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Understanding Embedded - DSP (Digital
Signal Processors)

Embedded - DSP (Digital Signal Processors) are specialized
microprocessors designed to perform complex
mathematical computations on digital signals in real-time.
Unlike general-purpose processors, DSPs are optimized for
high-speed numeric processing tasks, making them ideal
for applications that require efficient and precise
manipulation of digital data. These processors are
fundamental in converting and processing signals in
various forms, including audio, video, and communication
signals, ensuring that data is accurately interpreted and
utilized in embedded systems.

Applications of Embedded - DSP (Digital
Signal Processors)

The applications of Embedded - DSP (Digital Signal
Processors) are vast and diverse, reflecting their critical
role in modern technology. In telecommunications, DSPs
are essential for signal modulation and demodulation, error
detection and correction, and data compression. In the
consumer electronics sector, DSPs enhance audio and
video processing, providing high-quality sound and image
rendering in devices like smartphones, televisions, and
home theater systems. Automotive systems utilize DSPs
for advanced driver-assistance systems (ADAS),
infotainment, and engine management. Additionally,
industrial automation relies on DSPs for real-time control of
machinery and processes, while medical devices use them
for imaging and diagnostics, ensuring accurate and
efficient healthcare solutions.

Common Subcategories of Embedded - DSP
(Digital Signal Processors)

Embedded - DSP (Digital Signal Processors) can be
categorized into several common subcategories based on
their specific applications and performance characteristics.
General-purpose DSPs offer a versatile solution for a wide
range of signal processing tasks, providing balanced
performance and flexibility. High-performance DSPs are
designed for applications requiring significant
computational power and speed, such as real-time video
processing and advanced communication systems. Low-
power DSPs cater to battery-operated and portable
devices, ensuring energy-efficient operation without
compromising performance. Additionally, application-
specific DSPs are tailored for particular functions, such as
audio processing or motor control, offering optimized
performance for specific tasks.

Types of Embedded - DSP (Digital Signal
Processors)

There are various types of Embedded - DSP (Digital Signal
Processors), each suited to different needs and
applications. Fixed-point DSPs are designed for
applications where precision is critical but the range of
values is limited, such as audio processing. Floating-point
DSPs provide a broader range of values and greater
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ANALOG-TO-DIGITAL CONVERTER
Parameter Test Conditions Min Typ Max Unit

AC SPECIFICATIONS
SNR Signal to Noise Ratio fIN = 1.0 kHz 68 70 dB
SNRD Signal to Noise and Distortion fIN = 1.0 kHz 66 69 dB
THD Total Harmonic Distortion fIN = 1.0 kHz –76 –70 dB
CTLK Channel-Channel Crosstalk fIN = 1.0 kHz –89 –72 dB
CMRR Common-Mode Rejection Ratio –90 –72 dB
PSRR Power Supply Rejection Ratio 0.025 0.1 % FSR

ACCURACY
INL Integral Nonlinearity ±0.6 ±1.5 LSB
DNL Differential Nonlinearity ±0.5 ±1.0 LSB

No Missing Codes 12 Bits Guaranteed
Zero Error 0.1 0.25 % FSR
Gain Error1 0.4 1.0 % FSR

TEMPERATURE DRIFT
Zero Error 0.025 % FSR
Gain Error1 0.025 % FSR

INPUT VOLTAGE
VIN Voltage Span 4.0 V p-p
CIN Input Capacitance2 10 pF

CONVERSION TIME
tCONV Total Conversion Time All 8 Channels 1.88 µs

NOTES
1Excludes Internal Voltage Reference Error.
2Analog Input Pins VIN0 to VIN7.

Typical values are neither tested nor guaranteed.
Specifications subject to change without notice.

VOLTAGE REFERENCE
Parameter Test Conditions Min Typ Max Unit

VREF Output Voltage Reference SENSE = REFCOM 1.96 2.0 2.04 V
Output Voltage Tolerance1 SENSE = REFCOM 6 mV
Output Current 1.0 mA
Load Regulation 1.0 mA Load Current 0.3 1.5 mV
Power Supply Rejection Ratio 0.1 1.5 mV
Reference Input Resistance 8 kΩ

NOTES
1Relative tolerance due to temperature change, TMIN to TMAX.

Specifications subject to change without notice.

POWER-ON RESET
Parameter Test Conditions Min Typ Max Unit

VRST Reset Threshold Voltage 3.25 4.0 V
VHYST Hysteresis Voltage 75 mV

Specifications subject to change without notice.

(VDD = AVDD = 5 V � 5%, GND = AGND = 0 V, TAMB = –40�C to +85�C, CLKIN = 13 MHz,
VIN0 to VIN7 = 4.0 V p-p, VREF = 2.0 V, unless otherwise noted)

(VDD = AVDD = 5 V � 5%, GND = AGND = 0 V, TAMB = –40�C to +85�C, CLKIN = 13 MHz, VIN0 to VIN7 =
4.0 V p-p, VREF = 2.0 V, unless otherwise noted)

(GND = AGND = 0 V, TAMB = –40�C to +85�C, CLKIN = 13 MHz, unless otherwise noted)
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ABSOLUTE MAXIMUM RATINGS*
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . –0.3 V to +7 V
Input Voltage  . . . . . . . . . . . . . . . . . . . . . –0.3 V to VDD + 0.3 V
Output Voltage Swing  . . . . . . . . . . . . . . –0.3 V to VDD + 0.3 V
Operating Temperature Range (Ambient)  . . . . –40°C to +85°C
Storage Temperature Range  . . . . . . . . . . . . . –65°C to +150°C
Lead Temperature (5 sec)  . . . . . . . . . . . . . . . . . . . . . . +280°C
*Stresses above those listed under absolute maximum ratings may cause permanent

damage to the device. These are stresses only; functional operation of the device
at these or any other conditions above those indicated in the operational section of
this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the ADMC401 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high-energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

WARNING!

ESD SENSITIVE DEVICE

ORDERING GUIDE

Temperature Instruction Package Package
Model Range Rate Description Option

ADMC401BST –40°C to +85°C 26 MHz 144-Lead Plastic Thin Quad Flatpack (LQFP) ST-144
ADMC401-ADVEVALKIT Development Tool Kit
ADMC401-PB Evaluation/Processor Board

Timing Parameters
GENERAL NOTES
Use the exact timing information given. Do not attempt to
derive parameters from the addition or subtraction of others.
While addition or subtraction would yield meaningful results for
an individual device, the values given in this data sheet reflect
statistical variations and worst cases. Consequently, you cannot
meaningfully add up parameters to derive longer times.

TIMING NOTES
Switching characteristics specify how the processor changes its
signals. You have no control over this timing; it is dependent on
the internal design. Timing requirements apply to signals that
are controlled outside the processor, such as the data input for a
read operation.

Timing requirements guarantee that the processor operates
correctly with another device. Switching characteristics tell you
what the device will do under a given circumstance. Also, use
the switching characteristics  to ensure any timing requirement
of a device connected to the processor (such as memory) is
satisfied.

MEMORY REQUIREMENTS
This chart links common memory device specification names
and ADMC401 timing parameters for your convenience.

Common
Parameter Memory Device
Name Function Specification Name

tASW A0–A13, DMS, PMS Address Setup to
Setup before WR Low Write Start

tAW A0–A13, DMS, PMS Address Setup to
before WR Deasserted Write End

tWRA A0–A13, DMS, PMS Address Hold Time
Hold after WR Deasserted

tDW Data Setup before WR High Data Setup Time
tDH Data Hold after WR High Data Hold Time
tRDD RD Low to Data Valid OE to Data Valid
tAA A0–A13, DMS, PMS, Address Access Time

BMS to Data Valid
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Parameter Min Max Unit

Memory Read

Timing Requirements:

tRDD RD Low to Data Valid 0.5tCK – 11 + w ns
tAA A0–A13, PMS, DMS, BMS to Data Valid 0.75tCK – 12 + w ns
tRDH Data Hold from RD High 0 ns

Switching Characteristics:

tRP RD Pulsewidth 0.5tCK – 5 + w ns
tCRD CLKOUT High to RD Low 0.25tCK – 5 0.25tCK + 7 ns
tASR A0–A13, PMS, DMS, BMS Setup before RD Low 0.25tCK – 6 ns
tRDA A0–A13, PMS, DMS, BMS Hold after RD Deasserted 0.25tCK – 3 ns
tRWR RD High to RD or WR Low 0.5tCK – 5 ns

w = wait states × tCK.

CLKOUT

A0–A13

D

RD

WR

DMS, PMS
BMS

 tRWR tRP

 tASR

 tCRD

 tAA

 tRDA

 tRDD  tRDH

Figure 4. Memory Read
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Parameter Min Max Unit

Serial Ports

Timing Requirements:

tSCK SCLK Period 50 ns
tSCS DR/TFS/RFS Setup before SCLK Low 5 ns
tSCH DR/TFS/RFS Hold after SCLK Low 10 ns
tSCP SCLKIN Width 20 ns

Switching Characteristics:

tCC CLKOUT High to SCLKOUT 0.25tCK 0.25tCK + 15 ns
tSCDE SCLK High to DT Enable 0 ns
tSCDV SCLK High to DT Valid 20 ns
tRH TFS/RFSOUT Hold after SCLK High 0 ns
tRD TFS/RFSOUT Delay from SCLK High 20 ns
tSCDH DT Hold after SCLK High 0 ns
tTDE TFS(Alt) to DT Enable 0 ns
tTDV TFS(Alt) to DT Valid 20 ns
tSCDD SCLK High to DT Disable 20 ns
tRDV RFS (Multichannel, Frame Delay Zero) to DT Valid 20 ns

CLKOUT

SCLK

TFS

RFS

DR
RFSIN
TFSIN

DT

alternate
frame mode

RFSOUT
TFSOUT

multichannel mode,
frame delay 0

(MFD = 0)

 tCC  tCC

 tSCS  tSCS

 tSCK

 tSCP

 tSCP

 tRD

 tRH

 tSCDV

 tSCDE

 tTDE

 tTDV

 tRDV

 tSCDH

 tSCDD

Figure 6. Serial Ports
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PIN CONFIGURATION

A
9

A
8

A
7

A
6

V
D

D A
5

A
4

A
3

G
N

D

A
2

A
1

A
0

P
W

D

P
W

D
A

C
K

B
R

N
C

N
C

B
M

O
D

E

M
M

A
P

V
D

D

G
N

D

P
W

M
S

R

P
O

R

R
E

S
E

T

G
N

D

G
N

D

G
N

D

P
W

M
P

O
L

C
L

K
IN

X
T

A
L

C
L

K
O

U
T

V
D

D

G
N

D

D
R

1A
/F

1

D
R

1B
/F

I

D
T

1/
F

O

P
1

G
N

D

P
2

P
3

P
4

P
5

P
6

P
7

G
N

D
V

D
D

P
8

P
9

P
10

P
11

D
0

D
1

D
2

G
N

D

D
3

D
4

D
5

D
6

D
7

D
8

D
9

D
10

G
N

D

E
IA

E
IB

E
IZ

E
IS

E
T

U
0

E
T

U
1

A
U

X
0

A
U

X
1

P
0

D11

VDD

D12

D13

D14

D15

D16

D17

D18

GND

D19

D20

D21

D22

D23

BGH

AH

AL

BH

BL

GND

VDD

CH

CL

PWMSYNC

PWMTRIP

GND

VDD

SCLK0

TFS0

RFS0

DT0

DR0

SCLK1

TFS1/IRQ1

RFS1/IRQ0/SROM

CONVST

GND

VDD

GND

AVDD

AVSS

VIN7

VREF

VIN6

REFCOM

VIN5

CAPT

VIN4

BSHAN

ASHAN

VIN0

CAPB

VIN1

CML

VIN2

GAIN

VIN3

SENSE

AVSS

AVDD

BMS

PMS

DMS

RD

GND

BG

WR

A13

A12

A11

A10

NC = NO CONNECT

PIN 1
IDENTIFIER

TOP VIEW
(Not to Scale)

ADMC401

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3610 11 12 13 14 15 16 17 181 2 3 4 5 6 7 8 9

90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74 7399 98 97 96 95 94 93 92 9110
8

10
7

10
6

10
5

10
4

10
3

10
2

10
1

10
0

72

71

70

69

68

67

66

65

64

63

62

61

60

59

58

57

56

55

54

53

52

51

50

49

48

47

46

45

44

43

42

41

40

39

38

37

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144



REV. B

ADMC401

–14–

(Continued from Page 1)

Programmable Digital I/O (PIO) Port

12-Pin Configurable Digital I/O Port

Flexible Interrupt Generation

Four Dedicated PIO Interrupt Vectors

Each I/O Line Configurable as PWM Shutdown

Two 8-Bit Auxiliary PWM Outputs

Programmable Switching Frequency

Independent or Offset Modes

Two-Channel Event Timer (Capture) Unit

Configurable Event Definition

Single-Shot or Free-Running Modes

Peripheral Interrupt Controller

Manages Peripheral Interrupts

16-Bit Watchdog Timer

Internal Power-On Reset System

Programmable 16-Bit Interval Timer with Prescaler

Two Double Buffered Synchronous Serial Ports

Boot Load Protocols via SPORT1:

Synchronous E2PROM/SROM Booting

UART Boot Loader with Autobaud

Synchronous Master or Slave Boot Loader

Debugger Interface via SPORT1:

UART Interface with Autobaud

Synchronous Master or Slave Interface

Full Debugger for Program Development

Industrial Temperature Range –40�C to +85�C
Operating Voltage 5.0 V � 5%

Package: 144-Lead LQFP

GENERAL DESCRIPTION
The ADMC401 is a single-chip DSP-based controller, suitable
for high performance control of ac induction motors (ACIM),
permanent magnet synchronous motors (PMSM), brushless dc
motors (BDCM) and switched reluctance (SR) motors in indus-
trial applications. The ADMC401 integrates a 26 MIPS, fixed-
point DSP core with a complete set of motor control peripherals
that permits fast motor control in a highly integrated environment.

The DSP core of the ADMC401 is the ADSP-2171 which is
completely code compatible with the ADSP-21xx DSP family
(as well as other members of the integrated motor controllers of
the ADMC3xx family) and combines three computational units,

data address generators and a program sequencer. The computa-
tional units comprise an ALU, a multiplier/accumulator (MAC)
and a barrel shifter. The DSP core also adds instructions for bit
manipulation, squaring (x2), biased rounding and global inter-
rupt masking. In addition, two flexible double-buffered, bidirec-
tional synchronous serial ports are included in the ADMC401.

The ADMC401 provides 2K × 24-bit internal program memory
RAM, 2K × 24-bit internal program memory ROM and 1K ×
16-bit internal data memory RAM. The program and data
memory RAM can be boot loaded through the serial port from
either a serial E2PROM, through a UART connection (either
from external host microprocessor or from the Motion Control
Debugger) or via a synchronous serial interface from a host
microprocessor. Alternatively, the internal program and data
memory RAM may be booted from an external device across the
address and data buses. The program memory ROM includes a
monitor that adds software debugging features through the serial
port.

Additionally, the ADMC401 device adds significant external
memory and peripheral expansion capabilities by making avail-
able the full address and data bus of the DSP core. This feature
permits expansion of both external program and data memory
and means that the DSP core can address up to 14K × 24 bits of
external program memory and up to 13K × 16 bits of external
data memory.

The ADMC401 contains a number of special purpose, motor
control peripherals.  The first is a high performance, 8-channel,
12-bit ADC system with dual channel simultaneous sampling
ability across 4 pair of inputs. An internal precision voltage refer-
ence is also available as part of the ADC system. In addition, a
three-phase, 16-bit, center-based PWM generation unit can be
used to produce high-accuracy PWM signals with minimal pro-
cessor overhead. The ADMC401 also contains a flexible incre-
mental encoder interface unit for position sensor feedback;
two adjustable-frequency auxiliary PWM outputs, 12 lines of
digital I/O; a 2-channel event capture system; a 16-bit watchdog
timer; two 16-bit interval timers (one of which can be linked to
the encoder interface unit) and an interrupt controller that man-
ages all peripheral interrupts. Finally, the ADMC401 contains
an integrated power-on-reset (POR) circuit that can be used to
generate the required reset signal for the device on power-on.
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PIN FUNCTION DESCRIPTION
The ADMC401 is available in an 144-lead TQFP package. Table
I contains the pin descriptions.

Table I. Pin List

Pin #
Group of Input/
Name Pins Output Function

A13–A0 14 O Address Lines

D23–D0 24 I/O Data Lines

PMS, DMS, BMS 3 O External Memory Select Lines

RD, WR 2 O External Memory Read/Write Enable

MMAP 1 I Memory Map Select

POR 1 O Internal Power On Reset Output

RESET 1 I Processor Reset Input

CLKOUT 1 O Processor Clock Output

CLKIN, XTAL 2 I, O External Clock or Quartz Crystal
Input

BR 1 I Bus Request

BG, BGH 2 O Bus Grant and Bus Hang Control

BMODE 1 I Boot Mode Select

PWD, PWDACK 2 I, O Power-Down and Power-Down
Acknowledge

SPORT0 5 I/O Serial Port 0 Pins (TFS0, RFS0,
DT0, DR0, SCLK0)

SPORT1 6 I/O Serial Port 1 (TFS1/IRQ1, RFS1/
IRQ0/SROM, DT1/FO, DR1A/FI,
DR1B/FI, SCLK1)

VIN0–VIN7 8 I Analog Inputs

ASHAN, BSHAN 2 I Inverting Inputs to Sample and
Hold Amplifiers

GAIN 1 I Analog Input for Gain Calibration

VREF 1 I/O Reference Voltage Input/Output

REFCOM 1 GND Reference Common

CML 1 O Common-Mode Level (Midsupply)

CAPT, CAPB 2 O Noise Reduction Pins

SENSE 1 I Voltage Reference Select

CONVST 1 I External Convert Start

AH-CL 6 O PWM Outputs

PWMTRIP 1 I PWM Shutdown Signal

PWMPOL 1 I PWM Polarity Control

PWMSYNC 1 O PWM Synchronization Output

PWMSR 1 I PWM Switched Reluctance Mode
Control

PIO0–PIO11 12 I/O Digital I/O Port

ETU0, ETU1 2 I Event Timer Inputs

AUX0–AUX1 2 O Auxiliary PWM Outputs

EIA, EIB, EIZ,
EIS 4 I Encoder Interface Inputs and

External Registration Inputs

NC 2 No Connect

AVDD 2 SUP Analog Power Supply

AVSS 2 GND Analog Ground

VDD 8 SUP Digital Power Supply

GND 16 GND Digital Ground

INTERRUPT OVERVIEW
The ADMC401 can respond to different interrupt sources, some
of which are internal DSP core interrupts and others from the
motor control peripherals. The DSP core interrupts include a:

• Power up (or RESET) interrupt.
• A peripheral (or IRQ2) interrupt.
• A SPORT0 receive and a SPORT0 transmit interrupt.
• A SPORT1 receive (or IRQ0) and a SPORT1 transmit (or

IRQ1) interrupt.
• Two software interrupts.
• An interval timer timeout interrupt.
• A power-down interrupt.

In addition, the motor control peripherals add other interrupts
that include:

• A PWMSYNC interrupt.
• An ADC end of conversion interrupt.
• An encoder loop timer timeout interrupt.
• Five peripheral input/output (PIO) interrupts.
• An event timer interrupt.
• An encoder count error interrupt.
• A PWM trip interrupt.

The interrupts are internally prioritized and individually maskable
except for the nonmaskable power-down interrupt.

Memory Map
The ADMC401 has two distinct memory types; program memory
and data memory (in addition to external boot memory). In
general, program memory contains user code and coefficients,
while the data memory is used to store variables and data during
program execution. Both program memory RAM and ROM is
provided internally on the ADMC401. The program memory
map of the ADMC401 can be altered depending on the state of
the MMAP and BMODE pins. The various program memory
maps are illustrated in Figure 11 for the permissible settings of
MMAP and BMODE. The state of these pins also impact the
way in which the internal memory of the ADMC401 is booted,
as described later.

There is 2K of internal ROM on the ADMC401. Setting the
ROMENABLE bit on the Data Memory Wait State Control
Register (at address DM (0x3FFE)) enables the ROM. When the
ROMENABLE bit is set to 1, addressing program memory in the
ROM range will access the on-chip ROM.  When ROMENABLE
is set to zero, addressing program memory in this range will
access external program memory. The ROMENABLE bit is
initialized to zero after reset unless MMAP and BMODE = 1.

When MMAP = BMODE = 0, the ADMC401 provides 2K × 24
bits of internal program memory RAM starting at address
0x0000 that is booted from a byte-wide interface on the address
and data buses. Following boot loading, program execution
starts at address 0x0000. In this mode, the remainder of the
program memory space, a 12K × 24-bit block starting at address
0x1000, is assigned to external memory.

When MMAP = BMODE = 1, the program memory map is
identical to the previous case, but ROMENABLE defaults to 1 at
reset, and execution starts from the internal program memory
ROM located at address 0x0800. This permits the internal (and
external if desired) memory to be boot loaded across the various
serial interfaces on SPORT1.
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The SENSE pin controls whether the A/D system operates with
an internal or an external reference. For operation with the internal
reference, the SENSE pin should be tied to the REFCOM pin.
In this mode, the internally derived 2 V voltage reference ap-
pears at the VREF pin. To operate with an external voltage refer-
ence, the SENSE pin should be tied to the AVDD pin and the
external voltage reference may be applied at the VREF pin.

REFCOM

SENSE
0.1�F

CML

CAPB

ADMC401

CAPT

VREF

0.1�F

0.1�F10�F

0.1�F

0.1�F

10�F

Figure 20. Recommended Capacitor Decoupling Networks
for the ADMC401

OPTIMIZING ADC PERFORMANCE
The optimum noise and dc linearity performance is achieved
with the largest input signal voltage span (i.e., 4 V input span)
and with matching impedance in series with each of the analog
inputs (VIN0 to VIN7, ASHAN and BSHAN). Additionally,
the operational amplifier must exhibit source impedance that is
both low and resistive, up to and beyond the sampling frequency.
When a capacitive load is switched onto the output of the opera-
tional amplifier, the output will momentarily drop, due to its
effective output impedance. As the output recovers, ringing may
occur. To remedy this situation, a series resistor can be inserted
between the op amp output and the ADC input (RS as shown in
Figure 18). Recommended configurations include using the
OP27 amplifiers with an RS of 20 Ω. Alternative recommended
op amps are the AD8051 and AD8054.

Figure 18 shows ASHAN driven by the internally generated
reference voltage at VREF. When driving ASHAN with an inter-
nally generated VREF, better performance will result if the driv-
ing impedance of ASHAN matches the driving impedance of the
other analog inputs. This can be implemented with the addition
of a second amplifier to Figure 18, between VREF and ASHAN,
to match the amplifier on VIN0.

For noise sensitive applications, it may also be beneficial to add
some shunt capacitance between the inputs (VIN0 and ASHAN
of Figure 18) and analog ground. Since this additional capaci-
tance combines with the equivalent input capacitance of the
analog inputs, a lower series resistance may be possible. The
input RC combination also provides some antialiasing filtering
on the analog inputs. To optimize performance when noise is
the primary consideration, increase the shunt capacitance as
much as the transient response of the input signal will allow.
Increasing the capacitance too much may adversely affect the
op amp’s settling time, frequency response and distortion
performance.

ADC REGISTERS
The configuration and structure of the ADC registers is de-
scribed at the end of this data sheet.

THE PWM CONTROLLER
OVERVIEW
The PWM generator block of the ADMC401 is a flexible, pro-
grammable, three-phase PWM waveform generator that can be
programmed to generate the required switching patterns to drive
a three-phase voltage source inverter for ac induction (ACIM)
or permanent magnet synchronous (PMSM) motor control. In
addition, the PWM block contains special functions that consid-
erably simplify the generation of the required PWM switching
patterns for control of the electronically commutated motor
(ECM) or brushless dc motor (BDCM). A special mode for
switched reluctance motors (SRM) exists as well, enabled by a
dedicated pin.

The PWM generator produces three pairs of PWM signals on
the six PWM output pins (AH, AL, BH, BL, CH and CL). The
six PWM output signals consist of three high side drive signals
(AH, BH and CH) and three low side drive signals (AL, BL and
CL). The polarity of the generated PWM signals may be pro-
grammed by the PWMPOL pin, so that either active HI or
active LO PWM patterns can be produced by the ADMC401.
The switching frequency, dead time and minimum pulsewidths
of the generated PWM patterns are programmable using respec-
tively, the PWMTM, PWMDT and PWMPD registers. In addi-
tion, three duty-cycle control registers (PWMCHA, PWMCHB
and PWMCHC) directly control the duty cycles of the three
pairs of PWM signals.

Each of the six PWM output signals can be enabled or disabled
by separate output enable bits of the PWMSEG register. In
addition, three control bits of the PWMSEG register permit
crossover of the two signals of a PWM pair for easy control of
ECM or BDCM. In crossover mode, the PWM signal destined
for the high side switch is diverted to the complementary low-
side output and the signal destined for the low side switch is
diverted to the corresponding high side output signal. In addi-
tion to ease of use of the PWM controller for ECM or BDCM,
this crossover mode can also be used to transition the PWM
signals into the overmodulation range with relative ease.

In many applications, there is a need to provide an isolation
barrier in the gate-drive circuits that turn on the power devices
of the inverter. In general, there are two common isolation tech-
niques, optical isolation using opto-isolators and transformer
isolation using pulse transformers. The PWM controller of the
ADMC401 permits mixing of the output PWM signals with a
high-frequency chopping signal to permit easy interface to such
pulse transformers. The features of this gate-drive chopping
mode can be controlled by the PWMGATE register. There is an
8-bit value within the PWMGATE register that directly controls
the chopping frequency. In addition, high frequency chopping
can be independently enabled for the high side and the low side
outputs using separate control bits in the PWMGATE register.
Also, all PWM outputs have sufficient sink and source capability
to directly drive most opto-isolators.

The PWM generator is capable of operating in two distinct
modes, single update mode or double update mode. In single
update mode the duty cycle values are programmable only once
per PWM period, so that the resultant PWM patterns are sym-
metrical about the midpoint of the PWM period. In the double
update mode, a second updating of the PWM registers is imple-
mented at the midpoint of the PWM period. In this mode, it is
possible to produce asymmetrical PWM patterns that produce
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lower harmonic distortion in three-phase PWM inverters. This
technique also permits closed loop controllers to change the
average voltage applied to the machine windings at a faster rate
and so permits faster closed loop bandwidths to be achieved.
The operating mode of the PWM block (single or double update
mode) is selected by a control bit in MODECTRL register.

The PWM generator of the ADMC401 also provides an output
pulse on the PWMSYNC pin, which is synchronized to the PWM
switching frequency. In single update mode a PWMSYNC pulse
is produced at the start of each PWM period. In double update
mode, an additional PWMSYNC pulse is produced at the mid-
point of each PWM period. The width of the PWMSYNC pulse is
programmable through the PWMSYNCWT register.

The PWM signals produced by the ADMC401 can be shut off
in a number of different ways. First, there is a dedicated asyn-
chronous PWM shutdown pin, PWMTRIP, that, when brought
LO, instantaneously places all six PWM outputs in the OFF
state (as determined by the state of the PWMPOL pin). In
addition, each of the PIO lines of the ADMC401 (PIO0 to
PIO11) can be configured to act as an additional PWM shut-
down. By setting the appropriate bit in the PIOPWM register,
the corresponding PIO line acts as an asynchronous PWM shut-
down source in a manner identical to the PWMTRIP pin. These
two hardware shutdown mechanisms are asynchronous so that
the associated PWM disable circuitry does not go through any
clocked logic, thereby ensuring correct PWM shutdown even in
the event of a loss of the DSP clock. In addition to the hardware
shutdown features, the PWM system may be shut down in soft-
ware by writing to the PWMSWT register.

Status information about the PWM system of the ADMC401 is
available to the user in the SYSSTAT register. In particular, the
state of the PWMTRIP and PWMPOL pins is available, as well
as status bits that indicates whether operation is in the first half
or the second half of the PWM period.

A functional block diagram of the PWM controller is shown in
Figure 21. The generation of the six output PWM signals on
pins AH to CL is controlled by four important blocks:

• The Three-Phase PWM Timing Unit, which is the core of
the PWM controller, generates three pairs of complemented
and dead time adjusted center based PWM signals.

• The Output Control Unit allows the redirection of the out-
puts of the Three-Phase Timing Unit for each channel to
either the high side or the low side output. In addition, the
Output Control Unit allows individual enabling/disabling of
each of the six PWM output signals.

• The Gate Drive Unit provides the correct polarity output
PWM signals based on the state of the PWMPOL pin. The
Gate Drive Unit also permits the generation of the high-
frequency chopping frequency and its subsequent mixing
with the PWM signals.

• The PWM Shutdown Controller takes care of the various
PWM shutdown modes (via the PWMTRIP pin, the PIO
lines or the PWMSWT register) and generates the correct
RESET signal for the Timing Unit.

The PWM controller is driven by a clock at the same frequency
as the DSP instruction rate, tCK and is capable of generating two
interrupts to the DSP core. One interrupt is generated on the

occurrence of a rising edge of the PWMSYNC pulse and the
other is generated on the occurrence of any PWM shutdown
action.
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Figure 21. Overview of the ADMC401 PWM Controller

THREE-PHASE TIMING UNIT
The 16-bit three-phase timing unit is the core of the PWM
controller and produces three pairs of pulsewidth modulated
signals with high resolution and minimal processor overhead.
The outputs of this timing unit are active LO such that a low
level is interpreted as a command to turn ON the associated
power device. There are four main configuration registers
(PWMTM, PWMDT, PWMPD and PWMSYNCWT) that
determine the fundamental characteristics of the PWM outputs.
In addition, the operating mode of the PWM (single or double
update mode) is selected by Bit 6 of the MODECTRL register.
These registers, in conjunction with the three 16-bit duty cycle
registers (PWMCHA, PWMCHB and PWMCHC), control the
output of the three-phase timing unit.

PWM Switching Frequency, PWMTM Register
The PWM switching frequency is controlled by the 16-bit PWM
period register, PWMTM. The fundamental timing unit of the
PWM controller is tCK (DSP instruction rate). Therefore, for a
26 MHz CLKOUT, the fundamental time increment is 38.5 ns.
The value written to the PWMTM register is effectively the
number of tCK clock increments in half a PWM period. The
required PWMTM value as a function of the desired PWM
switching frequency (fPWM) is given by:

    
PWMTM

f
f

f
f

CLKOUT

PWM

CLKIN

PWM
=

×
=

2

Therefore, the PWM switching period, Ts, can be written as:

    T PWMTM tS CK= × ×2
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For example, for a 26 MHz CLKOUT and a desired PWM
switching frequency of 10 kHz (TS = 100 µs), the correct value
to load into the PWMTM register is:

    
PWMTM =

×
× ×

=
26 10

2 10 10
1300

6

3

The largest value that can be written to the 16-bit PWMTM
register is 0xFFFF = 65,535, which corresponds to a minimum
PWM switching frequency of:

    
f HzPWM MIN,

,
=

×
×

=
26 10

2 65 535
198

6

PWM Switching Dead Time, PWMDT Register
The second important parameter that must be set up in the
initial configuration of the PWM block is the switching dead
time. This is a short delay time introduced between turning off
one PWM signal (say AH) and turning on the complementary
signal, AL. This short time delay is introduced to permit the
power switch being turned off (AH in this case) to completely
recover its blocking capability before the complementary switch
is turned on. This time delay prevents a potentially destructive
short-circuit condition from developing across the dc link capacitor
of a typical voltage source inverter.

The dead time is controlled by the 10-bit PWMDT register.
There is one dead time register that controls the dead time
inserted into the three pairs of PWM output signals. The dead
time, TD, is related to the value in the PWMDT register by:

    T PWMDT tD CK= × ×2

Therefore, for a 26 MHz CLKOUT, a PWMDT value of
0x00A (= 10) introduces a 770 ns delay between the turn-off
on any PWM signal (say AH) and the turn-on of its complemen-
tary signal (AL). The amount of the dead time can therefore be
programmed in increments of 2tCK (or 77 ns for a 26 MHz
CLKOUT). The PWMDT register is a 10-bit register so that its
maximum value is 0x3FF (= 1023) corresponding to a maximum
programmed dead time of:

    T t sD MAX CK,
–. .= × × = × × × =1023 2 1023 2 38 5 10 78 89 µ

for a CLKOUT rate of 26 MHz. Obviously, the dead time can
be programmed to be zero by writing 0 to the PWMDT register.

PWM Operating Mode, MODECTRL and SYSSTAT Registers
The PWM controller of the ADMC401 can operate in two
distinct modes; single update mode and double update mode.
The operating mode of the PWM controller is determined by
the state of Bit 6 of the MODECTRL register. If this bit is
cleared, the PWM operates in the single update mode. Setting
Bit 6 places the PWM in the double update mode. By default,
following reset, Bit 6 of the MODECTRL register is cleared so
that the default operating mode is in single update mode.

In single update mode, a single PWMSYNC pulse is produced
in each PWM period. The rising edge of this signal marks the
start of a new PWM cycle and is used to latch new values from
the PWM configuration registers (PWMTM, PWMDT, PWMPD
and PWMSYNCWT) and the PWM duty cycle registers
(PWMCHA, PWMCHB and PWMCHC) into the three-phase
timing unit. In addition, the PWMSEG register is also latched
into the output control unit on the rising edge of the PWMSYNC
pulse. In effect, this means that the characteristics and resultant

duty cycles of the PWM signals can be updated only once per
PWM period at the start of each cycle. The result is that PWM
patterns that are symmetrical about the midpoint of the switch-
ing period are produced.

In double update mode, an additional PWMSYNC pulse is
produced at the midpoint of each PWM period. The rising edge
of this new PWMSYNC pulse is again used to latch new values
of the PWM configuration registers, duty cycle registers and the
PWMSEG register. As a result it is possible to alter the charac-
teristics (switching frequency, dead time, minimum pulsewidth
and PWMSYNC pulsewidth) as well as the output duty cycles
at the midpoint of each PWM cycle. Consequently, it is possible
with double update mode to produce PWM switching patterns
that are not symmetrical about the midpoint of the period (asym-
metrical PWM patterns).

In the double update mode, it may be necessary to know whether
operation at any point in time is in either the first half or the
second half of the PWM cycle. This information is provided by
Bit 3 of the SYSSTAT register, which is cleared during opera-
tion in the first half of each PWM period (between the rising
edge of the original PWMSYNC pulse and the rising edge of the
new PWMSYNC pulse introduced in double update mode). Bit
3 of the SYSSTAT register is set during operation in the second
half of each PWM period. This status bit allows the user to make a
determination of the particular half-cycle during implementation
of the PWMSYNC interrupt service routine, if required.

The advantage of the double update mode is that lower harmonic
voltages can be produced by the PWM process and faster
control bandwidths are possible. However, for a given PWM
switching frequency, the PWMSYNC pulses occur at twice the
rate in the double update mode. Since new duty cycle values
must be computed in each PWMSYNC interrupt service routine,
there is a larger computational burden on the DSP in the double
update mode. Alternatively, the same PWM update rate may be
maintained at half the switching frequency to give lower switch-
ing losses.

Width of the PWMSYNC Pulse, PWMSYNCWT Register
The PWM controller of the ADMC401 produces an output
PWM synchronization pulse at a rate equal to the PWM switch-
ing frequency in single update mode and at twice the PWM
frequency in the double update mode. This pulse is available
for external use at the PWMSYNC pin. The width of this
PWMSYNC pulse is programmable by the 8-bit read/write
PWMSYNCWT register. The width of the PWMSYNC pulse,
TPWMSYNC, is given by:

    
T t PWMSYNCWTPWMSYNC CK= × +( )1

so that the width of the pulse is programmable from tCK to 256 ×
tCK (corresponding to 38.5 ns to 9.85 µs for a CLKOUT rate of
26 MHz). Following a reset, the PWMSYNCWT register con-
tains 0x27 (= 39) so that the default PWMSYNC width is
1.54 µs, again for a 26 MHz CLKOUT.

PWM Duty Cycles, PWMCHA, PWMCHB, PWMCHC
Registers
The duty cycles of the six PWM output signals on Pins AH to
CL are controlled by the three 16-bit read/write duty cycle
registers, PWMCHA, PWMCHB and PWMCHC. The integer
value in the register PWMCHA controls the duty cycle of the
signals on AH and AL, in PWMCHB controls the duty cycle of
the signals on BH and BL and in PWMCHC controls the duty
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Figure 26. Typical active LO PWM signals with high fre-
quency gate chopping enabled on both high side and low
side switches.

PWM Polarity Control, PWMPOL Pin
The polarity of the PWM signals produced at the output pins
AH to CL may be selected in hardware by the PWMPOL pin.
Connecting the PWMPOL pin to DGND selects active LO
PWM outputs, such that a LO level is interpreted as a com-
mand to turn on the associated power device. Conversely, con-
necting the PWMPOL pin to VDD selects active HI PWM and
the associated power devices are turned ON by a HI level at the
PWM outputs. There is an internal pull-up on the PWMPOL
pin, so that if this pin becomes disconnected (or is not connected),
active HI PWM will be produced. The level on the PWMPOL
pin may be read from Bit 2 of the SYSSTAT register, where a
zero indicates a measured LO level at the PWMPOL pin.

SWITCHED RELUCTANCE MODE
The PWM block of the ADMC401 contains a switched reluc-
tance (SR) mode that is controlled by the PWMSR pin. The
switched reluctance mode is enabled by connecting the PWMSR
pin to DGND. In this SR mode, the low side PWM signals from
the three-phase timing unit assume permanently ON states,
independent of the value written to the duty-cycle registers. The
duty cycles of the high side PWM signals from the timing unit
are still determined by the three duty cycle registers. Using the
crossover feature of the output control unit, it is possible to
divert the permanently ON PWM signals to either the high-side
or low-side outputs. This mode is necessary because in the typi-
cal power converter configuration for switched or variable reluc-
tance motors, the motor winding is connected between the two
power switches of a given inverter leg. Therefore, in order to
build up current in the motor winding, it is necessary to turn on
both switches at the same time. Typical active LO PWM signals
during operation in SR mode are shown in Figure 27 for opera-
tion in double update mode. It is clear that the three low-side
signals (AL, BL and CL) are permanently ON and the three high
side signals are modulated in the usual manner so that the cor-
responding high side power switches are switched between the
ON and OFF states. The SR mode can only be enabled by con-
necting the PWMSR pin to GND. There is no software means
by which this mode can be enabled. There is an internal pull-up
resistor on the PWMSR pin so that if this pin is left unconnected
or becomes disconnected the SR mode is disabled. Of course,
the SR mode is disabled when the PWMSR pin is tied to VDD.

PWMCHA1

PWMTM

AH

AL

BH

CH

BL

CL

PWMCHA2

PWMCHB2PWMCHB1

PWMCHC2PWMCHC1

PWMTM

Figure 27. Active LO PWM signals in SR Mode (PWMPOL
= PWMSR = DGND) for ADMC401 in double update mode.

PWM SHUTDOWN
In the event of external fault conditions, it is essential that the
PWM system be instantaneously shutdown in a safe fashion. A
low level on the PWMTRIP pin provides an instantaneous,
asynchronous (independent of the DSP clock) shutdown of the
PWM controller. All six PWM outputs are placed in the OFF
state (as defined by the PWMPOL pin). Note, however, when
the PWMSR pin is in the SR mode, the three low side PWM
signals from the three-phase timing unit will remain in the ON
state. In addition, the PWMSYNC pulse is disabled and the
associated interrupt is stopped. The PWMTRIP pin has an
internal pull-down resistor so that if the pin becomes uncon-
nected the PWM will be disabled. The state of the PWMTRIP
pin can be read from Bit 0 of the SYSSTAT register.

The 12 PIO lines of the ADMC401 can also be configured to
operate as PWM shutdown pins using the PIOPWM register.
The 12-bit PIOPWM has a control bit for each PIO line (Bit 0
controls PIO0, etc.). Setting the control bit enables the corre-
sponding PIO line as a PWM shutdown pin. A falling edge on
the PIO line will then generate an instantaneous, asynchronous
shutdown of the PWM system, in a manner identical to the
PWMTRIP pin. Also like PWMTRIP, all of the PIO lines have
internal pull-down resistors, so that if a PIO pin becomes uncon-
nected and is configured as a PWM shutdown pin, the PWM will
be disabled. Following a reset, all PIO lines are configured as
inputs, have pull-downs and are programmed as PWM shut
down pins (PIOPWM = 0x0FFF) so that the PWM is shut-
down. Correct operation of the PWM is not possible without
first correctly configuring the PIO system.

In addition, it is possible to initiate a PWM shutdown in soft-
ware by writing to the 1-bit PWMSWT register. The act of
writing to this register generates a PWM shutdown command in
a manner identical to the PWMTRIP or PIO pins. A hardware
trip has no effect on the PWMSWT register. It does not matter
which value is written to the PWMSWT register. However,
following a PWM shutdown, it is possible to read the PWMSWT
register to determine if the shutdown was generated by hard-
ware or software. If the PWM shutdown was caused by the
PWMSWT register, a 1 will be read back from the PWMSWT
register. Reading the PWMSWT register automatically clears
its contents.
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asynchronous timing of encoder and DSP-reading events. As a
result, more accurate computations of the position and velocity
of the motor shaft may be performed.

The EET consists of a 16-bit encoder event timer, an encoder
pulse decimator and a clock divider. The EET clock frequency is
selected by the 16-bit read/write EETDIV clock divide register,
whose value divides the CLKOUT frequency. The contents of
the encoder event timer are incremented on each rising edge of
the divided clock signal. An EETDIV value of zero gives the
maximum divide value of 0x10000 (= 65,536), so that the
clock frequency to the encoder event timer is at its minimum
possible value.

The quadrature signal from the encoder interface unit is deci-
mated at a rate determined by the 8-bit read/write EETN regis-
ter. For example, writing a value of two to EETN, produces a
pulse decimator output train at half the quadrature signal fre-
quency, as shown in Figure 31. The rising edge of this deci-
mated signal is termed a velocity event. Therefore, for an EETN
value of two, a velocity event occurs every two encoder edges, or
on each edge of one of the encoder signals. An EETN value of 0
gives an effective pulse decimation value of 256.

On the occurrence of a velocity event, the contents of the en-
coder event timer are stored in an intermediate Interval Time
Register. Under normal operation, this register stores the elapsed
time between successive velocity events. After the timer value
has been latched at the velocity event, the contents of the en-
coder event timer are reset to one.

ENCODER EVENT
TIMER VALUE

EET LATCH
EVENT

VELOCITY
EVENTS

QUADRATURE
SIGNAL

EIUCNT

B

A

EETT

EETDELTAT

Figure 31. Operation of Encoder Interface Unit and EET of
ADMC401 in the Forward Direction with EETN = 2

Latching Data from the EET
When using the data from the Encoder Event Timer, it is im-
portant to latch a triplet set of data at the same instant in time.
The three pieces of data are the contents of the encoder quadra-
ture up/down counter, the stored value in the Interval Time
Register (giving the precise measured time between the last two
velocity events) and the present value of the encoder event timer
(giving an indication of how much time has passed since the last
velocity event).

The data from the EET can be latched on the occurrence of
two different events. The particular event is selected by
Bit 4 (EETLATCH) of the EIUCTRL register. Setting this

EETLATCH bit causes the data to be latched on the timeout of
the encoder loop timer (EIUTIMER). At that time, the contents
of the encoder quadrature counter (EIUCNT) are latched to a
16-bit register EETCNT. In addition, the contents of the inter-
mediate Interval Time register are latched to the EETT register
and the contents of the encoder event timer are latched to the
EETDELTAT register. The three registers, EETCNT, EETT
and EETDELTAT, then contain the desired triplet of position/
speed data required for the control algorithm. In addition, if the
timeout of the EIUTIMER is used to generate an EIU loop
timer interrupt, the required data is automatically latched and
waiting for execution of the interrupt service routine (which may
be some time after the timeout instant if there are multiple
interrupts in the system). By latching the EIUCNT register to
the EETCNT, the user does not have to worry about changes in
the EIUCNT register (due to additional encoder edges) prior to
servicing of the EIU loop timer interrupt.

The other EET latch event is defined by clearing the EETLATCH
bit of the EIUCTRL register. In this mode, whenever, the
EIUCNT register is read by the DSP, the current value of the
intermediate Interval Time register is latched to the EETT
register and the contents of the encoder event timer are latched
to the EETDELTAT register. The three registers, EIUCNT,
EETT and EETDELTAT now contain the desired triplet of
position/speed data required for the control algorithm. Note the
difference from before, in that the encoder count value is now
available in the EIUCNT register.

It is important to realize that the EETT, and EETDELTAT regis-
ters are only updated by either the timeout of the EIUTIMER
register (if EETLATCH bit is set) or the act of reading the
EIUCNT register (if the EETLATCH bit is cleared). Therefore,
if the EETLATCH bit is set, the act of reading the EIUCNT
register will not update the EETT and EETDELTAT registers.
Following reset, Bit 4 of the EIUCTRL is cleared.

EET Status Register
There is a 1-bit EETSTAT register that indicates whether or
not an overflow of the EET has occurred. If the time between
successive velocity events is sufficiently long, it is possible that
the encoder event timer will overflow. When this condition is
detected, Bit 0 of the EETSTAT register is set and the EETT
register is fixed at 0xFFFF. Reading the EETSTAT register
clears the overflow bit and permits the EETT register to be
updated at the next velocity event.

If an encoder direction reversal is detected by the EIU, the
encoder event timer is set to 1 and the EETT register is set to
its maximum 0xFFFF value. Subsequent velocity events will
cause the EETT register to be updated with the correct value. If
a value of 0xFFFF is read from the EETT register, Bit 0 of the
EETSTAT register can be read to determine whether an over-
flow or direction reversal condition exists.

On reset the EETN, EETDIV, EETDELTAT and EETT regis-
ters are all cleared to zero. Whenever either the EETN or EETDIV
registers are written to, the encoder event timer is reset to zero
and the EETT register is set to zero.
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edge on any of them will instantaneously shut down the PWM.
However, based on the particular PIO interrupt that is flagged,
the user can easily determine the source of the shutdown. This
permits the action of the interrupt service routines following a
PWM shutdown to be tailored to the particular fault that occurred.

On reset, all PIO lines are configured as PWM shutdown sources.
Because all PIO lines are also configured as inputs and have
internal pull-down resistors, any unconnected PIO lines will
cause a PWM shutdown. Therefore, prior to using the PWM
system of the ADMC401, it is imperative that the PIO stage be
correctly configured for the particular application.

PIO REGISTERS
The configuration of all registers associated with the PIO system
of the ADMC401 are shown at the end of the data sheet. Each
of the registers has a bit directly associated with one of the PIO
lines. For example, Bit 0 of all registers affects only the PIO0
line of the ADMC401.

EVENT TIMERS
OVERVIEW
The ADMC401 contains a dual channel event timer (capture)
unit (ETU) that may be used to accurately measure the elapsed
time between defined instants on a particular channel. The ETU
has two dedicated input pins, ETU0 and ETU1. The ETU
system contains a set of 16-bit data registers that are used to
store the value of the dedicated ETU timer on the occurrence of
defined events on the input pins. A configuration register is used
to define the nature of the events on each of the input pins. In
addition, a control register is used to initiate event capture on
the inputs. A status register may be read to determine the state
of the two capture channels. A dedicated ETU interrupt may be
generated upon completion of a capture sequence on either the
ETU0 or ETU1 channels. An event may be defined as either a
rising or falling edge on the associated ETU0 and ETU1 input
pins. Therefore, the ETU system can be used to compute the
frequency, period, duty cycle or on-time of signals applied at the
inputs. A block diagram of the ETU system of the ADMC401 is
shown in Figure 32.

ETUA0(15…0)
ETUB0(15…0)
ETUAA0(15…0)
ETUDIVIDE(15…0)
ETUTIME(15…0)
ETUCONFIG(7…0)
ETUCTRL(1…0)
ETUSTAT(1…0)
ETUA1(15…0)
ETUB1(15…0)
ETUAA1(15…0)

CAPTURE CHANNEL 0

ETU TIMER

EVENT
DETECTOR

EVENT
DETECTOR

CAPTURE CHANNEL 1

ETU0

ETU1

Figure 32. Functional Block Diagram of Event Timer Unit
of ADMC401

ETU EVENT DEFINITION
The ETU system of the ADMC401 contains a dedicated 16-bit
timer whose clock frequency may be programmed using the
ETUDIVIDE register. This register divides the CLKOUT
frequency to provide the clock signal for the ETU timer.

The clock frequency of the ETU timer may be expressed as
fCLKOUT/ETUDIVIDE and is common to both channels. At any
time, the contents of the ETU timer may be read in the 16-bit
read only ETUTIME register.

Two events are used to trigger the ETU, termed Event A and
Event B. By setting the appropriate bits of the ETUCONFIG
register, it is possible to define both events A and B as either
rising or falling edges on the appropriate pin. For example,
setting Bit 0 of the ETUCONFIG register defines Event A of
the ETU0 channel as a rising edge on the ETU0 pin. Similarly,
setting Bit 4 of the ETUCONFIG register defines Event A of
the ETU1 channel as a rising edge on the ETU1 pin. Event A
defines the start of the event capture sequence. Associated with
each ETU channel are three data registers, ETUA0, ETUB0
and ETUAA0 for ETU Channel 0 and ETUA1, ETUB1 and
ETUAA1 for ETU Channel 1. These data registers store the
ETU timer value on the occurrence of the first A event, the first
B event and the second A event, respectively. For example, for
ETU Channel 0, ETUA0 stores the timer value on the first
occurrence of Event A on the ETU0 pin, ETUB0 stores the
timer value on the first occurrence of Event B on the ETU0 pin
and ETUAA0 store the timer value on the second occurrence
of Event A on the ETU0 pin. Registers ETUA1, ETUB1 and
ETUAA1 perform the same function for events on ETU
Channel 1.

ETU INTERRUPT GENERATION
The completion of the event capture sequence can be defined as
either the occurrence of Event B or the second occurrence of
Event A by setting the appropriate bits of the ETUCONFIG
register. At the end of the capture sequence, the ETU generates
an interrupt. For example, if Bit 2 of the ETUCONFIG register
is set, ETU Channel 0 will generate an ETU interrupt on the
occurrence of Event B on the ETU0 pin. On the other hand, if
Bit 6 of the ETUCONFIG register is cleared, ETU Channel 1
will generate an ETU interrupt on the occurrence of the second
Event A on the ETU1 pin. Both ETU channels generate the
same interrupt to the DSP when capture is complete. If both
ETU channels are used simultaneously, the ETUSTAT register
can be polled to determine the status of both channels and
determine which caused the interrupt. If capture on ETU Chan-
nel 0 is complete, Bit 0 of the ETUSTAT register is set. Simi-
larly, if event capture on ETU Channel 1 is complete, Bit 1 of
the ETUSTAT register is set. Reading the ETUSTAT register
automatically clears all bits of the register.

ETU OPERATING MODES
The ETU channels of the ADMC401 can operate in two dis-
tinct modes; single shot and free-running. The particular mode
may be selected for ETU Channel 0 by programming Bit 3 of
the ETUCONFIG register and for ETU Channel 1 by program-
ming Bit 7 of the ETUCONFIG register. Setting these bits puts
the respective ETU channel in free-running mode while clearing
the bits enables the single-shot mode. In single-shot mode, upon
completion of the capture sequence and consequent generation
of the interrupt, further event capture is disabled until the inter-
rupt has been serviced and the appropriate bit of the ETUCTRL
register has been set. Setting Bit 0 of the ETUCTRL register
restarts the capture for ETU Channel 0, while Bit 1 restarts
capture for Channel 1. In the free-running mode, the bits of the
ETUCTRL register remain set and the ETU channel continues
to capture following the generation of the interrupt.
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Interrupt Configuration
The IFC and ICNTL registers of the DSP core control and
configure the interrupt controller of the DSP core. The IFC
register is a 16-bit register that may be used to force and/or clear
any of the eight DSP interrupts. Bits 0 to 7 of the IFC register
may be used to clear the DSP interrupts while Bits 8 to 15 can be
used to force a corresponding interrupt.  Writing to Bits 11 and 12
in IFC is the only way to create the two software interrupts.

The ICNTL register is used to configure the sensitivity (edge or
level) of the IRQ0, IRQ1 and IRQ2 interrupts and to enable/
disable interrupt nesting. Setting Bit 0 of ICNTL configures the
IRQ0 as edge sensitive while clearing the bit configures it for
level sensitive.  Bit 1 is used to configure the IRQ1 interrupt and
Bit 2 is used to configure the IRQ2 interrupt. It is recommended
that the IRQ2 interrupt be always configured for level sensitive
as this ensures that no peripheral interrupts are lost. Setting Bit 4
of the ICNTL register enables interrupt nesting. The configura-
tion of both IFC and ICNTL registers is shown at the end of
the data sheet.

Interrupt Operation
Following a reset (with ROMENABLE = 1), the ROM code
monitor of the ADMC401 copies a default interrupt vector table
into program memory RAM from address 0x0000 to 0x005F.
Since each interrupt source has a dedicated four word space in
this vector table, it is possible to code short interrupt service
routines (ISR) in place.  Alternatively, it may be required to
insert a JUMP instruction to the appropriate start address of the
interrupt service routine if more memory is required for the ISR.

On the occurrence of an interrupt, the program sequencer en-
sures that there is no latency (beyond synchronization delay)
when processing unmasked interrupts. In the case of the timer,
SPORT0, SPORT1 and software interrupts, the interrupt con-
troller automatically jumps to the appropriate location in the
interrupt vector table.  At this point, a JUMP instruction to the
appropriate ISR is required.

In the event of a motor control peripheral interrupt, the opera-
tion is slightly different.  For any of the eleven peripheral inter-
rupts, the interrupt controller automatically jumps to location
0x0004 in the interrupt vector table.  In addition, the required
vector address (between 0x0030 and 0x0058) associated with
the particular interrupt source is placed in the PICVECTOR
register of the PIC block.  Code loaded at location 0x0004 by
the monitor on reset subsequently performs a JUMP from loca-
tion 0x0004 to the address specified in the PICVECTOR regis-
ter.  This operation with the PICVECTOR register results in a
slightly longer latency associated with processing any of the
peripheral interrupts, as compared with the latency of the inter-
nal DSP core interrupts.

The code located at location 0x0004 by the monitor on reset is
as follows:

0x0004: DM (I4_SAVE) = I4;
I4 = DM (PICVECTOR);
JUMP (I4);

The default code for each of the motor control peripherals is:

I4 = DM (I4_SAVE);
RTI;

Note that this default restores I4 to its value before the inter-
rupt. The user should replace the RTI with a JUMP to their
ISR.  The PUT_VECTOR ROM subroutine can be used to
replace the RTI with the JUMP.

The PIC block manages the sequencing of the eleven motor
control peripheral interrupts. In the case of multiple simulta-
neous interrupts, the PIC will load the PICVECTOR register
with the vector address of the highest priority pending interrupt.
The contents of the PICVECTOR register will remain fixed
until read by the DSP.  This action is performed by the default
DSP code at location 0x0004.  The PIC block only asserts a
new interrupt after the PICVECTOR register has been read.
For other settings of MMAP and BMODE the user must cor-
rectly configure the vector table.

SYSTEM CONTROLLER
MODECTRL REGISTER
The MODECTRL register controls three important features of
the ADMC401. It internally configures the SPORT1 pins for
boot loading and UART debugging. Dedicated bits in the
MODECTRL register also control the operating mode of the
PWM generation unit (single or double update mode) and the
operating mode of the auxiliary PWM generation unit (indepen-
dent or offset mode).

Two bits of the MODECTRL register control the internal con-
figuration of the SPORT1 pins as illustrated in Figure 34. Bit 4
(DR1SEL) selects which of the two external receive pins (DR1A
or DR1B) is connected to the internal data receive port of the
DSP core. Clearing Bit 4 selects the DR1A pin, whereas setting
Bit 4 selects the DR1B pin. Following reset, Bit 4 is cleared so
that DR1A is selected.

DSP CORE

DR1A

DR1B

TFS1

RFS1/SROM

MODECTRL (5…4)

UARTEN DR1SEL

DT1

DR1

TFS1

RFS1

FL1

ADMC401

DT1

SCLK1 SCLK1

Figure 34. Internal Multiplexing of SPORT1 Pins

Bit 5 (UARTEN) of the MODECTRL register is used to select
between UART and SPORT mode of SPORT1. Setting the
UARTEN bit connects DR1A to the RFS1 input which allows
SPORT1 to be used as a UART port. Additionally, the internal
FL1 flag of the DSP core is connected to the RFS1/SROM pin
of the ADMC401, to be used as a reset for the external serial
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Table VIII. Peripheral Register Map of the ADMC401

Address Name Type Bits Reset Value Function

0x2000–0x2007 Reserved
0x2008 PWMTM R/W [15 . . . 0] 0x0000 PWM Period Register
0x2009 PWMDT R/W [9 . . . 0] 0x0000 PWM Deadtime Register
0x200A PWMPD R/W [9 . . . 0] 0x0000 PWM Pulse Deletion Register
0x200B PWMGATE R/W [9 . . . 0] 0x000 PWM Chopping Control
0x200C PWMCHA R/W [15 . . . 0] 0x0000 PWM Channel A Duty Cycle Control
0x200D PWMCHB R/W [15 . . . 0] 0x0000 PWM Channel B Duty Cycle Control
0x200E PWMCHC R/W [15 . . . 0] 0x0000 PWM Channel C Duty Cycle Control
0x200F PWMSEG R/W [8 . . . 0] 0x000 PWM Crossover and Output Enable
0x2010 AUXCH0 R/W [7 . . . 0] 0x00 Aux. PWM Channel 0 Duty Cycle
0x2011 AUXCH1 R/W [7 . . . 0] 0x00 Aux. PWM Channel 1 Duty Cycle
0x2012 AUXTM0 R/W [7 . . . 0] 0xFF Aux. PWM Channel 0 Period
0x2013 AUXTM1 R/W [7 . . . 0] 0xFF Aux. PWM Channel 1 Period
0x2014 Reserved
0x2015 MODECTRL R/W [8, 6 . . . 4] 0x000 Mode Control Register
0x2016 SYSSTAT R [3 . . . 0] System Status Register
0x2017 Reserved
0x2018 WDTIMER R/W [15 . . . 0] Watchdog Timer Register
0x2019–0x201B Reserved
0x201C PICVECTOR R [15 . . . 0] Peripheral Interrupt Address
0x201D PICMASK R/W [10 . . . 0] 0x000 Peripheral Interrupt Mask Register
0x201E–0x201F Reserved
0x2020 EIUCNT R/W [15 . . . 0] 0x0000 Position Count Value
0x2021 EIUMAXCNT R/W [15 . . . 0] 0x0000 Maximum EIUCNT Value
0x2022 EIUSTAT R [7 . . . 0] EIU Status Register
0x2023 EIUCTRL R/W [8 . . . 0] 0x000 EIU Control Register
0x2024 EIUPERIOD R/W [15 . . . 0] 0x0000 EIU Loop Timer Period Register
0x2025 EIUSCALE R/W [7 . . . 0] 0x00 EIU Loop Timer Scale Register
0x2026 EIUTIMER R/W [15 . . . 0] 0x0000 EIU Loop Timer Register
0x2027 EETCNT R [15 . . . 0] 0x0000 Latched Copy of EIUCNT
0x2028 EIUFILTER R/W [5 . . . 0] 0x00 EIU Filter Control Register
0x2029 EIZLATCH R [15 . . . 0] EIZ Latch Register
0x202A EISLATCH R [15 . . . 0] EIS Latch Register
0x202B–0x202F Reserved
0x2030 ADC0 R [15 . . . 0] ADC0 Data Register
0x2031 ADC1 R [15 . . . 0] ADC1 Data Register
0x2032 ADC2 R [15 . . . 0] ADC2 Data Register
0x2033 ADC3 R [15 . . . 0] ADC3 Data Register
0x2034 ADC4 R [15 . . . 0] ADC4 Data Register
0x2035 ADC5 R [15 . . . 0] ADC5 Data Register
0x2036 ADC6 R [15 . . . 0] ADC6 Data Register
0x2037 ADC7 R [15 . . . 0] ADC7 Data Register
0x2038 ADCCTRL R/W [4 . . . 3,0] 0x00 ADC Control Register
0x2039 ADCSTAT R [4 . . . 0] ADC Status Register
0x203A Reserved
0x203B ADCXTRA R [15 . . . 0] Extra ADC Data Register
0x203C ADCOTR R [7 . . . 0] ADC Out of Range Register
0x203D–0x203F Reserved
0x2040 PIOLEVEL R/W [11 . . . 0] 0x000 PIO Interrupt Select
0x2041 PIOMODE R/W [11 . . . 0] 0x000 PIO Interrupt Edge/Level Select
0x2042 PIOPWM R/W [11 . . . 0] 0xFFF PIO PWMTRIP Enable Register
0x2043 Reserved
0x2044 PIODIR R/W [11 . . . 0] 0x000 PIO Direction Control
0x2045 PIODATA R/W [11 . . . 0] PIO Data Register
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00000000

00 DM (0x2038)

CONVERT
START

ADCCTRL (R/W)

1 = EXTERNAL (CONVST)
0 = INTERNAL (PWMSYNC)

ADCOTR (R)

DM (0x203C)

0 = IN RANGE
1 = OUT OF RANGE

ADC0 (R)
ADC1 (R)
ADC2 (R)
ADC3 (R)
ADC4 (R)
ADC5 (R)
ADC6 (R)
ADC7 (R)
ADCXTRA(R) DM (0x2030)

DM (0x2031)
DM (0x2032)
DM (0x2033)
DM (0x2034)
DM (0x2035)
DM (0x2036)
DM (0x2037)
DM (0x203B)

DM (0x2039)

ADCSTAT (R)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0000

ADC DATA

ADC0 OTR

ADC1 OTR

ADC3 OTR

ADC2 OTR

ADC7 OTR

ADC6 OTR

ADC4 OTR

ADC5 OTR

0 = IN RANGE
1 = OUT OF RANGE

0

00 = SIMULTANEOUS SAMPLING
01 = SEQUENTIAL SAMPLING
10 = OFFSET CALIBRATION
11 = GAIN CALIBRATION

ADC
MODE

ADC0 & ADC4

ADC1 & ADC5

ADC3 & ADC7

ADC2 & ADC6

0 = DATA REGISTERS NOT VALID
1 = DATA REGISTERS VALID

ADCXTRA OTR0 = IN RANGE
1 = OUT OF RANGE

00000000 000 00

00000000 000

Figure 35. Structure of Registers of the ADMC401

Default bit values are shown; if no value is shown, the bit field is undefined at reset. Reserved bits are shown on a gray field—these
bits should always be written as shown.
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PIOLEVEL (R/W)

DM (0x2040)

0 = FALLING EDGE (PIOMODE = 0)
   = ACTIVE LOW (PIOMODE = 1)
1 = RISING EDGE (PIOMODE = 0)
   = ACTIVE HIGH (PIOMODE = 1)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

000000000000

DM (0x2041)0 = EDGE SENSITIVE
1 = LEVEL SENSITIVE

PIOMODE (R/W)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

000000000000

DM (0x2042)
0 = PWM TRIP DISABLE
1 = PWM TRIP ENABLE

PIOPWM (R/W)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1111 1111 1111

DM (0x2044)
0 = INPUT
1 = OUTPUT

PIODIR (R/W)

000000000000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0000

PIOFLAG (R)

DM (0x2047)0 = NO INTERRUPT
1 = INTERRUPT FLAGGED

DM (0x2046)

PIOINTEN (R/W)

0 = INTERRUPT DISABLE
1 = INTERRUPT ENABLE

DM (0x2045)0 = LO LEVEL
1 = HI LEVEL

PIODATA (R/W)

0000

0000

0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0000

00000000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0000

0000

Figure 39. Structure of  Registers of ADMC401

Default bit values are shown; if no value is shown, the bit field is undefined at reset. Reserved bits are shown on a gray field—
these bits should always be written as shown.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 0 0 00 DM (0x2011)

ADC END OF CONVERSION

PWMSYNC

EIU LOOP TIMER TIMEOUT

PIO4 - PIO11 INTERRUPT

EIU COUNT ERROR INTERRUPT

DM (0x201D)

PICMASK (R/W)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 0 0 00

DM (0x2012)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DM (0x2013)

0 = DISABLE INTERRUPT (MASK)
1 = ENABLE INTERRUPT

PWM TRIP INTERRUPT

PIO3 INTERRUPT

PIO2 INTERRUPT

PIO1 INTERRUPT

PIO0 INTERRUPT

ETU INTERRUPT

11111111

0 00

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 0 0 00

AUXCH0 (R/W)

DM (0x2010)

11111111

TON, AUX0 = 2 � AUXCH0 �  tCK

AUXTM0 (R/W)

AUXTM1 (R/W)

TAUX1 = 2 � AUXCH1 �  tCK

TON, AUX0 = 2 � (AUXTM0+1) �  tCK

TAUX1 = 2 � (AUXTM1+1) �  tCK IN INDEPENDENT MODE

TOFFSET = 2 � (AUXTM1+1) �  tCK IN OFFSET MODE

AUXCH1 (R/W)

0 0 0 000 00

0 0 0 000 00

0 0 0 000 00

0 0 0 000 00

00 00 0

Figure 41. Structure of  Registers of ADMC401

Default bit values are shown; if no value is shown, the bit field is undefined at reset. Reserved bits are shown on a gray field—
these bits should always be written as shown.
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ADMC401

–56–

DM (0x3FFC)

TPERIOD (R/W)
TCOUNT (R/W)
TSCALE (R/W)

DM (0x3FFD)

DM (0x3FFB)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0000000 0

SSTAT (R)

PC STACK EMPTY
PC STACK OVERFLOW
COUNT STACK EMPTY
COUNT STACK OVERFLOW
STATUS STACK EMPTY
STATUS STACK OVERFLOW
LOOP STACK EMPTY
LOOP STACK OVERFLOW

7 6 5 4 3 2 1 0

10101010

MSTAT (R/W)
6 5 4 3 2 1 0

0000000 DSP REGISTER

DATA REGISTER BANK SELECT
0 = PRIMARY, 1 = SECONDARY

BIT REVERSE MODE ENABLE (DAG1)

ALU OVERFLOW LATCH MODE ENABLE

AR SATURATION MODE ENABLE

MAC RESU PLACEMENT
0 = FRACTIONAL,LT 1 = INTERGER

TIMER ENABLE

GO MODE ENABLE

SYSCNTL (R/W)

PWAIT
PROGRAM MEMORY
WAIT STATES

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BPAGE
BOOT PAGE SELECT

BWAIT
BOOT WAIT STATES

BFORCE
BOOT FORCE BIT

SPORT0 ENABLE
1 = ENABLE, 0 = DISABLED

10100000 11 111000 DM (0x3FFF)

SPORT1 ENABLE
1 = ENABLE, 0 = DISABLED

SPORT1 CONFIGURE
1 = SERIAL PORT

0 = FI, FO, IRQ0, IRQ1, SCLK

AZ ALU RESULT ZERO
AN ALU RESULT NEGATIVE
AV ALU OVERFLOW
AC ALU CARRY
AS ALU X INPUT SIGN
AQ ALU QUOTIENT
MV MAC OVERFLOW
SS SHIFTER INPUT SIGN

7 6 5 4 3 2 1 0

ASTAT (R/W)

00000000 DSP REGISTER DSP REGISTER

Figure 44 Structure of Registers of ADMC401

Default bit values are shown; if no value is shown, the bit field is undefined at reset. Reserved bits are shown on a gray field—these
bits should always be written as shown.
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SPORT1_SCLKDIV (R/W)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DM (0x3FF1)

SPORT1_RFSDIV (R/W)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DM (0x3FF0)

RBUF
RECEIVE AUTOBUFFER ENABLE

TBUF
TRANSMIT AUTOBUFFER ENABLE

RMREG
RECEIVE M REGISTER

RIREG
RECEIVE I REGISTER

TMREG
TRANSMIT M REGISTER

TIREG
TRANSMIT I REGISTER

XTALDELAY
4096 CYCLE DELAY ENABLE

1 = DELAY, 0 = NO DELAY

PDFORCE
POWERDOWN FORCE

PUCR
POWERUP CONTEXT RESET ENABLE
1 = SOFT RESET (CONTEXT CLEAR),

 0 = RESUME EXECUTION

SPORT1_AUTOBUF_CTRL (R/W)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DM (0x3FEF)0 0 0 0 0 0

SPORT1_CTRL_REG (R/W)

FLAG OUT (READ ONLY)

IINTERNAL SERIAL CLOCK GENERATION ISCLK

RECEIVE FRAME SYNC REQUIRED RFSR

RECEIVE FRAME SYNC WIDTH  RFSW

TRANSMIT FRAME SYNC REQUIRED TFSR

TRANSMIT FRAME SYNC  WIDTH TFSW

ITFS  INTERNAL TRANSMIT FRAME SYNC ENABLE

SLEN  SERIAL WORD LENGTH

DTYPE  DATA FORMAT
00 = RIGHT JUSTIFY, ZERO-FILLED UNUSED MSBS
01 = RIGHT JUSTIFY, SIGN EXTEND INTO UNUSED MSBS
10 = COMPAND USING �-LAW
11 = COMPAND USING A-LAW

0000000 00 000000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

INVRFS  IINVERT RECEIVE FRAME SYNC

INVTFS INVERT TRANSMIT FRAME SYNC

IRFS  INTERNAL RECEIVE FRAME SYNC ENABLE

DM (0x3FF2)

Figure 47. Structure of Registers of ADMC401

Default bit values are shown; if no value is shown, the bit field is undefined at reset. Reserved bits are shown on a gray field—these
bits should always be written as shown.


