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ABSTRACT

Battery Energy Storage System (BESS) is used in Microgrid for emergency energy
reservation. The objective of this study is to improve power quality of the microgrid
using BESS in order to maintain system stability, and to mitigate frequency fluctuation
due to intermittence nature of renewable energy resource in the microgrid.  The
frequency suppression is achieved by controlling the output power of BESS in
accordant with the power fluctuation part of the renewable energy resource. In this
thesis, the design and simulation of the BESS control system are carried out using PSIM.
The design parameters are implemented in the laboratory demonstration microgrid

and the validation of the control system is confirmed by the experimental results.
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Abstract

Battery Energy Storage System (BESS) is used in
Microgrid for emergency energy reservation. The
objective of this study is to improve power quality of the
microgrid using BESS in order to maintain system
stability, and to mitigate frequency fluctuation due to
intermittence nature of renewable energy resource in
the microgrid.  The frequency suppression is achieved
by controlling the output power of BESS in accordant
with the power fluctuation part of the renewable energy
resource. In this thesis, the design and simulation of the
BESS control system are carried out using PSIM. The
design parameters are implemented in the laboratory
demonstration microgrid and the validation of the

control system is confirmed by the experimental results.
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b\ Battery Energy Storage System
MEIREN for Microgrid

Siriluck Khot-in, Suparada Jarussaenprasert, Apiwat Muangsuwan and Dr. Sompob Polmai

Abstract Results
Battery Energy Storage System (BESS) is used in Microgrid for Figure 4 simulated voltage (left) and implemented voltage (right). BESS
emergency energy reservation. The objective of this study is to improve Power Injection and BESS Power Absorption are in the same manner.
power quality of the microgrid using BESS in order to maintain system Figure 5 BESS Power Injection mode, Figure 6 BESS Power Absorption
stability, and to mitigate frequency fluctuation due to intermittence nature mode: left is from simulations and right is from experiments.
of renewable energy resource in the microgrid. The frequency __DE Link Voltagd DC Link Voltage
o

suppression is achieved by controlling the output power of BESS in
accordant with the power fluctuation part of the renewable energy
resource. In this thesis, the design and simulation of the BESS control
system are carried out using PSIM. The design parameters are Microgrid Voltage/ s Aicrogrid Voltage
implemented in the laboratory demonstration microgrid and the validation BESS Output Voltage ”"—" Qutput Voltage
of the control system is confirmed by the experimental results. Fig. 4 BESS Voltage

Introduction _-Load Current Load Current

For years, electricity demand increases dramatically hence there’s a
need to generate electricity to meet such demand. However the border of Microgrid Current
power generation is limited for example, global warming crisis. So that BESS Output Current
modern trend tends to be environmentally conservative and renewable Fig. 5 BESS Power Injection Mode
energy becomes popular in modemity. The use of renewable energy
sources in Microgrid brings Microgrid a deviated frequency due to
generation ability of the sources, so that the existence of Battery Energy
Storage System (BESS) in Microgrid can suppress such the deviated
frequency and also be energy storage system for the Microgrid as well as

Microgrid Current
BESS Output Current

Mlcrfg’”d CurSH Load Current

\ /

Load Current =~

enlarge system stability. BESS Output Current Microgrid Current BESS Output Current
Me_thodology . Fig 6 BESS Power Absorption Mode
RS o condu&ion

Power converter of Battery Energy Storage System consists; a Nt ooy RN s i
Bidirectional DC-DC Converter, a DC-AC Converter, Control systems The study purposes an improvement of current quality of Battery Energy
and a LCL low pass filter. The study firstly demonstrates Battery Energy Storage System through simulations in PSIM and experiments with
Storage System in PSIM and then implements Battery Energy Storage demonstrated Microgrid in laboratory.

* The study implements in PSIM for simulating an optimum point of each
part. The result of PSIM simulations confirms the Battery Energy Storage
System current sinusoidally.

* The experiments with demonstrated Microgrid in laboratory show that the
result of connection between Battery Energy Storage System and
demonstrated Microgrid purposes a Battery Energy Storage System current
followmg the PSIM simulation.
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Frequency Deviation Suppression in a Stand-alone Microgrid,” Master of
Engineering, King Mongkut's Institute of Technology Ladkrabang, 2018.
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“Control of Battery Energy Storage
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System with demonstrated Microgrid in laboratory.

Fig. 3 Battery Energy Storage System and Demonstrated Microgrid
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM50RL1A120

FLAT-BASE TYPE
INSULATED PACKAGE

PM50RL1A120

FEATURE

Inverter + Brake + Drive & Protection IC

a) Adopting new 5th generation Full-Gate CSTBT™™ chip

b) The over-temperature protection which detects the chip sur-
face temperature of CSTBT™ is adopted.

c) Error output signal is possible from all each protection up-
per and lower arm of IPM.

d) Compatible L-series package.

IGBT type inverter

+ UL Recognized

3¢ 50A, 1200V Current-sense and temperature sense

Monolithic gate drive & protection logic
Detection, protection & status indication circuits for, short-
circuit, over-temperature & under-voltage (P-Fo available
from upper arm devices)

APPLICATION

General purpose inverter, servo drives and other motor controls

PACKAGE OUTLINES

g = ll..,[.njaavjj.'.J
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7 106

19.75 66.5 2-05.5

__(19.75) 3.25 16 16 16 | 1525 | MOUNTING HOLES
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Terminal code

Dimensions in mm
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E 1. VUPC 8. VWP1  15. Br
a 2. UFO 9. VWPC  16. UN
g 3. UP 10. WFO  17. VN
z 4. VUP1 11, WP 18. WN
& 5. VVPC 12, VWP1  19. Fo
a 6. VFO  13. VNC

7. VP 14, VN1
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM50RL1A120

FLAT-BASE TYPE
INSULATED PACKAGE

INTERNAL FUNCTIONS BLOCK DIAGRAM
We  Vwer Ve Vvp1 Up Vup1
Br Fo Ve WN Vi1 VN Un Vwec  WFo Vvrc  VFo Vurc _ UFo
......... [0 R @ e O Lt @ TSR g I o S SERNY . Sl Tt o el o R o Tt e Mo SNTRINY e DU o N o MV e SETE
1.5k
1.5k 1.5k 1.5k
| | H Is H | |
I | |
Gnd In Fo Vcc Gnd In Fo Vecec Gnd In Fo Vce Gnd In Fo Vce Gnd In Fo Vcc Gnd In Fo Vcc Gnd In Fo Vce
Gnd Si Out OT |[Gnd Si Out OT ||Gnd Si Out OT ||Gnd Si Out OT ||Gnd Si Out OT ||Gnd Si Out OT ||Gnd Si Out OT
P P
g
----------------------- O-.”........................................................._......._.O......--.--.--.---.-------..-0...----.....A..‘.............0..............-—-----------— S LL T TP i
B N W v u P
MAXIMUM RATINGS (Tj = 25°C, unless otherwise noted)
INVERTER PART
Symbol Parameter Condition Ratings Unit
VCES Collector-Emitter Voltage VD = 15V, VCIN = 15V 1200 v
pale Collector Current (C =~ 25°C (Note-1) 50 A
+lcp Collector Current (Peak) Tc=25°C 100 A
Pc Collector Dissipation G = 25°C (Note-1) 462 W
Tj Junction Temperature —20 ~ +150 °C
*: TC measurement point is just under the chip.
BRAKE PART
Symbol Parameter Condition Ratings Unit
VCES Collector-Emitter Voltage VD = 15V, VCIN = 15V 1200 vV
Ic Collector Current e = 25°C (Note-1) 25 A
lcp Collector Current (Peak) e =250 - 50 A
Pc Collector Dissipation TC ="2820 (Note-1) 320 W
IF FWDi Forward Current TG =26°C 25 A
VR(DC) FWDi Rated DC Reverse Voltage | Tc = 25°C 1200 \'
Tj Junction Temperature —20 ~ +150 °C
CONTROL PART
Symbol Parameter Condition Ratings Unit
Applied between : Vupr1-VupPc, VVP1-VVPC
VD 20 \Y
Sigply weliage VWP1-VWPC, VN1-VNC
Applied between : UP-VUPC, VP-VVPC, WP-VWPC
Vel 2 \
CIN Input Voltage R N BT 0
i : -Vupc, VFo-Vvpc, WFo-VwPC
VFO Fault Output Supply Voltage e ' W 20 v
Fo-VNC
IFO Fault Qutput Current Sink current at Uro, VFo, WFO, FO terminals 20 mA
May 2009
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM50RL1A120

FLAT-BASE TYPE
INSULATED PACKAGE

TOTAL SYSTEM

Symbol Parameter Condition Ratings Unit
Supply Voltage Protected by | VD=13.5 ~ 16.5V
VeGSR | g Inverter Part, Tj = +125°C Start a0 ¥
Vcc(surge) | Supply Voltage (Surge) Applied between : P-N, Surge value 1000 |
Tstg Storage Temperature —40 ~ +125 °C
Viso Isolation Voltage 60Hz, Sinusoidal, Charged part to Base, AC 1 min. 2500 Vrms
THERMAL RESISTANCES
| Condition Ll i
Symbo Parameter Min. Typ. Max. Unit
Rth(j-c)@ Inverter IGBT part (per 1 element) (Note-1) — — 0.27
Rth(j-c)F Junction to case Thermal Inverter FWDi part (per 1 element) (Note-1) — — 0.47
Rth(j-c)@ Resistances Brake IGBT part (Note-1) — — 0.39 “CIW
Rth(j-c)F Brake FWDi upper part (Note-1) & — 0.67
y Case to fin, (per 1 module)
Rih(c-f) Contact Thermal Resistance Thermal-graase hppiied (Note-1) — — 0.038
* If you use this value, Rih(f-a) should be measured just under the chips.
(Note-1) Tc (under the chip) measurement point is below. (unit : mm)
arm UP VP WP UN VN WN BR
axis IGBT | FWDi [ IGBT | FWDi | IGBT | FWDi | IGBT | FWDi | IGBT | FWDi | IGBT | FWDi | IGBT | Di
X 286 | 28,6 | 654 | 654 | 874 | 87.4 | 386 | 386 | 54.6 | 546 | 766 | 76.6 | 18.0 | 19.3
Y -84 | 02 | 84 | 02 | -84 | 0.2 68 |-18 [ 68 [-18 | 68 | —-18 | -89 | 5.0
o] B =] S =]
(o T L P )
el B Lfialell I Mt 11 S S
X
Bottom view
ELECTRICAL CHARACTERISTICS (Tj = 25°C, unless otherwise noted)
INVERTER PART
T Limits 2
Symbol Parameter Condition Yy oy Vx| Untt
T Collector-Emitter Saturation VD =15V, Ic = 50A Tj=25°C — 1.65 2.15
8 | Voltage VCIN = 0V, Pulsed (Fig. 1) [ Ti= 125°C — 185 | 2.35
VEC FWDi Forward Voltage -Ic = 50A, VD = 15V, VCIN = 15V (Fig. 2) — 2.3 3.3
ton _ $8i 0.3 0.8 2.0
S
te(on) Switching Time T'Cf1_2 e 4o — 0.4 1.0 us
ot Indt 1’5 Load Fig. 3,4) —— L o
to(of) nductive Loa (Fig. 3,4) — 0.4 )
— Collector-Emitter Cutoff T Vb = 15V Fi T =250 —_ —_ 1 A
Current R e (Flg-5) Ti=125°C — — 10 T
May 2009
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM50RL1A120

FLAT-BASE TYPE

INSULATED PACKAGE

BRAKE PART
o Limits
Condition ;
Symbol Parameter | Min. Typ. VoK. Unit
v . Collector-Emitter Saturation VD =15V, Ic = 25A Tj= 26°C . 1.65 2.15
CE(sal Voltage VCIN = 0V, Pulsed (Fig. 1) | Ti=125°C o 1.85 2.35
VEC FWDi Forward Voltage —lc = 25A, VCIN = 15V, VD = 15V (Fig. 2) — 2.3 3.3 \%
Collector-Emitter Cutoff : Tj=25°C —_ — 1
ICES — VCE = VCES, VD = 15V (Fig. 5) Ti=125C = = 70 mA
CONTROL PART
Symbol Paramet Condit Himits Unit
ymbo arameter e Min. Typ. Max. -
VN1- e
I Circuit Current VD = 15V, VOIN = 15V g g 16 1 ma
V+*P1-V*pPC - 2 4
Vth(ON) Input ON Threshold Voltage Applied between : Up-Vurc, VP-VvrPc, WP-VWPC 1.2 15 1.8 v
Vih(OFF) | Input OFF Threshold Voltage UN * VN * WN » Br-VNC T 2.0 2.3
g s 4 Inverter part 100 — —
Short C t —-20<Tj<125°C, VD= 15V . 3,6 A
sc ort Circuit Trip Level 0<Tj 5V (Fig ) &7ake part =5 = —
— Short Circuit Current Delay VD = 15V (Fig. 3,6) . b > _ us
Time
o1 Over Temperature Protection | Detect Temperature of IGBT chip h 44 Ievel. 1% — — G
OT(hys) Hysteresis —_ 20 —_
uv Supply.Clrcun Under-Voltage 20 <Tj < 125°C Trip level 11.5 12.0 12.5 v
UVr Protection Reset level — 12.5 =
IFGHH Fault Output Current VD =15V, VCIN = 15V (Note-2) — = g mA
IFO(L) — 10 15
Minimum Fault Output Pulse :
Vb= te-2 —_ ms
. Width D= 15V (Note2) | 10 | 18
(Note-2) Fault output is given only when the internal SC, OT & UV protections schemes of either upper or lower arm device operate to
protect it.
MECHANICAL RATINGS AND CHARACTERISTICS
oy Limits )
Symbol Parameter Condition Min. . Mk Unit
. Mounting 8 Ne Mo.untmg Part screw : M5 2.5 3.0 3.5 Nem
Main terminal part screw : M5 2.5 3.0 3.5 Nem
— Weight — — 380 —_ g
RECOMMENDED CONDITIONS FOR USE
Symbol Parameter Condition Recommended value Unit
Vee Supply Voltage Applied across P-N terminals < 800 \
Applied between : Vup1-VupPc, VVP1-VVPC
+
Vb Control Supply Voltage VWR1-VWPE, VNT-VNG (Note-3) 15.0£1.5 \
VeiN©oN) | Input ON Voltage Applied between : Up-Vupc, VP-VVPC, WP-VWPC <0.8 v
VCIN(OFF) | Input OFF Voltage UN e VN WN e Br-VNC >9.0
frwm PWM Input Frequency Using Application Circuit of Fig. 8 <20 kHz
Arm Shoot-tl Blockin
tdead ﬂ:ne Gathreegh g For IPM’s each input signals (Fig. 7) 225 us
(Note-3) With ripple satisfying the following conditions: dv/dt swing < +5V/us, Variation < 2V peak to peak
L /<E5Vius
Vo A
) .
15V
/
GND
May 2009
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM50RL1A120

FLAT-BASE TYPE

INSULATED PACKAGE

PRECAUTIONS FOR TESTING

1. Before applying any control supply voltage (Vb), the input terminals should be pulled up by resistors, etc. to their corre-

sponding supply voltage and each input signal should be kept off state.
After this, the specified ON and OFF level setting for each input signal should be done.

2. When performing “SC" tests, the turn-off surge voltage spike at the corresponding protection operation should not be al-

lowed to rise above VCES rating of the device.
(These test should not be done by using a curve tracer or its equivalent.)

P, (U,V,W,B) P, (UV,W,B)

Vo (all) UV,W,B, (N)
Fig. 2 Vec,(Vrm) Test

Vo (all)
Fig. 1 Vcesay Test

a) Lower Arm Switching

- 3 Fo L] v
Ve Signal input i —s cE
(15V) (Upper Arm) uvw Tavk i
e o PENE \\N (D AT
Signal input  []Fe L
Vem (Lower Arm)
.
N ']
- Vo (al) T 109
b) Upper Arm Switching w5 R 10% 10% 7
P te{on) { tefoff);
Signal input by T ) -
ignal inpul
v (Upper Arm) uvw Vo I
Cs o= 7 Vee td(on) tr td(off) i
Ve | signatinput [|™ o I 1 i
(V) T (Lower Arm) = {ton = td(on) + tr) (toff = td(off) + t)
Oy
Vo (all) e

Fig. 3 Switching Time and SC Test Circuit Fig. 4 Switching Time Test Waveform

Ve
Short Circuit Current

P, (UV.WB)

Constant Current

SC Trip

IN
Ve o

(15V)

U.vV,WB, (N) Fo

Vo (al)

-
Fig. 5 Ices Test 10ff(SC)

IPM" input signal Vem
(Upper Arm)

IPM' input signal Voin
(Lower Arm) 24
[ 1] ERTRSP— | 5. S . t
tuead

1.5V: Input on threshold voltage Vth(on) typical value, 2V: Input off threshold voltage Vth(off) typical value

Fig. 7 Dead time measurement point example
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PM50RL1A120

FLAT-BASE TYPE
INSULATED PACKAGE

5T I e
20k =210p 1 VUP1 5 4 O
! - : upP ¢ ¢—{Veo oT[ ¥ * :
J_" . i UFo 5.)‘1\’5\; = | ouT| ! .
VD I F: = : up g Si : == =r
:j L A | =
I : == | vupcy n (v
s ———— o GND GND : &
el VVP1 ! ¥ }
[remEsmEmsssEmEe— A = OoT I
v
[T el T " e 1 :
VD i } ° s :
] I VFA In |
! | Iy
v
b e ; VPC? GND GND—é—9 o M
! 1
------------------ VWP1 ! oY i
'—(P—_t— Vee |
| | wro! 15k L OUT—] :
VD | : oy Fo. g :
i . WP i i
1 | vwpc] W
————————————————— I 9 GND GND * *— Q
i |
20k | |
é a | oT I
— I —V !
L?mu ! 1] “ out L i
IF e | -|_ Fo s |
UN 4 Y :
ks : L
- ! Al GNDGND| & { A 5
20.1p ! |
20k : oT[ ¥ !
- . i .
i =10p : i vee  qur x !
'FZ} 5> WN | ¥ | Folatieg |
ol L Y In |
1
5 E GND GND|—4 ! g
- |
20k VN1 L oty x !
= 9o —9 o Vee !
Lzton b 2 out x |
VD + IF I #-{Fo . i
D WN L 3 Si !
)i ¢ !
i ¢ GND GND b2 :B
20.1p VNC | o
o)
L AT : #vee OS::: !
IF | Fo . |
Bré o Si }
I I
1
-TE j GND GND : !
5V 1t { Fo kNS :
i SN WA ) B, i

Fig. 8 Application Example Circuit

NOTES FOR STABLE AND SAFE OPERATION ;

®Design the PCB pattern to minimize wiring length between opto-coupler and IPM's input terminal, and also to minimize the
stray capacity between the input and output wirings of opto-coupler.

® Connect low impedance capacitor between the Vcc and GND terminal of each fast switching opto-coupler.

® Fast switching opto-couplers: tPLH, tPHL < 0.8ps, Use High CMR type.

® Slow switching opto-coupler: CTR > 100%

®Use 4 isolated control power supplies (VD). Also, care should be taken to minimize the instantaneous voltage charge of the
power supply.

®Make inductance of DC bus line as small as possible, and minimize surge voltage using snubber capacitor between P and N
terminal.

®Use line noise filter capacitor (ex. 4.7nF) between each input AC line and ground to reject common-mode noise from AC line
and improve noise immunity of the system.

May 2009
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PM50RL1A120

FLAT-BASE TYPE
INSULATED PACKAGE

PERFORMANCE CURVES
(Inverter Part)

OUTPUT CHARACTERISTICS
(TYPICAL)

[ e Y
_ 5 Vb = 17V.
< &0
o 7
E 50
& / 13V
T w
5 /
o /
o 30
o]
-
S 20
=2
o]
S 10 /,

i _

0 05 10 15 2.0

COLLECTOR-EMITTER VOLTAGE VcE (V)

COLLECTOR-EMITTER SATURATION
VOLTAGE (VS. Vp) CHARACTERISTICS

(TYPICAL)
= 24
3
co 22
E= o
Sg
=3 i & e, = a
u:l: 1.8
oo
5> 16
Lg
5‘5 1.4
Og Ic = 50A
& 12 —Ti=25°C
< - = T 12558
1.0 FI

2 13 14 D7 " 16 w1 18

CONTROL POWER SUPPLY VOLTAGE Vb (V)

SWITCHING TIME (ton, toff) CHARACTERISTICS

(TYPICAL)
101 s
2 Vcc =600V _| |
> 5 VD =15V
= 4 — Tj=25°C
5 3 ---Tj=125°C
oo e Inductive load
£ 2 RN
w SRt
= 100 oz
= ¥ —— ]
g
=z 5 ton{
5 4
= 3
5
10-!

100 2 3 45 7101 2 3 45 7102

COLLECTOR CURRENT Ic (A)

COLLEGTOR-EMITTER
SATURATION VOLTAGE Voesay (V)

COLLECTOR RECOVERY CURRENT -Ic (A)

COLLECTOR-EMITTER SATURATION
VOLTAGE (VS. Ic) CHARACTERISTICS

(TYPICAL)
25 .
VD = 15V
2.0 —t=
5 T
3 J ”, L
1.0 —4
i
L
.l"
0.5
— Tj=25°C |
=== Tj=125°C
0 L Il L

0 10 20 30 40 50 60 70

COLLECTOR CURRENT Ic (A)

DIODE FORWARD CHARACTERISTICS

(TYPICAL)
102 T
S| vo=15v
rs
e
g 7,
3 == d
MU
2 7
3 /
101 ‘.’
(Eam
4 i/t
3
{ERE l
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM50RL1A120

FLAT-BASE TYPE
INSULATED PACKAGE
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM50RL1A120

FLAT-BASE TYPE
INSULATED PACKAGE
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j TEXAS TMS320F28335, TMS320F28334, TMS320F28333, TMS320F28332
INSTRUMENTS TMS320F28235, TMS320F28234, TMS320F28232

SPRS439N - JUNE 2007 —-REVISED OCTOBER 2016

TMS320F2833x, TMS320F2823x Digital Signal Controllers (DSCs)

1 Device Overview

1.1 Features

High-Performance Static CMOS Technology » Enhanced Control Peripherals

— Up to 150 MHz (6.67-ns Cycle Time)
- 1.9-V/1.8-V Core, 3.3-V /O Design
High-Performance 32-Bit CPU (TMS320C28x)
— |EEE 754 Single-Precision Floating-Point Unit
(FPU) (F2833x Only)
— 16 x 16 and 32 x 32 MAC Operations
— 16 x 16 Dual MAC
— Harvard Bus Architecture
— Fast Interrupt Response and Processing
— Unified Memory Programming Model
— Code-Efficient (in C/C++ and Assembly)
Six-Channel DMA Controller (for ADC, McBSP,
ePWM, XINTF, and SARAM)
16-Bit or 32-Bit External Interface (XINTF)
- More Than 2M x 16 Address Reach
On-Chip Memaory
— F28335, F28333, F28235:
256K x 16 Flash, 34K x 16 SARAM

— F28334, F28234:
128K x 16 Flash, 34K x 16 SARAM

- F28332, F28232;
64K x 16 Flash, 26K x 16 SARAM

~ 1K x 16 OTP ROM
Boot ROM (8K x 16)

— With Software Boot Modes (Through SCI, SPI,
CAN, 12C, McBSP, XINTF, and Parallel I/O)

— Standard Math Tables
Clock and System Control
— On-Chip Oscillator

— Watchdog Timer Module

GPIOO0 to GPIO63 Pins Can Be Connected to One
of the Eight External Core Interrupts

Peripheral Interrupt Expansion (PIE) Block That
Supports All 58 Peripheral Interrupts

128-Bit Security Key/Lock
— Protects Flash/OTP/RAM Blocks
— Prevents Firmware Reverse Engineering

— Up to 18 PWM OQutputs

- Up to 6 HRPWM QOutputs With 150 ps MEP
Resolution

— Up to 6 Event Capture Inputs

— Up to 2 Quadrature Encoder Interfaces

— Up to 8 32-Bit Timers
(6 for eCAPs and 2 for eQEPs)

- Up to 9 16-Bit Timers
(6 for ePWMs and 3 XINTCTRs)

Three 32-Bit CPU Timers

Serial Port Peripherals

Up to 2 CAN Modules

Up to 3 SCI (UART) Modules

Up to 2 McBSP Modules (Configurable as SPI)
— One SPI Module

One Inter-Integrated Circuit (12C) Bus

12-Bit ADC, 16 Channels

— 80-ns Conversion Rate

2 x 8 Channel Input Multiplexer

Two Sample-and-Hold

Single/Simultaneous Conversions

Internal or External Reference

Up to 88 Individually Programmable, Multiplexed
GPIO Pins With Input Filtering

JTAG Boundary Scan Support

— |IEEE Standard 1149.1-1990 Standard Test
Access Port and Boundary Scan Architecture

Advanced Emulation Features

— Analysis and Breakpoint Functions

— Real-Time Debug Using Hardware

Development Support Includes

— ANSI C/C++ Compiler/Assembler/Linker

— Code Composer Studio™ IDE

— DSP/BIOS™ and SYS/BIOS

— Digital Motor Control and Digital Power Software
Libraries

A

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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Low-Power Modes and Power Savings * Temperature Options:
— IDLE, STANDBY, HALT Modes Supported — A: —40°C to 85°C (PGF, ZHH, ZJZ)
— Disable Individual Peripheral Clocks — S: 40°C to 125°C (PTP, ZJZ)
« Endianness: Little Endian - Q:-40°C to 125°C (PTP, 2J2)
+ Package Options: (AEC Q100 Qualification for Automotive
— Lead-free, Green Packaging Applications)
— Plastic Ball Grid Array (BGA) (ZJZ)
— MicroStar BGA™ (ZHH)
— Low-Profile Quad Flatpack (LQFP) (PGF)
— Thermally Enhanced Low-Profile Quad Flatpack
(HLQFP) (PTP)
1.2 Applications
* Industrial AC Inverter Drives * Uninterruptible and Server Power Supplies
+ Industrial Servo Amplifiers and Controllers *  Telecom Equipment Power
+  Computer Numerical Control (CNC) Machining + Solar Inverters
2 Device Overview Copyright © 2007-2016, Texas Instruments Incorporated
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5 Specifications

This section provides the absolute maximum ratings and the recommended operating conditions.

5.1 Absolute Maximum Ratings("®?
Unless otherwise noted, the list of absolute maximum ratings are specified over operating temperature ranges.

MIN MAX UNIT
Voo, VopaveL With respect to Vgg -0.3 4.6
Vopaz, Vopaio With respect to Vgga -0.3 4.6
Supply voltage Vpp with respect to Vgg -0.3 25 v
Vbp1ats, Vopzats With respect to Vggp -0.3 2.5
\.\ulr?tﬁAr?és\;/Jséi:??é \\//zsémcnm Vss2AGND 03 0.3
Input voltage Vin =0.3 4.6 V
Output voltage Vo -0.3 4.6 \
Input clamp current I (Vin < 0 or Viy > Vppio)® -20 20 mA
Output clamp current lok (Mo < 0 or Vg > Vppio) =20 20 mA
A version 4 —40 85
Operating ambient temperature, Ty S version —40 125 °C
Q version —40 125
Junction temperature T, —40 150 °C
Storage temperature Toge -65 150 o,

(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 Section 5.4 is not implied.
Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to Vgg, unless otherwise noted.

(3) Continuous clamp current per pin is £2 mA. This includes the analog inputs which have an internal clamping circuit that clamps the
voltage to a diode drop above Vppas or below Vggao.

(4) One or both of the following conditions may result in a reduction of overall device life:

* long-term high-temperature storage
+ extended use at maximum temperature

For additional information, see Semiconductor and IC Package Thermal Metrics.

Copyright © 2007-2016, Texas Instruments Incorporated
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5.4 Recommended Operating Conditions

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

MIN NOM MAX | UNIT
Device supply voltage, I/O, Vppio 3.135 3.3 3.465 V
) Device operation @ 150 MHz 1.805 1.9 1.995
Device supply voltage CPU, Vpp = - A
Device operation @ 100 MHz 101 1.8 1.89
Supply ground. Vss, VSSlov VSSAlO-
0 \Y
Vssaz: VssianD: Vsszagnp
ADC supply voltage (3.3 V), 3135 33 3.465 v
Vbpaz: Vbpalo
ADC supply voltage, Device operation @ 150 MHz 1.805 1.9 1.995 v
Voo1ate: Vopzats Device operation @ 100 MHz 1.71 1.8 1.89
Flash supply voltage, VppayrL 3135 3.3 3.465 A"
Device CIOCk frequency (System clock)' F283351’F28334’F28235]’F28234 2 150 MHz
fsyscLkout F28333/F28332/F28232 2 100
All inputs except X1 2 V
High-level input voltage, Vi - E DOIO V
X1 0.7 *Vpp — 0.05 Vpp
i All inputs except X1 0.8
Low-level input voltage, V. vV
X1 0.3 *Vpp + 0.05
High-level output source current, All I/Os except Group 2 ] (S
VOH =24 V, IOH GTDUP 2(1) -8
Low-level output sink current, Alll/Os except Group 2 4 _—
VoL = VoL MAX, I Group 2" 8
A version —40 85
Ambient temperature, Ty S version -40 125 °C
Q version -40 125
Junction temperature, T, 125 °C

(1) Group 2 pins are as follows: GP1028, GPI029, GPI030, GPI031, TDO, XCLKOUT, EMUO, EMU1, XINTF pins, GP1035-87, XRD.

Copyright © 2007-20186, Texas Instruments Incorporated
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