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SECTION IX

INTERFACING ADCs AnD DACs TO

DiciTAL SIGNAL PROCESSORS

As the technology in the rapidly growing
field of Mixed Signal Processing evolves,
more highly integrated DSP products are
being introduced (such as the ADSP-
21msp50) which contain on-chip ADCs and
DACs as well as the DSP, thereby eliminat-
ing most component-level interface problems.
Stand-alone ADCs and DACs are now avail-
able with interfaces especially designed for
DSP chips, thereby minimizing or eliminat-

ing external interface support or glue logic.
High performance sigma-delta ADCs and
DACs are currently available in the same
package (called a codec or coder/decoder)
such as the ADSP-28msp02. These products
are also designed to require minimum glue
logic when interfacing to the most common
DSP chips. This section discusses the vari-
ous data transfer and timing issues associ-
ated with the various interfaces.

PARALLEL INTERFACING TO DSP PROCESSORS:
READING DATA FROM MEMORY-MAPPED PERIPHERAL ADCs

Interfacing an ADC or a DAC to a fast
DSP parallel bus (such as the ADSP-2101,
ADSP-2100, or the TMS320C25) requires an
understanding of how the DSP processor
reads data from a memory-mapped periph-
eral (the ADC) and how the DSP processor
writes data to a memory-mapped peripheral
(the DAC). We will first consider some gen-
eral timing requirements for reading and
writing data.

A block diagram of a typical parallel DSP
interface to an external ADC is shown in
Figure 9.1. This diagram has been greatly
simplified to show only those signals associ-
ated with reading data from an external
memory-mapped peripheral device. The
timing diagram for the ADSP-2101 read-cycle
is shown in Figure 9.2.

The read process begins when the periph-
eral device (such as an ADC) asserts the
processor interrupt request line IRQ). The
processor then places the address of the
peripheral initiating the interrupt request on
the memory address bus (AQ - A13). At the
same time, the processor asserts the data

memory select line (DMS). The two internal
address buses of the ADSP-2101 (program
memory address bus and data memory
address bus) share a single external address
bus, and the two internal data buses (pro-
gram memory data bus and data memory
data bus) share a single external data bus.
The boot memory select (BMS), data memory
select (DMS), and program memory select
(PMS) signals indicate which memory space
the external buses are being used for. These
signals are typically used to enable an
external address decoder as shown in Figure
9.1. The output of the address decoder drives
the chip select input of the peripheral device.
The memory read (RD) is asserted t, ns
after the DMSbar line is asserted. The sum
of the address decode delay plus the periph-
eral chip select setup time should be less
than t,. in order to take full advantage of
the time the RD low-time. The RD line
remains low for t,, ns. The memory read
signal is used to enable the tri-state parallel
data outputs of the peripheral device. The
RD line is connected to the appropriate pin
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ADC/ADSP-2101 PARALLEL INTERFACE
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on the peripheral device usually called output bus must remain valid for t;, .. ns, the data
enable or read. The rising edge of the RD hold time. In the case of the KEDSP 2101,
signal is used to clock the data on the data this value is Ons.

bus into the DSP processor. After the rising The key timing requirements for the
edge of the RD signal, the data on the data peripheral device are shown in Figure 9.3.

PARALLEL PERIPHERAL DEVICE READ INTERFACE
KEY REQUIREMENTS

Peripheral Device Data Outputs Must Be Tri-State
| Address Decode Delay Plus Peripheral Chip Select Setup Time

Must Be Less Than Address and Data Memory Setup Times

(5ns min for ADSP-2101)
[ | Access Time from Negative-Going Edge of Memory Read Pulse
(RD) Until Output Data Valid Must be Less than t__
(25ns max for ADSP-2101 Operating at 12.5MHz). Otherwise Software
Wait States Must be Added, or Processor Clock Frequency Reduced.
Output Data Must Remain Valid for t_, (Ons for ADSP-2101)
E Peripheral Device Must Accept Minimum Output Enable PulseWidth of
t_. (30ns for ADSP-2101 Operating at 12.5MHz).

Figure 9.3
The tgp,p, specification determines the added or the processor speed reduced. The
penphera]i device data access requirement. relationship between these parameters for
In the case of the ADSP-2101, t;, = 25ns the ADSP-2101 is given by the following
minimum. If the access time of the periph- equations:

eral is greater than this, wait states must be

ADSP-2101 PARALLEL READ TIMING m

[ t,.x = Address and Data Memory Select Setup Before
READ DATA low

& t,en = 0.25t, - 15ns Minimum

® t ., = READ DATA LOW to Data Valid

H t.« = Processor Clock Period (80ns Minimum)
| t, = 0.5t - 15ns + # wait states+ t, Maximum

Figure 9.4
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The ADSP-2101 can easily be interfaced to
slow peripheral devices using its program-
mable wait state generation capability.

Three registers control wait state generation
for Boot, Program, and Data Memory inter-
faces. You can specify 0 to 7 wait states for
each parallel memory interface. Each wait
state added increases the allowable external

ParariLeL ADC 1o DSP INTERFACE

The conversion process in a sampling ADC
is initiated by a pulse often called the encode
command, or start-convert. The leading (or
trailing) edge of this pulse causes the inter-
nal ADC sample-and-hold to switch from the
sample mode to the hold mode so that the
conversion process can take place. Extreme
care must be taken in order to insure that
this pulse is both jitter-free and noise-free.
Any sample-to-sample variation in the occur-
rence of this edge has the same effect as
aperture jitter and will produce a correspond-
ing degradation in the overall ADC signal-to-
noise ratio. For this reason, the start-convert
signal is usually generated by a stable source
external to the DSP processor.

The various timing pulses required to
carry out the actual internal conversion
process (after receipt of the convert-start
command) may be generated in several ways
depending upon the individual ADC design.
In some ADCs, the convert-start pulse trig-
gers an internal oscillator or timing chain
which in turn controls the conversion. In
other ADCs, a user-supplied asynchronous
external clock is required.

At some point in time after the convert-
start pulse edge, the internal ADC conversion
process is completed. In the case of a paral-
lel-output ADC, a single pulse called data
valid, data ready, read data, conversion

data memory access time by an amount
equal to the processor clock period (80ns for
the ADSP-2101 operating at 12.5MHz). The
Data Memory Address, DMS, and RD lines
are all held stable for an additional amount
of time equal to the duration of the wait
states.

complete, end-of-conversion,or busy /interrupt
is asserted. This pulse is used to drive an
interrupt request input of the DSP processor
as shown in the ADC/DSP parallel interface
in Figure 9.5. The DSP then places the
address of the ADC on the data memory
address bus and asserts the data memory
select line which in turn enables the address
decoder. The chip select input to the ADC is
then asserted along with the read data line
from the DSP. The read data line is con-
nected to the read input of the ADC. Assert-
ing the read line to the ADC enables the tri-
state parallel outputs which are connected to
the data memory data bus. The DSP then
reads the ADC data into an internal register
on the rising edge of the read data pulse. In
order for the circuit shown in Figure 9.5 to
operate properly, the timing between the two
devices must be made compatible. This will
be illustrated by considering a representative
example of the ADSP-2101 processor inter-
faced to the AD7871 ADC.

The AD7871 is a 14 bit, 83kSPS ADC
which can operate in either the parallel or
serial mode. A functional block diagram of
the AD7871 is shown in Figure 9.6. The key
interface timing specifications for the two
devices are compared in Figure 9.7. Specifi-
cations for the ADSP-2101 are given for a
clock frequency of 12.5MHz.
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ADC/ADSP-2101 PARALLEL INTERFACE

ADSP-2101
(12.5MHz CLOCK) @ @ ADC
MEMORY [ 0o CLOCK CONVERT START
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/£
/
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Figure 9.5

AD7871 14-BIT, 83 kSPS ADC FUNCTIONAL DIAGRAM
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ADSP-2101 AND AD7871 PARALLEL READ INTERFACE
TIMING SPECIFICATIONS

ADSP-2101 PROCESSOR (12.5MHz)

AD7871 ADC

tasr (Data Address, Data Memory

Select Setup Time Before RD Low)
= 5ns min

t2 (CS to RD Setup Time) =
Ons min (Must Add Address Decode
Time to This Value)

tgrp (RD Pulse Width) =
30ns + # wait states = 80ns min

t3 (RD Pulse Width) = 60ns min

trpp (RD Low to Data Valid) = 25ns
+ # wait states « 80ns min

tg (Data Access Time After RD) =
57ns max

trpH (Data Hold from RD High) =
Ons min

t7 (Bus Relinquish Time after RD) =
5ns min

Figure 9.7

Examining the timing specifications
shown in Figure 9.7 reveals that for the
timing between the devices to be compatible,
one software wait state must be programmed
into the ADSP-2101. A simplified interface
diagram for the two devices is shown in
Figure 9.8. The conversion complete signal
from the AD7871 is designated BUSY/INT.

Parallel interfaces with other DSP proces-
sors can be designed in a similar manner by
carefully examining the timing specifications
for all appropriate signals for each device.
The interface between the ADSP-2100 micro-
processor (J-Grade, 6.144MHz Clock) is

shown in Figure 9.9. Interfacing the AD7871

ADC to faster versions of the ADSP-2100

series requires the addition of wait states
using the Data Memory Acknowledge
(DMACK) signal. The DMACK signal indi-
cates that the memory-mapped peripheral is
ready for data transfer. If DMACK is not
asserted when checked by the processor, wait
states are automatically generated until
DMACK is asserted. A detailed description
wait state generation in the ADSP-2100
using the DMACK signal and the external
hardware required is given in Reference 1
(also included at the end of this section).

The parallel interface between the
AD7871 and the TMS32020/C25 is shown in
Figure 9.10.

AD7871 ADC PARALLEL INTERFACE TO ADSP-2101

TIMER

A0-A13" ——Wﬂ- )
I——) CONVST
. EN
- Dms ADDRESS fe3
DECODE +5V
ADSP-2101 _ AD7871
(12.5MHz CLOCK) 14/5CLK
TRa BUSY/INT
b RG
“E“gﬁ?{,;f‘“ va DB0-DB13
~ONE SOFTWARE
WAIT H
AIT STATE Flgure 9.8




INTERFACING ADCs AND DACSs TO DIGITAL SIGNAL PROCESSORS

AD7871 PARALLEL INTERFACE TO ADSP-2100
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Figure 9.9

AD7871 PARALLEL INTERFACE TO TMS320/C25
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PARALLEL INTERFACING TO DSP PROCESSORS:
Writing DATA TO MEMORY-MAPPED DACS

A simplified block diagram of a typical
DSP interface to a peripheral device showing
write-mode signals is shown in Figure 9.11.
The memory-write cycle timing diagram for
the ADSP-2101 is shown in Figure 9.12. The
write process may be initiated by the periph-
eral device by asserting the DSP interrupt
request line indicating that the peripheral is
ready to accept a new parallel data word.
The DSP then places the address of the
peripheral device on the address bus and
asserts the data memory select (DMS) line.
This causes the output of the address
decoder to assert the chip select input to the

peripheral. The write (WR) output of the
DSP is asserted t ns after the
negative-goir_l_g;_e_:dtése of the DMS signal. The
width of the WR pulse is ns. Datais
placed on the data bus (D) and is valid t; ns
before the WR line goes high. The positive-
going transition of the WR line is used to
clock the data on the data bus (D) into the
external parallel memory. The data on the
data bus remains valid for ns after

the positive-going edge of the WR signal.
The key timing requirements for the periph-
eral device are shown in Figure 9.13.

DAC/ADSP-2101 PARALLEL INTERFACE

ADSP-2101
TIMER
(12.5MHz CLOCK) @ DAC
MEMORY / cos
ADDRESS BUS / A @ DAC LATCH
(AO-A13) @ STROBE
DATA MEMORY ADDRESS CHIIP SELECT
SELECT (DMS) DECODE
PROCESSOR @
INTERRUPT
REQUEST (IRG)
(DL ©f
MEMORY WRITE INPUT LATCH
. (WR) STROBE
BUS (D) 7 INPUT

Figure 9.11
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ADSP-2101 MEMORY WRITE TIMING
CLKOUT }l \

AQ0-A13

DMS, PMS Y
X

ASW

A

CWR t

WDE — pi 4_._‘

A

Figure 9.12

PARALLEL PERIPHERAL DEVICE WRITE INTERFACE
KEY REQUIREMENTS

= Address Decode Time Plus Peripheral Chip Select Setup
Time Must be Less Than Address and Data Memory Select
" Setup Time t,, (5ns for ADSP-2101 Operating at 12.5MHz)
Input Data Setup Time Must be Less Than t, (20ns for
ADSP-2101 Operating at 12.5MHz)
= Input Data Hold Time Must be Less Than t_, (10ns for n
ADSP-2101 Operating at 12.5MHz)
u Peripheral Device Must Accept Input Write Clock Pulse
of Width t,, (30ns min for ADSP-2101 Operating at 12.5MHz)
Figure 9.13
. . . processor speed reduced. The relationship
F ;ufring i)g t:lri %ﬁ;&?ﬁ?iﬁ;ﬁ:ﬁﬁﬁﬁm between these p?ftran'leterS for the ADSP-
device, wait states must be added or the 2101 are shown in Figure 9.14.
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ADSP-2101 PARALLEL WRITE TIMING

| t. = Processor Clock Period (80ns Minimum)

| t,sw = Address and Data Memory Select Time Before

R Low = 0.25t, -15ns Minimum

E t, =Data Setup Before WR High = 0.5t_, - 20ns +

#Wait States « t_,

& t,,, = Data Hold After WR High = 0.25t_, - 10ns

B t,» = WR Pulse Width = 0.5t -10ns + #Wait States= t_,

Figure 9.14

The ADSP-2101 can easily be interfaced to
slow peripheral devices using its program-
mable wait state generation capability which
causes the Memory Address, DMS, WR, and

Pararrer DAC 1o DSP INTERFACE

A typical parallel interface between a DSP
and a DAC is shown in Figure 9.15. In most
DSP applications the DAC is operated con-
tinuously from a stable clock source which is
external to the DSP processor. The DAC
should have double buffering: an input latch
to handle the asynchronous DSP interface,
and a second latch which drives the DAC
current switches. The DAC latch strobe is
derived from the external stable clock. In
addition to clocking the DAC latch, the DAC
latch strobe is also used to generate a proces-
sor interrupt which indicates the DAC is
ready for new input data. The processor then
asserts the data memory select line and
places the DAC address on the memory
address bus. The DAC chip select is then
asserted, and the data memory write line
loads the next data word on the data memory

IX-10

Data Output lines to remain stable for an
amount of additional time equal to the
duration of the wait states.

data bus into the DAC input latch. This
completes the write cycle, and the DAC is
now ready to receive the next DAC latch
strobe from the external source. In order for
the circuit shown in Figure 9.15 to operate
properly, the timing between the two devices
must be made compatible. This will be
illustrated by considering a representative
example of the ADSP-2101 processor inter-
faced to the AD7840 DAC.

The AD7840 is a 14 bit 100kSPS DAC
which has both parallel and serial interface
capability. Ablock diagram of the device is
shown in Figure 9.16. The key interface
timing specifications for the two devices are
compared in Figure 9.17. Specifications for
the ADSP-2101 are given for a clock fre-
quency of 12.5MHz.
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DAC/ADSP-2101 PARALLEL INTERFACE
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ADSP-2101 AND AD7840 PARALLEL WRITE INTERFACE
TIMING SPECIFICATIONS

ADSP-2101 PROCESSOR (12.5MHz)

AD7840 DAC

tasw (Address and Data Memory

Select Setup Before WR Low
= 5ns min

ty = CS to WR Setup Time
= 0ns min

(Must Add Address Decode Time)

twp (WR Pulse Width) =
30ns + # wait states » 80ns min

t3 (WR Pulse Width) = 45ns min

tow (Data Setup Before WR High)
= 20ns + # wait states * 80ns min

t4 (Data Valid to WR Setup Time) =

21ns min

tpy (Data Hold After WR High)
= 10ns

t5 (Data Valid to WR Hold Time) =

10ns min

Examining the timing specifications
shown in Figure 9.17 reveals that for the
timing between the devices to be compatible,
at least one software wait state must be
programmed into the ADSP-2101. A simpli-
fied interface diagram for the two devices is

shown in Figure 9.18.

Parallel interfaces with other DSP proces-
sors can be designed in a similar manner by
carefully examining the timing specifications

Figure 9.17

The interface between the ADSP-2100 micro-
processor (clock speeds up to 8.192MHz) is
shown in Figure 9.19. Interfacing the
AD7840 to the ADSP-2100A at clock speeds
of greater than 8.144MHz requires the
addition of wait states using the ADSP-2100
DMACK signal as described in Reference 1.
The parallel interface between the
AD7840 DAC and the TMS32020/C25 is
shown in Figure 9.20.

for all appropriate signals for each device.

AD7840 DAC PARALLEL INTERFACE TO ADSP-2101

A0-A13"

TIMER

*

DMS

- ADSP-2101
12.5MHz CLOCK

IRQ

LDAC

ADDRESS |,
DECODE

WR

MEMORY DATA

Do-D13

BUS D*

*ONE SOFTWARE
WAIT STATE

IX-12

Figure 9.18

AD7840
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AD7840 PARALLEL INTERFACE TO ADSP-2100

CLOCK
< 8.192 MHz TIMER
DMA14
ADDRESS BUS (
DMAQ
J 4 i
ADSP-2100 o [DAC
DECODE _
. cs
bmMs EN AD7840*
RGn
DMWR & WR
D13
DO
DMD15
DATA BUS g
DMDO
*ADDITIONAL PINS OMITTED FOR CLARITY.

Figure 9.19

AD7840 PARALLEL INTERFACE TO TMS32020

TIMER
A15 [
ADDRESS BUS K
A0 j L
TMS32020 ADDR LDAC
DECODE -
_ L cs
18 EN AD7840*
INTn
STRB —
o] >
D13
Do
D15
DATA BUS S
Do

*ADDITIONAL PINS OMITTED FOR CLARITY.

Figure 9.20
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SERIAL INTERFACING TO DSP PROCESSORS

DSP processors which have serial ports
(such as the ADSP-2101, DSP56000, and the
TMS32020/C25) provide a simple interface to
peripheral ADCs and DACs. Use of the serial
port eliminates the need for using large
parallel buses to connect the ADCs and DACs
to the DSP. In order to understand serial
data transfer better, we will first examine
the serial port operation of the ADSP-2101.

A block diagram of one of the two serial
ports of the ADSP-2101 is shown in Figure
9.21. The Transmit (TX) and Receive (RX)
registers are identified by name in the ADSP-
2101 assembly language, not memory
mapped.

In the receiving portion of the serial port,
the Receive Frame Synchronization (RFS)
signal initiates reception. The serial Receive
Data (DR) from the external device (ADC) is
transferred into the Receive Shift Register
one bit at a time. The negative-going edge of
the Serial Clock (SCLK) is used to clock the
serial data from the external device into the
Receive Shift Register. When a complete
word has been received, it is written to the
Receive Register (RX), and the receive inter-
rupt for that serial port is generated. The
Receive Register is then read by the proces-
SOr.

Writing to the Transmit Register readies
the serial port for transmission. The Trans-
mit Frame Synchronization (TFS) signal
initiates transmission. The value in the

IX-14

Transmit Register (TX) is then written to the
internal Transmit Shift Register. The data in
the Transmit Shift Register is sent to the
peripheral device (ADC) one bit at a time,
and the positive-going edge of the Serial
Clock (SCLK) is used to clock the serial
Transmit Data (DT) into the external device.
When the first bit has been transferred, the
Serial Port generates the transmit interrupt.
The Transmit Register can then be written
with new data, even though the transmission
of the previous data is not complete.

In the normal framing mode, the frame
sync signal (RFS or TFS) is checked at the
falling edge of SCLK. If the framing signal is
asserted, data is available (transmit mode) or
latched (receive mode) on the next falling
edge of SCLK. The framing signal is not
checked again until the word has been trans-
mitted or received. In the alternate framing
mode, the framing signal is asserted in the
same SCLK cycle as the first bit of a word.
The data bits are latched on the falling edge
of SCLK, but the framing signal is checked
only on the first bit. Internally-generated
framing signals remain asserted for the
length of the serial word. The alternate
framing mode of the serial port in the ADSP-
2101 is normally used to receive data from
ADCs and transmit data to DACs.

The key features of the ADSP-2101 serial
ports are summarized in Figure 9.22.
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ADSP-2101 SERIAL PORT BLOCK DIAGRAM

DMD Bus 16

‘Companding
Hardware

TXn RXn
Transmit Data Register <:> <:> Recelve Data Register
16 )
16
Serial

lTransm|t Shift Register Control Receive Shift Register l

!
Internal
Serlal
Clock

Generator
DT TFS SCLK

Vi

Figure 9.21

RFS DR

P

ADSP-2101 SERIAL PORTS KEY FEATURES

B Separate Transmit and Receive Sections for Each Port

& Double-Buffered Transmit and Receive Registers

[ | Serial Clock Can Be Internally (up to 6.25MHZ) or
Externally (up to 12.5MHz) Generated

B Transmit and Receive Frame Sync Signals Can be
Externally or Internally Generated

&8 Serial Data Words of 3 to 16 Bits Supported

[ | Automatically Generated Processor Interrupts

| Hardware Companding Capability

Figure 9.22

SERrIAL ADC 10 DSP INTERFACE

A timing diagram of the ADSP-2101 serial the MSB data from the ADC into the serial

port operating in the receive mode (alternate
framing) is shown in Figure 9.23. The first
negative-going edge of the SCLK to occur
after the rising edge of the RFS input clocks

input latch. The process continues until all
serial bits have been transferred into the
serial input latch. The key timing specifica-
tions of concern are the serial data setup

IX-15
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(tyes) and hold times (ty,;) with respect to the
negative-going edge of the SCLK. In the
case of the ADSP-2101, these values are both
10ns minimum. The RFS setup and hold
times are also 10ns, respectively. Most
peripheral ADCs will have no trouble meet-
ing these specifications, even at the maxi-
mum serial data transfer rate of 12.5MHz.
The AD7872 ADC is a 14 bit, 83kSPS
serial-only version of the AD7871. Ablock
diagram of the device is shown in Figure
9.24. The device operates on a 2MHz exter-
nal or internal clock. Figure 9.25 shows the
AD7872 interfaced to the ADSP-2101. The
timing diagram of the AD7872 is shown in
Figure 9.26. The SSTRBbar signal is active-
low, so the ADSP-2101 must be programmed
to accept an inverted RFS input. The serial
clock operates at a frequency of 2MHz (500ns
period). The serial clock can be programmed
for either continuous or gated operation. In
this example, it operates in the continuous
mode. The data bits are valid t,, ns (155ns
max) after the positive-going edges of SCLK.
This allows a setup time of 250 - 155 = 95ns
minimum before the negative-going edges of
SCLK. The hold-time after the negative-

going edge of SCLK 1is therefore at least
equal to one-half the clock period, or 250ns.
The positive-going edge of the SSTRB
signal occurs t , ns (140ns max) after the
positive-going edge of SCLK after the last
data bit is transferred. This allows 250 - 140
= 110ns minimum before the next negative-
going edge of SCLK. These simple calcula-
tions show that the data and RFS setup and
hold requirements of the ADSP-2101 (10ns)
are met with considerable margin.

The ADSP-2101 can be easily pro-
grammed to generate the 2MHz serial clock
for the AD7872 if desired. Details can be
found in the ADSP-2101 User’s Manual/
Architecture. The Convert Start (CONVST)
signal is generated externally to the AD7872
from a stable clock source which is asynchro-
nous to the Serial Clock.

The serial interface between the AD7872
and the DSP56000 is shown in Figure 9.27,
and the interface with the TMS32020/C25 is
shown in Figure 9.28. The simple interfaces
shown to the three DSP processors are
referred to as zero-chip interfaces because no
additional glue logic is required.

ADSP-2101 SERIAL PORT RECEIVE TIMING

tSCHZ 10ns
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|
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BIT n
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:
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[
|
T
L$B
|

Figure 9.23
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AD7872 14-BIT, 83kSPS SERIAL OUTPUT ADC
BLOCK DIAGRAM

AGND  Cger REFOUT Vi Voo Voo

TRACK/HOLD

3V
REFERENCE

i

SAR+

CLK Csb——

COUNTER
1 L7
CONTROL CONTROL V4
e - LOGIC SERIAL
CONVST —— INTERFACE AD7872

SSTRB SCLK SDATA DGND Vg

Figure 9.24

AD7872 SERIAL INTERFACE TO ADSP-2101

+5V @’ AD7872
CONVST
ADSP-2101/
ADSP-2102 |50 % 03 bl _g:,_ CONTROL
RFS < SSTRB
SCLK SCLK
DR SDATA

*ADDITIONAL PINS OMITTED FOR CLARITY.

Figure 9.25

IX-17



—
MxeD S1GNAL PROCESSING DESIGN SEMINAR

AD7872 ADC SERIAL INTERFACE TIMING
T e L

SERIAL DATA

Figure 9.26

AD7872 SERIAL INTERFACE TO DSP56000

+5V AD7872
TIMER CONVST
DSP56000 S22k ‘7— CONTROL
SCK & SCLK
SRD SDATA

*ADDITIONAL PINS OMITTED FOR CLARITY.

Figure 9.27
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AD7872 SERIAL INTERFACE TO TMS32020/C25

+5V

TMS32020/C25

FSR

AD7872

CONVST
CONTROL

CLKR

SSTRB
SCLK

DR

SDATA

*ADDITIONAL PINS OMITTED FOR CLARITY.

Figure 9.28

SERIAL DAC 1o DSP INTERFACE

A timing diagram of the ADSP-2101 serial
port operating in the alternate framing
transmit mode (with internally generated
Transmit Frame Sync) is shown in Figure
9.29. The first negative-going edge of the
SCLK to occur after the rising edge of the
TFS output clocks the MSB data from the
serial port into the DAC serial input latch.
The process continues until all serial bits
have been transferred into the DAC serial
input latch. The key timing specifications of
concern are the data output setup and hold
times with respect to the negative-going edge
of the SCLK. The ADSP-2101 specifies that
the TFS output will be a valid high t_; ns
(15ns max) after the positive-going edge of
SCLK. The serial transmit data is valid ty.,
ns (25ns max) after the positive-going edge of
SCLK. Due to the high speed of the serial
port interface of the ADSP-2101, data setup
and hold times are therefore approximately
equal to one-half the period of the serial clock
for clock rates up to 12.5MHz.

The AD766 is a 16 bit serial DAC which
can operate at sample rates up to 500kSPS
and is fully specified in terms of both dc and
ac parameters such as THD and SNR. A
block diagram of the device is shown in
Figure 9.30. Data is transmitted to the
AD766 in a bit stream composed of 16 bit
words with a serial, MSB first format. Three
signals must be present to achieve proper
operation: the data, clock, and latch enable
signals. Input data bits are clocked into the
input register on the falling edge of the clock
signal. The LSB is clocked in on the 16th
clock pulse. When all data bits are loaded, a
low-going latch-enable pulse updates the
DAC input. Figure 9.31 illustrates the
general signal requirements for data transfer
for the AD766. Data setup and hold-times
(with respect to the negative-going SCLK
edge) are each 15ns. The negative-going
edge of the latch enable must occur at least
15ns before the negative-going edge of SCLK.
These detailed timing requirements are
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ADSP-2101 SERIAL PORT TRANSMIT TIMING
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Figure 9.29

AD766 16-BIT, 500kSPS DSP DAC

FUNCTIONAL DIAGRAM

Vg E ® \_/ E %
~ DGND E E TRIM
v [3] bl s 14] MsB ADJ
NC E qiep 13| lout -
16-BIT

CLK E LATCH + 1_3_] AGND
Mol a-h

DATA E > REGISTER 10] Re

v [5] AD766 9] vour

NC = NO CONNECT

Figure 9.30
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AD766 DAC SIGNAL REQUIREMENTS

o YEOOCCOCOCOOCOCOR
s\ 007777777 |

Figure 9.31

AD766 TIMING REQUIREMENTS
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Figure 9.32
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illustrated in Figure 9.32. These timing
requirements are compatible with the serial
ports of popular DSP processors. The AD766
input clock can run at a 12.5MHz rate. This
clock rate will allow sampling rates up to

500kSPS.

The ADSP-2101 incorporates two complete
serial ports which can be directly interfaced

IX-22

to the AD766 as shown in Figure 9.33. Using
both serial ports, two AD766’s can be directly
interfaced with no additional hardware. The
zero-chip interface to the TMS320C25 is
shown in Figure 9.34. The maximum serial
clock rate for the TMS320C25 is 5MHz.
Figure 9.35 shows the serial interface to the
DSP56000/56001.

AD766 SERIAL INTERFACE TO ADSP-2101

SCLK

TFS

DT

ADSP-2101

SCLK
TFS

DT

CLK

LE AD766

DATA Vour

CLK

LE AD766

DATA Vour
Figure 9.33

AD766 SERIAL INTERFACE TO TMS320C25

™S
320C25

CLKX
FSX
DX

ax \
LE AD766

DATA Vour

Figure 9.34
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AD766 SERIAL INTERFACE TO DSP56000

DSP
56000/56001

SCK

SC2

STD

CLK

LE
DATA

AD766
/VOUT

Figure 9.35

INTERFACING I/O Ports anp CODECs To DSPs

Since most DSP applications require both
an ADC and a DAC, I/O Ports and Codecs
have been developed which integrate the two
functions on a single chip as well as provide
easy-to-use interfaces to standard DSPs.

A functional block diagram of the AD7868
12 bit, 83kSPS I/O Port is shown in Figure
9.36. The AD7869 is a 14 bit I/O Port which
is functionally equivalent to the AD7868.
These devices are fully specified in terms of
ac and dc performance. The SNR (including
distortion) of the AD7868 is 72dB, while the

AD7869 is 82dB. Both devices provide

simple interfaces to the serial ports of stan-
dard DSP microcomputers such as the ADSP-
2101 (see Figure 9.37), TMS3020/C25, and

the DSP56000. .

The ADSP-28msp02 is a complete voice-
band codec (ADC and DAC) based on sigma-
delta technology. Ablock diagram is shown
in Figure 9.38. The device provides a com-
plete analog front end for high performance
voiceband DSP applications. Key features of

the device are given in Figure 9.39.
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AD7868 12-BIT, 83kSPS I/O PORT
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Figure 9.36

AD7868 I/0 PORT INTERFACE TO ADSP-2101

TIMER = CONVST
CONTROL
-5V
ADSP-2101/ L5y
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oT & DT
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Figure 9.37
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ADSP-28msp02 SIGMA-DELTA VOICEBAND CODEC

Ve NORM
Vi NORM ENCODER
16 - BIT SIGMA - DELTA ADC
| Lo SOOFS
ANALOG 1 | ANTI- ALIASING [16 DIGITAL 16
Vg AUX —1 SIGMA - DELTA 1/pm) DECIMATION HIGH PASS |12
MODULATOR |4 4 FILTER 8.0 FILTER 80 [ s00
Vin AUX ——1 MHz kHz KMz
ea— DATA!
CNTAL
_..I CONTROL SERIAL
BANDGAP
© Vaerour REFERENCE o AEGISTER PORT
CODER soux
16 - BIT SIGMA - DELTA DAC
Voure HouT ANALOG f DIGITAL | 1g | ANTI-IMAGING | 4 DIGITAL 16
OIFF. AMP SMOOTHING || SIGMA - DELTA Lugt| INTERPOLATION gt HIGH PASS % <o
o~ 4 lall FILTER AND PGA | 1,0 | MODULATOR |10 FILTER 8.0 FILTER 8.0
Voutn 1
MHz MHz kHz kHz
le—SDIFS
Figure 9.38

KEY FEATURES OF THE ADSP-28msp02 SIGMA-DELTA CODEC

16 bit 128x Oversampling Sigma-Delta ADC and DAC
On-Chip Antialiasing and Smoothing Filters

On-Chip Input and Output PGAs

8kSPS Sampling Rate

65dB SNR and THD

Easy to Interface to Serial Port of Standard DSP Chips
24-pin DIP/SOIC Package ’

Single +5V Supply, 100mW Power Dissipation

Ideal for Voiceband Applications

Figure 9.39
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Compared to traditional m-law and A-law
codecs, the ADSP-28msp02’s linear coded
ADC and DAC maintain wide dynamic range
throughout the transfer function. The en-
coder side of the device consists of two se-
lectable analog input amplifiers and a sigma-
delta ADC. The gain of the input amplifiers
can be adjusted with the use of external
resistors from -12dB to +26dB. A optional
20dB preamplifier can be inserted before the
ADC. The preamplifier and the multiplexer

are configured by bits in the control register.
The decoder consists of a sigma-delta DAC
and a differential amplifier. The output of
the DAC drives an analog smoothing filter
which converts the data into an analog
voltage. The gain of the smoothing filter and
PGA can be adjusted via the control register
from -15dB to +6dB in 3dB steps. The
ADSP-28msp02 easily interfaces to the serial
ports of popular DSP microcomputers such as
the ADSP-2101 as shown in Figure 9.40.

ADSP-28msp02 CODEC SERIAL PORT DSP INTERFACE

ADSP - 28msp02 (|30

(3- STATE) TDATA Dsp

SDIFS

TFS

~ SDO (3-STATE)

ADATA

SPORT

SDOFS

RFS

-

DATA/ CNTRL

FLAG

 SCLK

SCLK

Figure 9.40

SERIAL VERSUS PARALLEL DSP INTERFACE SUMMARY

Some DSP processors such as the ADSP-
2100 support only memory-mapped peripher-
als and have no serial port. Alarge number
of peripheral devices can be connected to the
parallel address and data bus. Each device is
treated as a single location in the data mem-
ory. Anumber of high performance ADCs
and DACs are available with parallel inter-
faces. Data setup and hold specifications,
write and read pulse widths, etc., must be
examined carefully to insure that there are
no interface timing violations. Conflicts
frequently occur because DSP processors are
designed to operate at clock frequencies often

IX-26

exceeding 10MHz, while ADCs and DACs
used in most DSP applications rarely exceed
sampling rates of 500kSPS. These interfac-
ing timing conflicts can usually be resolved
with the addition of software or hardware
wait states.

ADCs which interface to parallel DSPs
must have tri-state outputs so that the data
bus can be shared among other peripherals.
The convert-start signal for the ADC is
generated externally to minimize jitter. The
conversion-complete signal is typically used
to generate an interrupt request to the DSP
processor. Care must be taken in the routing
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of the ADC parallel digital outputs to prevent
digital switching noise from coupling into the
ADC analog input.

DACs which interface to parallel DSPs
must have double-buffered digital inputs.
The latch which drives the DAC switches is
updated continuously with a stable external
clock source. The external clock is also used
to generate an interrupt request to the
processor. The input latch is loaded asyn-
chronously by the DSP processor. Care must
be taken in the routing of the digital input
signals so that they don’t couple into the
DAC analog output.

The serial ports provided on modern DSP
processors provide several advantages when
interfacing to peripheral devices. The inter-

face is simple (three wires) and requires little
or no external glue logic components. Pin
counts are minimized as well as logic switch-
ing noise. The serial port handles data
transmission, reception, and also generates
processor interrupt requests automatically.
Serial clock and frame synchronizing signals
may be generated either internally or exter-
nally.

Serial ADCs and DACs are available
which are compatible with the timing of most
DSP serial ports, and timing conflicts are
rare. The Sigma-Delta and Successive
Approximation ADC architecture are popular
in DSP applications, and also have a serial
output data format.

PARALLEL DSP INTERFACE CHARACTERISTICS

[ Peripherals are Memory-Mapped

H Timing Conflicts May Require Software or Hardware
Wait States

[ | ADCs Must Have Tri-State Outputs

B DACs Must Have Double-Buffered Inputs

B Routing of Digital Signals is Critical for Low Noise

Figure 9.41

SERIAL DSP INTERFACE CHARACTERISTICS

L Three-Wire, Zero-Chip Interface Typical
& Data Transmission, Reception, Processor Interrupts

Handied by Serial Port

[ Serial Clock and Frame Synchronization Signals Generated

internally or Externally

| Sigma-Delta and Successive Approximation ADCs are
Naturally Serial Output Devices

Figure 9.42
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ANALOG
DEVICES

APPLICATION NOTE

ONE TECHNOLOGY WAY ¢ P.0.BOX 9106 * NORWOOD, MASSACHUSETTS 02062-9106 ° 617/329-4700

Wait State Generation on the ADSP-2100 and ADSP-2100A

by Kapriel Karagozyan

INTRODUCTION

The ADSP-2100 microprocessor can interface to a large
number of peripherals (A/D and D/A converters, FIFOs, etc.)
by mapping them onto its data memory address space. Some
of these peripherals may not be able to be accessed within a
single processor cycle. The data memory interface may
require the insertion of hardware wait states during read and/
or write operations to such peripherals. The data memory
acknowledge (DMACK) input is provided on the ADSP-2100
for this interface.

DMACK TIMING

The ADSP-2100 checks the status of the DMACK signal
towards the end of each data memory access cycle. If the
DMACK signal is not asserted high, the processor extends the
current cycle by another full cycle. This extension occurs until
the DMACK signal is sampled high, in which case the access
is completed. When no wait states are needed, it is
recommended that the DMACK input be tied to a logic 1
(always high).

All of the processor address and control lines are held steady
during an extended memory access. The only active output is
CLKOUT. The DMACK input is not checked during instruction
cycles that do not access the data memory.

DMACK should be held high during normal processor
operation. If wait states are desired, external wait state
generation logic must return the DMACK input valid low within
a required time range to ensure that the DMACK low level is
recognized by the processor, which in turn extends the data
memory access. The timing requirements relevant to the
generation of DMACK are provided with the data memory read
and write specifications in the ADSP-2100 Data Sheet. They
are: DMA valid to DMACK valid (#75), DMRD low to DMACK
valid (#74), DMWR low to DMACK valid (#99) and CLKOUT
high to DMACK invalid (#103).

The DMACK input to the processor is internally sampled
shortly before the rising edge of CLKOUT. The minimum
requirement of specification #103 forces the wait state

generation logic to keep the valid DMACK level until the rising
edge of CLKOUT (which occurs once towards the end of every
processor cycle) and ensures that the DMACK input is
acknowledged by the processor. On the other hand, the
maximum specification on #103 ensures that the low level
DMACK does not run into the next cycle and cause another
wait state. In order to complete the data memory access,
DMACK must be brought high within the maximum
specification in #103 and kept high until the next rising edge of
CLKOUT. This ensures that DMACK is high when itis sampled
again on the next cycle and thus causes the extended access
to finish. To generate any number of wait states, the wait state
generation logic should use CLKOUT as a counter to
determine when the appropriate number of wait states have
elapsed. The requirement #103 implies that CLKOUT must be
used to clear the wait state generator, since it is the only
actively switching output during an extended memory access.

WAIT STATE GENERATION CIRCUITS

The circuits illustrated in Figures 1, 2 and 3 are recommended
implementations of external wait state generation circuitry for
the ADSP-2100. The logic components are shown without part
numbers because their speed requirements vary with
processor speed grades. Itis also possible to implement most
of the logic using high speed PALs. The circuit shown in Figure
1 extends the memory access by one cycle, whereas the one

in Figure 2 extends by two cycles. The circuitin Figure 3 shows
how multiple external peripherals and their wait state signals

can be gated to generate DMACK.

The circuit in Figure 1 normally keeps the DMACK signal ata
logic high until an address requiring wait states is issued by the
processor. The output of the D-flop is normally low due to the
high level of DMWR or DMRD or the existence of an invalid
address. When an address requiring wait states is decoded,
DMACK s pulled low. The rising edge of CLKOUT causes the
output of the D-flop and consequently the DMACK signal to
rise high before the next cycle. Thus, a valid low level DMACK
signal is generated, held low and brought back high within the
processor’s timing specifications. The processor samples
DMACK low during the first cycle and extends the data
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DMWR

DMAO:13 | Address Bus

AV

ADSP-2100A

DMACK

CLKOUT

CE— D/A

Converter

Figure 1. Wait State Generation Logic for One Wait State

memory access. DMACK s high on the second cycle, causing
the processor to finish the memory access and resume its
normal operation. The DMACK line may have glitches in this
circuit configuration, but the circuit guarantees by design that
DMACK is valid when needed. Glitches occur only whenever
DMACK is not being sampled by the processor and thus are
not recognized by the processor.

The operation of the circuit shown in Figure 2is very similar to
that of the one in Figure 1, with the difference that an extra D-
flop is added to the DMACK path. This extra D-flop allows the
circuit to bring the DMACK signal high after the second rising
edge of CLKOUT, hence generating two wait states. More wait
states can be generated by adding more D-flops to the DMACK
path.

DMWR

DMAO:13 | Address Bus

A4

ADSP-2100A Decode

CLKOUT

i,

%7 Converter

DMACK (e P

Figure 2. Wait State Generation Logic for Two Wait States
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Figure 3 shows how peripherals requiring different numbers of this example, reading the A/D converter requires one wait state
wait states each have their own wait state generation logic. In and writing the D/A converter requires two.

DMRD
DMAO:13 | Address Bus g Jo—¢————= CE1 | pp

Decode
5, o— +5
CLR
Q D
CLKOUT — > BrE
DMACK-<—O<Eg::j__— PRE

ADSP-2100A

’ : O—e— CGE D/A
DMWR CE2

+5
CLR CLR
La D Q D
CLKOUT > BRE > pRE
|—1+5

Figure 3. Wait State Generation Logic for Multiple Peripherals
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ADSP-2100 DATA MEMORY WRITE CYCLE
WITH WAIT STATES

 _— /]
oM X W pd
A
DMWR / X \ ((_ / L
N ) )7
\ . ‘ / [ [—
L HiZ ) g& > Hi-Z
: : DMD VALID
DMD N N
/o I )
DMACK MACKS VALID X
: : ‘ i 1
CLKOUT : :

-
7

T

L.

|

Timing Requirements

74  DMRD low to DMACK valid

75  DMA valid to DMACK valid

99 DMWR low to DMACK valid

103 CLKOUT high to DMACK invalid
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