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RAD-TOLERANT CLASS-V, CURRENT-MODE PWM CONTROLLER

FEATURES
. FK PACKAGE
e QML-V Qualified, SMD 5962-86806 (TOP VIEW)
e Rad-Tolerant: 30 kRad (Si) TID @ S
+ Automatic Feed-Forward Compensation ]
e Programmable Pulse-by-Pulse Current b 3 o E i
Limiting >0 zZzw >
. Autqmatic_Symmetry Correction in Push-Pull (" [3_”2_”1_”5“51
Configuration C/s-14 18[] B Out
+ Enhanced Load Response Characteristics Crs+ s 1701 \N/i:
e Parallel-Operation Capability for Modular NCHle 164
E/A+[]7 15[] Gnd
Power Systems
, , . , , E/A-[]8 14[] A Out
« Differential Current-Sense Amplifier With Wide 9 10 11 12 13
A arari

Common-Mode Range

e Double-Pulse Suppression §° % - (%
e 500-mA (Peak) Totem-pole Outputs ©
e 1% Bandgap Reference J PACKAGE
e Undervoltage Lockout (TOP VIEW)
« Soft-Start Capability cLss Y s ] Shutdown
+ Shutdown Terminal Veer [l 2 15[] Vi
* 500-kHz Operation C/is-[] 3 14]] B Out
C/S+[] 4 13]] V,
E/A+[] 5 12[] Gnd
E/A-[] 6 11]] A Out
(1) Radiation tolerance is a typical value based upon initial device Comp [ ’ 10 ] Sync
qualification with dose rate = 10 mrad/sec. Radiation Lot C.[|s 9[l R,
Acceptance Testing is available - contact factory for details.

DESCRIPTION

The UC1846 control devices provide all of the necessary features to implement fixed frequency, current mode
control schemes while maintaining a minimum external parts count. The superior performance of this technique
can be measured in improved line regulation, enhanced load response characteristics, and a simpler,
easier-to-design control loop. Topological advantages include inherent pulse-by-pulse current limiting capability,
automatic symmetry correction for push-pull converters, and the ability to parallel “power modules" while
maintaining equal current sharing.

Protection circuitry includes built-in under-voltage lockout and programmable current limit in addition to soft start
capability. A shutdown function is also available which can initiate either a complete shutdown with automatic
restart or latch the supply off.

Other features include fully latched operation, double-pulse suppression, deadline adjust capability, a 1%
trimmed bandgap reference, and low outputs in the OFF state.

Q Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 2009, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.


http://focus.ti.com/docs/prod/folders/print/uc1846-sp.html
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ORDERING INFORMATION®
Ta PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
CDIP -1 5962-8680603VEA UC1846J-SP
—-55°C to 125°C
LCCC - FK 5962-8680603V2A UC1846FK-SP

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
web site at Www.ir.com.
(2) Package drawings, thermal data, and symbolization are available at [vww.fi.com/packagind.
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NOTE: Pin numbers shown are for the J package.
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ABSOLUTE MAXIMUM RATINGS®®
over operating free-air temperature range (unless otherwise noted)

Ve Supply voltage 40V
Collector supply voltage 40V
lo Output current, source or sink 500 mA
\ Analog input voltage (C/S-, C/S+, E/A+, E/A-, Shutdown) -0.3VitoVy
Reference output current -30 mA
Sync output current -5mA
Error amplifier output current -5 mA
Soft-start sink current 50 mA
Oscillator charging current 5 mA
o Ta=25°C 1000 mwW
Pp Power dissipation
Tc =25°C 2000 mw
Tstg Storage temperature range —65°C to 150°C
Tiead  Lead temperature (soldering, 10 seconds) 300°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 into, negative out of the specified terminal.

ELECTRICAL CHARACTERISTICS
Vin =15V, Ry = 10kQ, C;+ = 4.7 nF, T, = T; = -55°C to 125°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS | MIN  TYP MAX | UNIT

Reference Section

Output voltage T;=25°C,lp=1mA 5.04 5.10 5.16 \%

Line regulation Vin=8V1to40V 5 20| mVv

Load regulation I.=1mAto 10 mA 3 15| mVv

Temperature stability Over operating range 0.4 mV/°C

Total output variation Over line, load, and temperature(l) 5 5.2 Vv

Output noise voltage 10 Hz < f £ 10 kHz, T, = 25°C® 100 uv

Long-term stability T; = 125°C, 1000 hr 5 mV

Short-circuit output current Veep =0V -10 -45 mA
Oscillator Section

Initial accuracy T;=25°C 39 43 47| kHz

Voltage stability Vin=8V1to40V -1 2 %
Temperature stability Over operating range -1 %
Sync output high level 3.9 4.35 Vv
Sync output low level 2.3 25 Vv
Sync input high level Cr=0V 3.9 Vv
Sync input low level Cr=0V 25 \%
Sync input current Sync=525V,Cy=0V 1.3 1.5| mA
Error Amp Section
Input offset voltage 0.5 5/ mVv
Input bias current -1 06 A
Input offset current 40 250 nA
Common mode range Vin=8Vtod0V 0 Vin—2 \%
Open-loop voltage gain AVo=12Vto3V,Vey=2V 80 105 dB
Unity-gain bandwidth T, =25°c® 0.7 1 MHZ
CMRR Vem=0V1to38V, V=40V 75 100 dB

(1) Parameters ensured by design and/or characterization, if not production tested.
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ELECTRICAL CHARACTERISTICS (continued)
ViNn=15V, Ry = 10kQ, C; = 4.7 nF, T, = T; = -55°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
PSRR Viy=8Vto40V 80 105 dB
Output sink current Vp=-15mVto-5V,Comp=12V 2 6 mA
Output source current Vp=15mVto5V,Comp=25V -0.5 -0.4| mA
High-level output voltage R_ = (Comp) 15 kQ 4.3 4.6 Y
Low-level output voltage R_ = (Comp) 15 kQ 0.7 1 Y
Current Sense Amplifier Section
Amplifier gain Vgis- =0V, CIL SS open®©) 25 275 31| VIV
Maximum differential input signal CIL SS open®, R, (Comp)= 15 kQ 11 12 vV
(Vers+ — Verso)
Input offset voltage VgL ss = 0.5 V, Comp open® 5 25| mv
CMRR Vem=1Vto 12V 60 83 dB
PSRR ViN=8Vto40V 60 84 dB
Input bias current VgL ss = 0.5 V, Comp open® 10 =25 PA
Input offset current VgL ss = 0.5 V, Comp open® 0.08 1| pA
Input common-mode range Vin—3 \%
Delay to outputs Ty=25°C@® 200 500| ns
Current Limit Adjust Section
Current limit offset Veis- =0V, Vgig: = 0V, Comp open®) 0.45 0.5 055| V
Input bias current Vea+ = VRer, VEa-=0V -30 -10 HA
Shutdown Terminal Section
Threshold voltage 250 350 400| mVv
Input voltage range 0 VN \%
Minimum latching current (Ig/s ss)®© 3 15 mA
Maximum non-latching current (Ig/s sg) 15 0.8| mA
Delay to outputs Ty=25°C¥ 300 600| ns
Output Section
Collector-emitter voltage 40 \%
Collector leakage current Ve =40V 200| pA
Isink = 20 mA 0.1 04| V
Output low-level voltage
Isink = 100 mA 0.4 21| Vv
Output high-level voltage lsource = 20 mA 18 185 v
Isource = 100 mA 12 135 v
Rise time C_=1nF, T;=25°C® 50 300| ns
Fall time C =1nF, T;=25C® 50 300| ns
Undervoltage Lockout Section
Start-up threshold 7.7 8 \%
Threshold hysteresis 0.75 \Y
Total Standby Current
‘ Supply current 17 21| mA

(2) Parameter measured at trip point of latch with Vg/a+ = Vrer, VEa- =0 V.

(3) Amplifier gain defined as: G = AV¢omp/AVe/s+; Veris+ =010 1 V.

(4) Parameters ensured by design and/or characterization, if not production tested.
(5) Parameter measured at trip point of latch with Vg/a+ = Vrer, VEa- =0 V.

(6) Current into C/S SS required to latch circuit in shutdown state.

(7) Current into C/S SS assured not to latch circuit in shutdown state.
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APPLICATION INFORMATION
VREF
9 O
Comp r a Saz‘;}i?g; /\/\/
RT
7.5mA
" Osc |_| |_|
L :I:CT (Pin 10)
10 = = _.|
Output Deadtime (tq)
O sync
Output deadtime is determined by the external capacitor, CT, according to the formula: 1d (us) = 145CT (uf ) /D3 G
I = Oscillator discharge current at 25°C is typically 7.5. "RT (kQ)
For large values of RT:1d (us) = 145CT (uf ).
Oscillator frequency is approximated by the formula: fT (kHz) = 2.2 .
RT (kQ)«CT (uf)
Figure 1. Oscillator Circuit
VREF VREF
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7
Comp
ZF TiF S 0.5mA
Error Amplifier can source up to 0.5mA.
Figure 2. Error Amplifier Output Configuration
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Figure 3. Error Amplifier Gain and Phase vs Frequency
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Figure 4. Error Amplifier Open-Logic Gain vs Load Resistance
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Slaving allows parallel operation of two or more
units with equal current sharing.
Figure 5. Parallel Operation
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ISENSE x3

Comp

R2VREF _ 05
Peak Current (Is) is determined by the formula: IS = A1 +5R28
Figure 6. Pulse-by-Pulse Current Limiting
Copyright © 2009, Texas Instruments Incorporated Bubmit Documentation FeedbacK 7
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VREF
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Shutdown

— 350mV

Shutdown Without Auto-Restart
(Latched)

Current Limit
(Pin 1)
0.5v—- — —

0
Shutdown
(Pin 16)
ON

OFF I_I g

—1

PWM :

% < 0.8mA

VREF  3mA (Latched Off)

1 R1
If VRE1F < 0.8mA, the shutdown latch will commutate when | VFF'EF > 3mA, the device will
Iss = 0.8mA and a restart cycle will be initiated. latch off until power is recycled.
Figure 7. Soft-Start and Shutdown/Restart Functions
Is |
R |
—AAN\N— 3
I
O }
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‘]
M
Y

A small RC filter may be required in some applications to reduce switch transients.

Differential input allows remote, noise free sensing.

Figure 8. Current-Sense Amplifier Connection
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Timing Resistor
Freq. Set &
Max Duty Cycls Rt O /- 9 21—y O VRer (+5V Output)
T O.1pF
150k S 10kS 1.8k = +12
Sawtooth 15 i OVIN (+12V)
= = = “T>O.1uF
/\ Timing =i
Cap CTO—e /-. 8 10 O Sync
+5V
5V
’ 2N222 LIO LI ii 7nF 16 2k
= = = 0.1 Shutdown
| sENsE o ucigas | —— 1
Adjust kS < 4
(=1V PK) (g =
Comp OT 7 13— e e (+12V)
= T 1uF
— Out A —| |—
()—I— 6 14 *
Duty Cycle T 150Q —¢
Adjust AYA%AY »
Out B
1 * O
+5V Non + T 150Q o
1k S AN -
400Q Inv Gnd * ¢
| 12— O
Current Limit = T J{
Adjust 1k =
10 Turn = <L - 1 3 Ols+
0.1uF Ground f
— T IL Adj round lor
= — I Normal Operation
-Bypass Caps Should Be Low ESR & ESL Type
-Short Pins 6 & 7 for Unity Gain Testing

Figure 9. Open-Loop Test Circuit
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty

5962-8680601V2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type

5962-8680601VEA ACTIVE CDIP J 16 1 TBD A42 N/ A for Pkg Type

5962-8680603V2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type

5962-8680603VEA ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type

O 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

®) MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

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 TI 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 TI
to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF UC1846-SP :
o Catalog: UC1846
e Enhanced Product: UC1846-EP

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
o Enhanced Product - Supports Defense, Aerospace and Medical Applications

Addendum-Page 1
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MECHANICAL DATA

MLCCO006B — OCTOBER 1996

FK (S-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
NO. OF A B
z 18 17 16 15 14 13 12 TERMINALS
s o MIN MAX MIN MAX
4 N
19 1 20 0342 | 0358 | 0307 | 0.358
(8,69) | (9,09 | (7,80) | (9,09)
20 10 - 0.442 | 0458 | 0.406 0.458
) o (11,23) | (11,63) | (10,31) | (11,63)
B SQ " 0.640 | 0.660 | 0.495 | 0.560
22 8 (16,26) | (16,76) | (12,58) | (14,22)
A SQ
23 7 - 0739 | 0761 | 0.495 | 0.560
(18,78) | (19,32) | (12,58) | (14,22)
24 6 66 0938 | 0962 | 0850 | 0.858
- s (23,83) | (24,43) | (21.6) | (21.8)
\ / " 1.141 1.165 1.047 1.063
Y N e~ 28.99) | (2959) | (26,6) | (27.0)

26 27 28 1 2 3 4

0020 (051) _f o 0.080 (2,03)
0.010 (0,25) «— 0.064 (1,63)
£ 0020051 A
0.010 (0,25)
0.055 (1,40)
0.045 (1,14)
0.045 (1,14)
, 0.035 (0,89) _
L 2
0.028 (0,71) 4" L* | 0.045(1,14)
0.022 (0,54) 0.035 (0,89)

0.050 (1,27)

4040140/D 10/96

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.

E

Falls within JEDEC MS-004
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J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS *x

ol 14 16 18 20
B 0.300 0.300 0.300 0.300
762) | (762 | (7.62) | (7.62)

14 8 BSC BSC BSC BSC
alaiaialaialia B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)

D C B MIN — | — | — | —
l C A 0.300 | 0.300 | 0.310 | 0.300
VIVAVAVIVEVEY (7,62) | (7,62) | (7.87) | (7,62)
1J L 7 0.245 | 0.245 | 0220 | 0.245

0.065 (1,65) C MN : : : :
0015 (174 (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52
—» |e— 0.005 (0,13) MIN Wﬁ% |<— —»‘

— 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J L7 026 (0,66)
0.014 (o 36) 015"
[0.100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D

E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps
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