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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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The core does not support a multi-stage instruction
pipeline. However, a single stage instruction prefetch
mechanism is used, which accesses and partially
decodes instructions a cycle ahead of execution, in
order to maximize available execution time. Most
instructions execute in a single cycle with certain
exceptions.

The core features a vectored exception processing
structure for traps and interrupts, with 62 independent
vectors. The exceptions consist of up to 8 traps (of
which 4 are reserved) and 54 interrupts. Each interrupt
is prioritized based on a user-assigned priority between
1 and 7 (1 being the lowest priority and 7 being the
highest), in conjunction with a predetermined �natural
order�. Traps have fixed priorities ranging from 8 to 15.

2.2 Programmer�s Model

The programmer�s model is shown in Figure 2-1 and
consists of 16 x 16-bit working registers (W0 through
W15), 2 x 40-bit accumulators (ACCA and ACCB),
STATUS register (SR), Data Table Page register
(TBLPAG), Program Space Visibility Page register
(PSVPAG), DO and REPEAT registers (DOSTART,
DOEND, DCOUNT and RCOUNT) and Program Coun-
ter (PC). The working registers can act as data,
address or offset registers. All registers are memory
mapped. W0 acts as the W register for file register
addressing.

Some of these registers have a shadow register asso-
ciated with each of them, as shown in Figure 2-1. The
shadow register is used as a temporary holding register
and can transfer its contents to or from its host register
upon the occurrence of an event. None of the shadow
registers are accessible directly. The following rules
apply for transfer of registers into and out of shadows.

� PUSH.S and POP.S 
W0, W1, W2, W3, SR (DC, N, OV, Z and C bits 
only) are transferred.

� DO instruction 
DOSTART, DOEND, DCOUNT shadows are 
pushed on loop start, and popped on loop end.

When a byte operation is performed on a working reg-
ister, only the Least Significant Byte (LSB) of the target
register is affected. However, a benefit of memory
mapped working registers is that both the Least and
Most Significant Bytes can be manipulated through
byte wide data memory space accesses.

2.2.1 SOFTWARE STACK POINTER/ 
FRAME POINTER

The dsPICfi  DSC devices contain a software stack.
W15 is the dedicated software Stack Pointer (SP), and
will be automatically modified by exception processing
and subroutine calls and returns. However, W15 can be
referenced by any instruction in the same manner as all
other W registers. This simplifies the reading, writing
and manipulation of the Stack Pointer (e.g., 
creating stack frames).

W15 is initialized to 0x0800 during a Reset. The user
may reprogram the SP during initialization to any
location within data space.

W14 has been dedicated as a Stack Frame Pointer as
defined by the LNK and ULNK instructions. However,
W14 can be referenced by any instruction in the same
manner as all other W registers.

2.2.2 STATUS REGISTER
The dsPIC DSC core has a 16-bit STATUS register
(SR), the LSB of which is referred to as the SR Low
byte (SRL) and the Most Significant Byte (MSB) as the
SR High byte (SRH). See Figure 2-1 for SR layout.

SRL contains all the MCU ALU operation status flags
(including the Z bit), as well as the CPU Interrupt Prior-
ity Level status bits, IPL<2:0> and the Repeat Active
status bit, RA. During exception processing, SRL is
concatenated with the MSB of the PC to form a com-
plete word value which is then stacked.

The upper byte of the STATUS register contains the
DSP Adder/Subtracter status bits, the DO Loop Active
bit (DA) and the Digit Carry (DC) status bit.

2.2.3 PROGRAM COUNTER
The Program Counter is 23-bits wide; bit 0 is always
clear. Therefore, the PC can address up to 4M
instruction words.

Note: In order to protect against misaligned
stack accesses, W15<0> is always clear.
DS70143E-page 18 �  2011 Microchip Technology Inc.
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The SA and SB bits are modified each time data
passes through the adder/subtracter but can only be
cleared by the user. When set, they indicate that the
accumulator has overflowed its maximum range (bit 31
for 32-bit saturation, or bit 39 for 40-bit saturation) and
will be saturated (if saturation is enabled). When satu-
ration is not enabled, SA and SB default to bit 39 over-
flow and thus indicate that a catastrophic overflow has
occurred. If the COVTE bit in the INTCON1 register is
�  2011 Microchip Technology Inc. DS70143E-page 23
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3.2 Data Address Space

The core has two data spaces. The data spaces can be
considered either separate (for some DSP instruc-
tions), or as one unified linear address range (for MCU
instructions). The data spaces are accessed using two
Address Generation Units (AGUs) and separate data
paths.

3.2.1 DATA SPACE MEMORY MAP
The data space memory is split into two blocks, X and
Y data space. A key element of this architecture is that
Y space is a subset of X space, and is fully contained
within X space. In order to provide an apparent linear
addressing space, X and Y spaces have contiguous
addresses.

When executing any instruction other than one of the
MAC class of instructions, the X block consists of the 64
Kbyte data address space (including all Y addresses).
When executing one of the MAC class of instructions,
the X block consists of the 64 Kbyte data address
space excluding the Y address block (for data reads
only). In other words, all other instructions regard the
entire data memory as one composite address space.
The MAC class instructions extract the Y address space
from data space and address it using EAs sourced from
W10 and W11. The remaining X data space is
addressed using W8 and W9. Both address spaces are
concurrently accessed only with the MAC class
instructions.

The data space memory maps are shown in Figure 3-8
and Figure 3-9. 

3.2.2 DATA SPACES
The X data space is used by all instructions and su
ports all Addressing modes. There are separate rea
and write data buses. The X read data bus is the retu
data path for all instructions that view data space a
combined X and Y address space. It is also the 
address space data path for the dual operand rea
instructions (MAC class). The X write data bus is th
only write path to data space for all instructions.

The X data space also supports Modulo Addressing f
all instructions, subject to addressing mode restri
tions. Bit-Reversed Addressing is only supported f
writes to X data space.

The Y data space is used in concert with the X da
space by the MAC class of instructions (CLR, ED, EDA
MAC, MOVSAC, MPY, MPY.N and MSC) to provide tw
concurrent data read paths. No writes occur across th
Y bus. This class of instructions dedicates two W re
ister pointers, W10 and W11, to always address Y da
space, independent of X data space, whereas W8 an
W9 always address X data space. Note that durin
accumulator write back, the data address space is co
sidered a combination of X and Y data spaces, so th
write occurs across the X bus. Consequently, the wri
can be to any address in the entire data space.

The Y data space can only be used for the da
prefetch operation associated with the MAC class 
instructions. It also supports Modulo Addressing f
automated circular buffers. Of course, all other instru
tions can access the Y data address space through th
X data path as part of the composite linear space.

The boundary between the X and Y data spaces 
defined as shown in Figure 3-7 and Figure 3-8 and 
not user programmable. Should an EA point to da
outside its own assigned address space, or to a loc
tion outside physical memory, an all zero word/byte w
be returned. For example, although Y address space
visible by all non-MAC instructions using any addres
ing mode, an attempt by a MAC instruction to fetch da
from that space using W8 or W9 (X space pointers) w
return 0x0000.
�  2011 Microchip Technology Inc. DS70143E-page 31
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5.2 Reset Sequence

A Reset is not a true exception, because the interrupt
controller is not involved in the Reset process. The pro-
cessor initializes its registers in response to a Reset
which forces the PC to zero. The processor then begins
program execution at location 0x000000. A GOTO
instruction is stored in the first program memory loca-
tion immediately followed by the address target for the
GOTO instruction. The processor executes the GOTO to
the specified address and then begins operation at the
specified target (start) address.

5.2.1 RESET SOURCES
In addition to external Reset and Power-on Reset
(POR), there are 6 sources of error conditions which
�trap� to the Reset vector. 

� Watchdog Time-out:
The watchdog has timed out, indicating that the 
processor is no longer executing the correct flow 
of code.

� Uninitialized W Register Trap:
An attempt to use an uninitialized W register as 
an address pointer will cause a Reset.

� Illegal Instruction Trap:
Attempted execution of any unused opcodes will 
result in an illegal instruction trap. Note that a 
fetch of an illegal instruction does not result in an 
illegal instruction trap if that instruction is flushed 
prior to execution due to a flow change.

� Brown-out Reset (BOR):
A momentary dip in the power supply to the 
device has been detected which may result in 
malfunction.

� Trap Lockout:
Occurrence of multiple trap conditions 
simultaneously will cause a Reset.

� Software Reset Instruction

5.3 Traps

Traps can be considered as non-maskable interrupts
indicating a software or hardware error, which adhere
to a predefined priority, as shown in Table 5-1. They are
intended to provide the user a means to correct
erroneous operation during debug and when operating
within the application. 

Note that many of these trap conditions can only b
detected when they occur. Consequently, the questio
able instruction is allowed to complete prior to tra
exception processing. If the user chooses to recov
from the error, the result of the erroneous action th
caused the trap may have to be corrected.

There are 8 fixed priority levels for traps: level 8 throug
level 15, which implies that the IPL3 is always s
during processing of a trap.

If the user is not currently executing a trap, and he se
the IPL<3:0> bits to a value of �0111� (level 7), then 
interrupts are disabled but traps can still be processe

5.3.1 TRAP SOURCES
The following traps are provided with increasing prio
ity. However, since all traps can be nested, priority ha
little effect.

Math Error Trap:
The math error trap executes under the following fo
circumstances: 

� Should an attempt be made to divide by zero, the 
divide operation will be aborted on a cycle 
boundary and the trap taken. 

� If enabled, a math error trap will be taken when an 
arithmetic operation on either accumulator A or B 
causes an overflow from bit 31 and the accumula-
tor guard bits are not utilized.

� If enabled, a math error trap will be taken when an 
arithmetic operation on either accumulator A or B 
causes a catastrophic overflow from bit 39 and all 
saturation is disabled.

� If the shift amount specified in a shift instruction is 
greater than the maximum allowed shift amount, a 
trap will occur.

Address Error Trap:
This trap is initiated when any of the followin
circumstances occurs:

� A misaligned data word access is attempted
� A data fetch from and unimplemented data 

memory location is attempted
� A data fetch from an unimplemented program 

memory location is attempted
� An instruction fetch from vector space is 

attemptedNote: If the user does not intend to take correc-
tive action in the event of a trap error con-
dition, these vectors must be loaded with
the address of a default handler that sim-
ply contains the RESET instruction. If, on
the other hand, one of the vectors contain-
ing an invalid address is called, an
address error trap is generated. 

Note: In the MAC class of instructions, wherein
the data space is split into X and Y data
space, unimplemented X space include
all of Y space, and unimplemented Y
space includes all of X space. 
�  2011 Microchip Technology Inc. DS70143E-page 47
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4 RTSP Operation

e dsPIC30F Flash program memory is organized
o rows and panels. Each row consists of 32 instruc-
ns or 96 bytes. Each panel consists of 128 rows or
 x 24 instructions. RTSP allows the user to erase one
 (32 instructions) at a time and to program four

tructions at one time. RTSP may be used to program
ltiple program memory panels, but the table pointer
st be changed at each panel boundary.

ch panel of program memory contains write latches
t hold 32 instructions of programming data. Prior to
 actual programming operation, the write data must

 loaded into the panel write latches. The data to be
grammed into the panel is loaded in sequential
er into the write latches: instruction 0, instruction 1,
. The instruction words loaded must always be from
roup of 32 boundary.

e basic sequence for RTSP programming is to set up
able pointer, then do a series of TBLWT instructions
load the write latches. Programming is performed by
tting the special bits in the NVMCON register. Four
LWTL and four TBLWTH instructions are required to
d the four instructions. If multiple panel program-

ng is required, the table pointer needs to be changed
d the next set of multiple write latches written.

 of the table write operations are single word writes
instruction cycles) because only the table latches
written. A programming cycle is required for

gramming each row.

e Flash program memory is readable, writable, and
sable during normal operation over the entire VDD
ge.

6.5 Control Registers

The four SFRs used to read and write the program
Flash memory are:

� NVMCON
� NVMADR
� NVMADRU
� NVMKEY

6.5.1 NVMCON REGISTER
The NVMCON register controls which blocks are to be
erased, which memory type is to be programmed and
start of the programming cycle.

6.5.2 NVMADR REGISTER
The NVMADR register is used to hold the lower two
bytes of the Effective Address. The NVMADR register
captures the EA<15:0> of the last table instruction that
has been executed and selects the row to write.

6.5.3 NVMADRU REGISTER
The NVMADRU register is used to hold the upper byte
of the Effective Address. The NVMADRU register cap-
tures the EA<23:16> of the last table instruction that
has been executed.

6.5.4 NVMKEY REGISTER
NVMKEY is a write only register that is used for write
protection. To start a programming or an erase
sequence, the user must consecutively write 0x55 and
0xAA to the NVMKEY register. Refer to Section 6.6
�Programming Operations�  for further details.

Note: The user can also directly write to the
NVMADR and NVMADRU registers to
specify a program memory address for
erasing or programming.
70143E-page 52 �  2011 Microchip Technology Inc.
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.3.8 SAMPLE CLOCK EDGE 
CONTROL BIT

e sample clock edge (CSCKE) control bit determines
 sampling edge for the CSCK signal. If the CSCK bit

cleared (default), data will be sampled on the falling
ge of the CSCK signal. The AC-Link protocols and
st Multi-Channel formats require that data be sam-
d on the falling edge of the CSCK signal. If the
CK bit is set, data will be sampled on the rising edge
CSCK. The I2S protocol requires that data be

mpled on the rising edge of the CSCK signal.

.3.9 DATA JUSTIFICATION 
CONTROL BIT

most applications, the data transfer begins one
CK cycle after the COFS signal is sampled active.
is is the default configuration of the DCI module. An
ernate data alignment can be selected by setting the
ST control bit in the DCICON1 SFR. When DJST = 1,
ta transfers will begin during the same CSCK cycle
en the COFS signal is sampled active.

.3.10 TRANSMIT SLOT ENABLE BITS
e TSCON SFR has control bits that are used to
able up to 16 time slots for transmission. These con-
l bits are the TSE<15:0> bits. The size of each time
t is determined by the WS<3:0> word size selection
s and can vary up to 16 bits.

 transmit time slot is enabled via one of the TSE bits
Ex = 1), the contents of the current transmit shadow

ffer location will be loaded into the CSDO Shift regis-
 and the DCI buffer control unit is incremented to
int to the next location. 

ring an unused transmit time slot, the CSDO pin will
ve �0�s or will be tri-stated during all disabled time
ts depending on the state of the CSDOM bit in the
ICON1 SFR. 

e data frame size in bits is determined by the chosen
ta word size and the number of data word elements
the frame. If the chosen frame size has less than 16
ments, the additional slot enable bits will have no
ect.

ch transmit data word is written to the 16-bit transmit
ffer as left justified data. If the selected word size is
s than 16 bits, then the LSbs of the transmit buffer
mory will have no effect on the transmitted data. The

er should write �0�s to the unused LSbs of each 
nsmit buffer location.

18.3.11 RECEIVE SLOT ENABLE BITS
The RSCON SFR contains control bits that are used to
enable up to 16 time slots for reception. These control
bits are the RSE<15:0> bits. The size of each receive
time slot is determined by the WS<3:0> word size
selection bits and can vary from 1 to 16 bits. 

If a receive time slot is enabled via one of the RSE bits
(RSEx = 1), the shift register contents will be written to
the current DCI receive shadow buffer location and the
buffer control unit will be incremented to point to the
next buffer location.

Data is not packed in the receive memory buffer loca-
tions if the selected word size is less than 16 bits. Each
received slot data word is stored in a separate 16-bit
buffer location. Data is always stored in a left justified
format in the receive memory buffer.

18.3.12 SLOT ENABLE BITS OPERATION 
WITH FRAME SYNC

The TSE and RSE control bits operate in concert with
the DCI frame sync generator. In the Master mode, a
COFS signal is generated whenever the frame sync
generator is reset. In the Slave mode, the frame sync
generator is reset whenever a COFS pulse is received.

The TSE and RSE control bits allow up to 16 consecu-
tive time slots to be enabled for transmit or receive.
After the last enabled time slot has been transmitted/
received, the DCI will stop buffering data until the next
occurring COFS pulse.

18.3.13 SYNCHRONOUS DATA 
TRANSFERS

The DCI buffer control unit will be incremented by one
word location whenever a given time slot has been
enabled for transmission or reception. In most cases,
data input and output transfers will be synchronized,
which means that a data sample is received for a given
channel at the same time a data sample is transmitted.
Therefore, the transmit and receive buffers will be filled
with equal amounts of data when a DCI interrupt is
generated.

In some cases, the amount of data transmitted and
received during a data frame may not be equal. As an
example, assume a two-word data frame is used. Fur-
thermore, assume that data is only received during
slot #0 but is transmitted during slot #0 and slot #1. In
this case, the buffer control unit counter would be incre-
mented twice during a data frame but only one receive
register location would be filled with data.
70143E-page 128 �  2011 Microchip Technology Inc.



dsPIC30F6011A/6012A/6013A/6014A

DS

18
Th
ca
sp
Th
DC
wa
loa

18
Th
CS
mi
the

If t
be
be
the

If t
du
tip
ch
co
sp
du

18
Dig
DL
DL
CS
CS

18
Wh
oc
(U
bit
the
loc
att
�sil
tra
Op
da
ov

18

Th
on
An
bu
tra
de
va
an
reg
.3.18 SLOT STATUS BITS
e SLOT<3:0> status bits in the DCISTAT SFR indi-
te the current active time slot. These bits will corre-
ond to the value of the frame sync generator counter.
e user may poll these status bits in software when a
I interrupt occurs to determine what time slot data
s last received and which time slot data should be
ded into the TXBUF registers. 

.3.19 CSDO MODE BIT
e CSDOM control bit controls the behavior of the
DO pin during unused transmit slots. A given trans-

t time slot is unused if it�s corresponding TSEx bit in
 TSCON SFR is cleared.

he CSDOM bit is cleared (default), the CSDO pin will
 low during unused time slot periods. This mode will
 used when there are only two devices attached to
 serial bus.

he CSDOM bit is set, the CSDO pin will be tri-stated
ring unused time slot periods. This mode allows mul-
le devices to share the same CSDO line in a multi-
annel application. Each device on the CSDO line is
nfigured so that it will only transmit data during
ecific time slots. No two devices will transmit data
ring the same time slot.

.3.20 DIGITAL LOOPBACK MODE
ital Loopback mode is enabled by setting the
OOP control bit in the DCICON1 SFR. When the
OOP bit is set, the module internally connects the
DO signal to CSDI. The actual data input on the
DI I/O pin will be ignored in Digital Loopback mode.

.3.21 UNDERFLOW MODE CONTROL BIT
en an underflow occurs, one of two actions may

cur depending on the state of the Underflow mode
NFM) control bit in the DCICON1 SFR. If the UNFM
 is cleared (default), the module will transmit �0�s on
 CSDO pin during the active time slot for the buffer
ation. In this Operating mode, the Codec device
ached to the DCI module will simply be fed digital
ence�. If the UNFM control bit is set, the module will
nsmit the last data written to the buffer location. This
erating mode permits the user to send continuous
ta to the Codec device without consuming CPU
erhead.

.4 DCI Module Interrupts

e frequency of DCI module interrupts is dependent
 the BLEN<1:0> control bits in the DCICON2 SFR.
 interrupt to the CPU is generated each time the set
ffer length has been reached and a shadow register
nsfer takes place. A shadow register transfer is
fined as the time when the previously written TXBUF
lues are transferred to the transmit shadow registers
d new received values in the receive shadow
isters are transferred into the RXBUF registers.

18.5 DCI Module Operation During CPU 
Sleep and Idle Modes

18.5.1 DCI MODULE OPERATION DURING 
CPU SLEEP MODE

The DCI module has the ability to operate while in
Sleep mode and wake the CPU when the CSCK signal
is supplied by an external device (CSCKD = 1). The
DCI module will generate an asynchronous interrupt
when a DCI buffer transfer has completed and the CPU
is in Sleep mode.

18.5.2 DCI MODULE OPERATION DURING 
CPU IDLE MODE

If the DCISIDL control bit is cleared (default), the mod-
ule will continue to operate normally even in Idle mode.
If the DCISIDL bit is set, the module will halt when Idle
mode is asserted.

18.6 AC-Link Mode Operation

The AC-Link protocol is a 256-bit frame with one 16-bit
data slot, followed by twelve 20-bit data slots. The DCI
module has two Operating modes for the AC-Link pro-
tocol. These Operating modes are selected by the
COFSM<1:0> control bits in the DCICON1 SFR. The
first AC-Link mode is called �16-bit AC-Link mode� and
is selected by setting COFSM<1:0> = 10 . The second
AC-Link mode is called �20-bit AC-Link mode� and is
selected by setting COFSM<1:0> = 11 .

18.6.1 16-BIT AC-LINK MODE
In the 16-bit AC-Link mode, data word lengths are
restricted to 16 bits. Note that this restriction only
affects the 20-bit data time slots of the AC-Link proto-
col. For received time slots, the incoming data is simply
truncated to 16 bits. For outgoing time slots, the 4 LSbs
of the data word are set to �0� by the module. This trun-
cation of the time slots limits the ADC and DAC data to
16 bits, but permits proper data alignment in the
TXBUF and RXBUF registers. Each RXBUF and
TXBUF register will contain one data time slot value.

18.6.2 20-BIT AC-LINK MODE
The 20-bit AC-Link mode allows all bits in the data time
slots to be transmitted and received but does not main-
tain data alignment in the TXBUF and RXBUF
registers.

The 20-bit AC-Link mode functions similar to the Multi-
Channel mode of the DCI module, except for the duty
cycle of the frame synchronization signal. The AC-Link
frame synchronization signal should remain high for 16
CSCK cycles and should be low for the following
240 cycles.
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FIGURE 23-8: TYPE A, B AND C TIMER EXTERNAL CLOCK TIMING CHARACTERISTICS      

      
TABLE 23-23: TYPE A TIMER (TIMER1) EXTERNAL CLOCK TIMING REQUIREMENTS (1)

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature -40°C  � TA � +85°C for Industrial  

-40° C � TA � +125°C for Extended 

Param
No. Symbol Characteristic Min Typ Max Units Conditions

TA10 TTXH TxCK High Time Synchronous,
no prescaler

0.5 TCY + 20 � � ns Must also meet 
parameter TA15

Synchronous,
with prescaler

10 � � ns

Asynchronous 10 � � ns
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dsPIC30F6011A/6012A/6013A/6014A
FIGURE 23-18: I2C™ BUS START/STOP BITS TIMING CHARACTERISTICS (MASTER MODE)   

FIGURE 23-19: I2C™ BUS DATA TIMING CHARACTERISTICS (MASTER MODE)   
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