliver a 2-A peak current into a capacitive load. The output can
slew a 1000-pF capacitor by 15 V in approximately 20 ns. Separate collector supply (VC) and power ground
(PGND) pins help decouple the analog circuitry of the device from the high-power gate drive noise. The use of
3-A Schottky diodes (1N5120, USD245, or equivalent) as shown in the [¥/ 10-1 from each output to both VC and
PGND are recommended. The diodes clamp the output swing to the supply rails, necessary with any type of
inductive or capacitive load, typical of a MOSFET gate, as shown in 5] 7-5. Schottky diodes must be used
because a low forward voltage drop is required.

#E

Do not use standard silicon diodes.
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10 uF

T

GND

D1. D2 = 1N5820
UDG-95114

K] 7-5. Power MOSFET Drive Circuit

7.3.4 Open Loop Test Circuit

This test fixture is useful for exercising many functions of this device family and measuring their specifications

(see & 7-6). As with any wideband circuit, careful grounding and bypass procedures must be followed. Tl highly
recommends using a ground plane.

UC1825
@10?
Oscillator
- @1—1 15V
i T 0.1 uF 10 uF
Out A - »—b
50 Q
27k E/A Out outB [14}4——o
= || 22ke3 T Error 2 x 1N5820
= Pwr Gnd
10 kQ S4€ 2 |NonINV [ Amp m
INV Gnd m
27 k 1
47 kQ =
a8 1 10uF n Soft Start | o041 uF
10kQ>¢———0 - I I VRE|:5.1V >—H]>
% I im Shutdown I —
3.3kQ - ]
VDG-92032-2

K 7-6. Open Loop Test Circuit Schematic
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7.4 Device Functional Modes

The UC1825B-SP is compatible with voltage-mode or current-mode topologies. The UC1825B-SP uses fixed
frequency, peak current mode control. An internal oscillator initiates the turn-on of the driver to high-side power
switch. The external power switch current is sensed through an external resistor and is compared through
internal comparator. The voltage generated at the COMP pin is stepped down through internal resistors. When
the sensed current reaches the stepped down COMP voltage, the high-side power switch is turned off.

14 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: UC1825B-SP
English Data Sheet: SLUSDD5


https://www.ti.com.cn/product/cn/uc1825b-sp?qgpn=uc1825b-sp
https://www.ti.com.cn/cn/lit/pdf/ZHCSJJ9
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSJJ9A&partnum=UC1825B-SP
https://www.ti.com.cn/product/cn/uc1825b-sp?qgpn=uc1825b-sp
https://www.ti.com/lit/pdf/SLUSDD5

13 TEXAS
INSTRUMENTS UC1825B-SP
www.ti.com.cn ZHCSJJ9A - APRIL 2019 - REVISED DECEMBER 2020

8 Application and Implementation

#1E

PAR RLFR 4 145 B R T T1 38R YE FE , TI A GRILAERR A e . TI % N5 S
S REIEH T HNM . & I IEFF N, DR RS EE.

8.1 Application Information

The oscillator of the UC1825B-SP is a saw tooth (see 8-1). The rising edge is governed by a current
controlled by the RT pin and value of capacitance at the CT pin (Cc1). The falling edge of the sawtooth sets
dead time for the outputs. Selection of RT must be done first, based on desired maximum duty cycle (see
8-3). CT can then be chosen based on the desired frequency (RT) and Dyax (see Kl 8-2). J7#£3{ 1 shows the
design equations.

(1.6 X Dyjax)
(Ry x 1)

3V
10 mA) x (1 — Dyax)

Rr =1 Cr =

(1

Recommended values for Rt range from 1 kQ to 100 kQ. Control of Dyax less than 70% is not recommended.

—>» CLK

ID=10 mA

UDG-95102

& 8-1. Oscillator
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8.2 Typical Application

The UC1825B-SP as a dual output controller that has integrated drivers for a push-pull topology and can be
used for half bridge and full bridge applications by using external high side drivers. While the UC1825B-SP
originally supported voltage mode topologies, the device with minimal external components can support current
mode topologies as well. The RAMP pin is used for the input current sense and the ILIM pin is used as the
current limit pin. External components are needed to ensure slope compensation is implemented.

R =50kQ |

T
Coawe =330 pFJ_
S gﬂ’.
Loor=22WH  Lumea=500nH _
T VOUT 5 V Feedback Network
= " 1 ]
Lpg ks —t- : Reay = 2.05 kQ :
— = et +
[ 1OV:—+_: = = = ! § : | |
== L= —L Coucem = 19 WF |Cousune = 1127 F : -7 ! :
|_;: \-—_—LJ T outa - —|-- : |
|_____ = ||— | Rep = 2.05kQ | |
- (= | :
i R s
| P!
| Cye = 2200 pF : VREF
I |Reowp =475 k0 - _l ==
| Coome =012 4 Cq=068nF [ |
| | ucis2se-sp  CT TO—N |
e |
INV I :
* I I I
Css=15nF | |
RT = : Ruwp=316kQ |
:I: ILIM/RAMP | § |
|
= GND ! |
| Resr =316 kQ |
Rer=10kQ [T st ,
L | | |
- T
b L
— -
: T I
T Cep=112pF |
& 8-4. Typical Application
16 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: UC1825B-SP
English Data Sheet: SLUSDDS


https://www.ti.com.cn/product/cn/uc1825b-sp?qgpn=uc1825b-sp
https://www.ti.com.cn/cn/lit/pdf/ZHCSJJ9
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSJJ9A&partnum=UC1825B-SP
https://www.ti.com.cn/product/cn/uc1825b-sp?qgpn=uc1825b-sp
https://www.ti.com/lit/pdf/SLUSDD5

13 TEXAS
INSTRUMENTS UC1825B-SP
www.ti.com.cn ZHCSJJ9A - APRIL 2019 - REVISED DECEMBER 2020

# 8-1. Design Parameters

PARAMETER SPECIFICATIONS
Input Power Supply 221048 VDC
Output Voltage 5VDC
Output Current 0to 10 A
Output Current Pre-load 0.5mA
Operating Temperature 25°C
Switching Frequency of UC1825B-SP 215 kHz
Peak Input Current Limit 7A
Bandwidth ~5 kHz
Phase Margin ~80°

8.2.1 System Design Theory
8.2.1.1 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 215

kHz was chosen as a trade off between bandwidth and efficiency. Using J5 2 2 for the UC1825B-SP, Rt and
Ct were chosen to be 10 kQ and 680 pF, respectively.

1.46
fosc ® B x ¢y (2)

N 1.46 _
fosc® 715 7m x 680 pF — 215 kHz ®)

8.2.1.2 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 the maximum duty cycle of the converter is used will give you a
maximum turns ratio. The UC1825B-SP design targeted a duty cycle of 30%. Since this design is for a dual
output device the duty cycle must stay below 50%. If both outputs were running above 50% duty cycle they
would have to overlap which is not possible for the topology. The equation of the turns ratio of the transformer is

Jites 4.

2 XVinMIN X Diim
—_— (4)

N =
psMAX (Vout + VDiode)

_2x22 Vx0.3 _
Npsmax =@ vro.7 v) = 231 ®)

Often the turns ratio will slightly change in design due to how the transformer is manufactured. For the
UC1825B-SP design a turns ratio of 2.2 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. Selecting this voltage 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 is /7 #£{ 6.

Npo XV
ps aux
N .= 2 6
as VinMIN ()
2.2x15 V

An auxiliary winding of 1.5 was used for the UC1825B-SP design. The primary inductance of the transformer is
found from picking an appropriate magnetizing current. The magnetizing current of the transformer is the amount
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of current drawn through the windings of the transformer when the output is open circuited. Decreasing the
magnetizing current will increase the inductance of the transformer, perhaps to unreasonable values. Increasing
the magnetizing current will cause efficiency to decrease. It is desirable to keep the magnetizing current low,
thus 6% was picked for the design value. The equation for the auxiliary winding turns ratio is /7 f£x{ 8.

_ NpsXVipmax X DMIN
p fosc X Y%omag X lout

8)

L = 2.2x48x0.13
P~ 215 kHzx0.06x 10

=106 uH 9)

There are quite a few physical limitations when making transformers that will affect the inductance value. For the
UC1825B-SP design a primary inductance of 120 yH was used. The output inductor was then picked based on

the output inductor ripple current with 723\ 10.

VinmMax

N——Vf—VOut XDMIN
L; = s "
inductor fosc X lout X Yripple

(B ~0.7 v-5 v)x0.13
LinductOT= 215 kHzx 10 A X 0.45 =2.14 llH (11)

In the final design, a 2.2- 1 H inductor was used. The peak and primary currents of the transformer are also
generally useful for figuring out the physical structure of the transformer, so equations are listed below. Note
these equations are only true for continuous conduction mode. Peak currents are higher at the maximum input
voltage while the RMS current is highest at the minimum input voltage. These are also idea values and don't
take into account efficiency. Final designs needs to be optimized depending on the specific application
requirements. Equations that show how to calculate these for this design are below:

Isecmax = Tout +0.5 % %ripple X Tout (12)
Igecmax =10 A + 0.5x0.445x10 A = 12.23 A (13)
IsecMAX +0.5X Y%mag X lout
Iprimax = N 4 (14)
ps
12.23 A+0.5%X0.06x10 A
IpTiMAX= 2.2 =5.7 A (15)

VinMIN
Dpax % <N—ps ~(Vour t V¢

2 X fosc X Linductor

IseeMAXVinMIN) = Tout + (16)

0.285><(222 2"—(5 vV o+ 0.7 V))
Isecmax(vinminy =10 A+ 2% 215 kHzx2.2 ill =11.3 4 (17)
_ lsecMAX(VinMIN) + 0.5 X %mag X Ioyt
IpriMAX(VinMIN) = N (18)

s

11.3 A +0.5x0.06x 10
IpriMIN(VinMIN) = 73 =5.27 A (19)

VinMIN
DMAX><< Nps Vout tVy

IsecMIN(VinMIN) =lout — 2 X Fosc X Linductor (20)
0.285><(222 ZV—(S vV o+ 0.7 V))
IsecMIN(VinMIN) =10 A- 2X 215 kHzx2.2 uH =8.7 A (21)
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IsecMIN(VinMIN) = 0.5 X Y%mag X lout

IpriMIN(VinMIN) = Nps (22)
8.7 A —0.5x0.06x10
IpriMIN(VinMIN) = 5 =3.82 4 (23)
. ~ (Vout +Vp) x Nps (24)
onMAX = 2X Fosc X VinMIN
(5 V +0.7 V)x2.2 _
tonMAX = "% 215 kHzx2z v — 1-33 us (2%)
IpriMAX(VinMIN) — IpriMIN(VinMIN
My = 4 ( ! )~ 'p ( ) (26)
onMAX
My = 512733# =1090226 A/s 27)
(mpri X tonMAX)Z Mpri 2
Iprirms = A|Dmin X 3 + —5— X LpriMIN(VinMIN) % tonMAX T lpriMIN(VinMIN) (28)

2 2
Ipn-RMS=\/0.285><((1090226 4/sx1.33 ) 4 1090226 A/5 »3.82 Ax1.33 ,us+<3.82 A) ):2.27 A (29)

8.2.1.3 RCD and Diode Clamp

For the UC1825BEVM-CVAL a resistor and capacitor in combination with a diode was used to clamp the voltage
of the switch node. 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 decide
how much the node is allowed to overshoot. The equation for finding the voltage of the clamp is J7 2= 30.

Velamp = Kclamp X Nps X (Vout + VDiode) (30)

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 RCD clamp voltage is allowed to change over the
switching cycle, can allow one to figuring out starting values for the resistor and capacitor using 77 #£x{ 31 and
JirEa 32.

2
14
clamp . (31)
clamp

Velamp — Nps % (Vout + VDiode)

Rclamp =

2
5 X Lieakage X IPriPeak” % X fosc

Vv
- - clampR (32)
clamp X Vclamp X Relamp X fosc

Cclamp =

A starting value of 10% is generally used for A Vgjamp.
8.2.1.4 Output Diode

The voltage stress by the converter on the diode can be found with J5#£={ 33.

VinmMAx
VDiodeStress = Vout + N—ps (33)
48 V
VDiodeStress=5 V+—55-=26.8 V (34)
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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 UC1825-SP diode was picked to have a voltage rating of 60 V.

8.2.1.5 Main Switching MOSFETs

Each switch applies the input voltage across the transformer and the voltage is then divided down by the turns
ratio and applied to the secondary side. Since the magnitude of the voltage across the windings is the input
voltage, when the switch is off the primary switching MOSFETs will see twice the input voltage as the voltage
stress plus some amount of ringing. This means the MOSFETs chosen for a push-pull topology should have a
voltage rating of about 2.5 to 3 times higher than the input voltage.

8.2.1.6 Output Filter and Capacitance

For most designs, a ripple voltage is picked and the output capacitance is figured out from that value. The output
capacitance value needs to be able to withstand a full output current step as well as keep the voltage ripple of
the output low. The UC1825B-SP design started similar to that using the equations for voltage ripple and load
step with 77 #£:X 35 and J7f£\ 37.

Cou > A (35)
Cout > 55t 22 03— = 600 uF (36)
Cout > % (37)
Cout > 2503 75Tz = 1060 i F (38)

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. This was done in order to keep output voltage ripple as low as possible. 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. The value was chosen to put the resonant frequency pole well
before the switching frequency of the design as well as the zero from the ESR of the bulk capacitors to provide
more attenuation.

_ 1
Fresonant = 2m X \/LFilter X CoBulk (39)
_ 1 _
Fresonant = 2o o5 nmstizr r 07 Kz (40)
F 1 (1)
Zero = 2m X Copylk X ESRoBulk
1 _
Fzero = 77 x1127 aFx0.0090 1 — 15:69 kHz (42)
A ] =40x1 fosc 20 x 1 fosc 43
ttenuationgs,, = 40 X logy Tresonant) ~ x logqp Trere (43)
Attenuationg,, = 40 x logyo( 229—4Z) — 20 X log1o( 55 1z) = 36.88 dB (44)
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Sometimes the output filter can cause peaking at high frequencies. This can be damped by adding a resistor in
parallel with the inductor which will decrease efficiency. For the UC1825B-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:

W, = 2(CoCerm + CoBulk) (45)
o Lriiter X Cocerm X CoBulk
B 2019 uF + 1127 uF)
Wo = \/500 RHX 19 pF x 1127 aF — 403 kHz (46)
R X L C c LFilter
o X Lrilter X | CoCerm + CoBulk T T w, -
Rriiter = 47
Filter = Ry x (Cocerm * CoBulk) Li: c
wg — LFilter X CoCerm
0.5x500 nHx (19 pF +1127 uF) - 200-HL
Rrilter = =5 5% 0 wF+ 1127 2P =0.232 & (48)

T —500 nHx19 uF

8.2.1.7 Compensation

Type 1IB compensation was picked for the topology, adding a pole and a zero to the frequency response. The
location of where the pole and zero should be placed will depend on the desired crossover frequency and the
ESR zero of the output capacitors. The zero in compensation should be placed at least a decade before the
crossover frequency for the maximum phase boost. Note that compensation values were picked with a crossover
frequency of 5 kHz in mind for this design. The pole from the compensation should be placed at the zero created
by the ESR of the output capacitor.

_ 1 _ 1 _
f2ESR = 2mx Ty XESE — Znx 1146 aF<0.000 1 — 1°-43 kHz (49)
f = L = L =15.23 kHz (50)

pCOMP = 2n X Rcomp X CHF _ 2m X 4.75 ki x 2200 pF '
f = L = L =279 Hz (51)
zCOMP = 2 X Roomp X Ccomp  2m X 4.75 k2x0.12 pF

The zero from compensation was placed well before the 500-Hz mark which is appropriate. The pole from
compensation was optimized while the circuit was tested and thus it was found that placing the pole a little bit
earlier smoothed out the frequency response.

8.2.1.8 Sense Resistor

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 over the current limit set. The voltage threshold of the CS pin is
around 1 V and the shutdown current should be above the max current you expect. The max current limit will
depend on the specific design. The equation used to find the max current limit is J7#£ 5 52.

V¢S Threshold
R. =—— 52
cs Himit (52)
1V
Res=%766 2=0.15 0 (53)
Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 21

Product Folder Links: UC1825B-SP
English Data Sheet: SLUSDD5


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/uc1825b-sp?qgpn=uc1825b-sp
https://www.ti.com.cn/cn/lit/pdf/ZHCSJJ9
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSJJ9A&partnum=UC1825B-SP
https://www.ti.com.cn/product/cn/uc1825b-sp?qgpn=uc1825b-sp
https://www.ti.com/lit/pdf/SLUSDD5

13 TEXAS
UC1825B-SP INSTRUMENTS
ZHCSJJ9A - APRIL 2019 - REVISED DECEMBER 2020 www.ti.com.cn

8.3 Application Curves

Ves(Q1) @ ' \ , \

15(Q1) @ N N -

U U

Vss(Q2) @

15(Q2) @

2 xVee
Vps(Q1) Vee

2 x VCC
Vps(Q2) Vee

VSAT

lpr1 &

VSEC @

IO
Ip4 IO/2
(%)
ISEC
7
K 8-5. Basic Push-Pull Waveforms
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Kl 8-6. Voltage Stress Across Main Switching MOSFETS Q1 and Q2

The test in 4] 8-6 was done with 48-V input and a 10-A output load.
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& 8-7. Output Voltage Ripple With 48 Vy

Output voltage ripple test in ¥ 8-7 was done with 48-V input and 10-A output current.
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& 8-8. Full Output Voltage Transient With 48 Vy

Full step up transient in |5 8-8 was done with 48-V input and output current was stepped from 0 A to 10 A.
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9 Power Supply Recommendations

The UC182B-SP is designed to operate from an input voltage supply range between 10 V and 30 V. This input
supply should be well regulated. If the input supply is located more than few inches from the UC1825B-SP
converter, additional bulk capacitance may be required in addition to the ceramic bypass capacitors. A tantalum
capacitor with a value of 100 uF is a typical choice; however, this may vary depending upon the output power
being delivered.

The UC1825B-SP controller can be used to convert power efficiently using any of several standard topologies
such as push-pull, forward, half-bridge, or full bridge. Design tradeoffs of cost, size, and performance narrow the
field to the one that is most appropriate. For a typical application, such as in 77 8.2, push-pull converter topology
is highlighted.

10 Layout
10.1 Layout Guidelines

Always use a low EMI inductor with a ferrite-type 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 bit more 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

Run the feedback trace as far from the inductor and noisy power traces as possible. The feedback trace should
be as direct as possible and somewhat thick, which sometimes involves a trade-off, but keeping the feedback
trace away from inductor EMI and other noise sources is more critical. 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, it must be located as close as possible to the VIN pin of
the IC. This will eliminate as much trace inductance effects as possible and give 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 must also be positioned as close as possible to
the IC. Using surface-mount capacitors also reduces lead length and lessens the chance of noise coupling into
the effective antenna created by through-hole components.

10.1.3 Compensation Components

External compensation components for stability must also be placed close to the IC. Surface mount components
are recommended here as well for the same reasons discussed for the filter capacitors. Locate the surface-
mount components away from the inductor.

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 board to make the traces an absolute minimum of 15 mils (0.381 mm) per Ampere. The inductor,
output capacitors, and output diode must 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 will also reduce lead
inductance and resistance as well, 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) must
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 will reduce noise as well by reducing ground loop errors as well as by absorbing
more of the EMI radiated by the inductor. For multilayer boards with more than two layers, a ground plane can be
used to separate the power plane (where the power traces and components are) and the signal plane (where the
feedback, compensation, and components are) for improved performance. On multilayer boards, the use of vias
will be required to connect traces and different planes. It is good practice to use one standard via per

200 mA of current if the trace must conduct a significant amount of current from one plane to the other. 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 state when the switch is
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off. During each state there will be 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.

10.1.5 Ground Planes

Each output driver of these devices is capable of 2-A peak currents. Careful layout is essential for correct
operation of the chip. A ground plane must be employed. A unique section of the ground plane must be
designated for high di/dt currents associated with the output stages. This point is the power ground to which the
PGND pin is connected. Power ground can be separated from the rest of the ground plane and connected at a
single point, although this is not necessary if the high di/dt paths are well understood and accounted for. VCC
must be bypassed directly to power ground with a good high frequency capacitor. The sources of the power
MOSFET must connect to power ground as must the return connection for input power to the system and the
bulk input capacitor. The output must be clamped with a high current Schottky diode to both VCC and PGND.
Nothing else should be connected to power ground.

VREF must be bypassed directly to the signal portion of the ground plane with a good high frequency capacitor.
Tl recommends low ESR/ESL ceramic 1-mF capacitors for both VCC and VREF. All analog circuitry must
likewise be bypassed to the signal ground plane. See %] 10-1.

10.2 Layout Example

|
I | I
| | | G . y — VIN
I || - o I
| To Analog Circuitry | | I
I | | E: Power Stage I
| 1 vee[— |
| +|  Cauw

| = I
I | I

1 o
| cT | | our [ ] . N/\/\rIE |
I | I
| VREF | | |
I | I I
I m! I I
GND | PGND . » RTN
| | [r | T |
I | 1| - I
I | I I
I I I
Signal Ground I Power Ground
L J L ]
UDG-95115
& 10-1. Ground Planes Diagram
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11 Device and Documentation Support
11.1 Documentation Support
11.1.1 Related Documentation

For related documentation see the following:

* Unitrode Application Note U-93, SLUAQ75
* Unitrode Application Note U-97, SLUA101
* Unitrode Application Note U-110, SLUA053
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11.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.
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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 part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
5962R8768106V9A Active Production XCEPT (KGD) | 0 25| OTHER Yes Call Tl N/A for Pkg Type -55to 125
5962R8768106V9A.A Active Production XCEPT (KGD) | 0 25| OTHER Yes Call Tl N/A for Pkg Type -55to 125
5962R8768106VYC Active Production CFP (HKT) | 16 25| TUBE ROHS Exempt NIAU N/A for Pkg Type -55t0 125 5962R8768106VY
U01825(B:HKT-SP
5962R8768106VYC.A Active Production CFP (HKT) | 16 25| TUBE ROHS Exempt NIAU N/A for Pkg Type -55t0 125 5962R8768106VY
UClSZSgHKT-SP
UC1825BHKT/EM Active Production CFP (HKT) | 16 25| TUBE ROHS Exempt NIAU N/A for Pkg Type 25t0 25 UC1825BHKT/EM
EVAL ONLY
UC1825BHKT/EM.A Active Production CFP (HKT) | 16 25| TUBE ROHS Exempt NIAU N/A for Pkg Type 2510 25 UC1825BHKT/EM
EVAL ONLY

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.
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Important Information and Disclaimer:The information provided on this page represents TI'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.

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 - Tubelength

< n
« Lt

A
A 4

\ 4

*
W - Tube |
> 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)
5962R8768106VYC HKT CFP (HSL) 16 25 506.98 26.16 6220 NA
5962R8768106VYC.A HKT CFP (HSL) 16 25 506.98 26.16 6220 NA
UC1825BHKT/EM HKT CFP (HSL) 16 25 506.98 26.16 6220 NA
UC1825BHKT/EM.A HKT CFP (HSL) 16 25 506.98 26.16 6220 NA
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PACKAGE OUTLINE
CFP - 2.13 mm max height

CERAMIC DUAL FLATPACK
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NOTES:

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

per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This package is hermetically sealed with a metal lid. Lid and cavity are electrically isolated

4. The terminals are gold plated.
5. Falls within MIL-STD-1835 CDFP-F11A.
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