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The TMS320C30 Applications Board

Abstract

Functional Description

This book describes the architecture of the TMS320C30 APPB
(applications board), part of the TSM320C30 XDS1000
Development System. The APPB was designed to provide a basic
platform for software development and a variety of interfaces to
the TMS320C30. The four key interfaces used on the APPB are:

Q SRAM

aQ EPROM

Q Dual-port SRAM
O DRAM

The book provides basic functional details of the TMS320C30
APPB. Since the SRAM and EPROM interfaces on the APPB are
simple, the book's discussion centers on the dual-port SRAM and
RAM interfaces and includes the following topics:

Q Discussion of the APPB features

Q Host/TMS320C30 Interface

Q Expansion interface

Supporting figures include:

Q Host interface block diagramTMS320C30 bank addressing
Q Timing diagrams

Q TMS320C30 applications

Q TMS320C30 Applications board



SPRA403

Tables included cover:

a
a

Host I/O Memory locations for control registers

APPB general-purpose control register bits and bit definitions

The book concludes with a series of appendices that contain
source code for routines written in C. The contents of these
appendices include:

a

O 0 0O 0 O

TMS320C30 applications board routines for both the PC side
and the TMS320C30 side

Memory map and description (TMS320C30 view)
TMS320C30 software development board
Various modules

TMS320C30 software development schematics
TMS320C30 SWDS DRAM module schematics

The TMS320C30 Applications Board Functional Description
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Introduction

This report describes the architecture of the TMS320C30 Applications Board (APPB),
which is part of the TMS320C30 XDS1000 Development System. The XDS1000 is an in-circuit
emulation tool for TMS320C30 hardware/software system development. The APPB was designed
with two goals: to provide a basic platform for software development and to provide a variety of
interfaces to the TMS32C30. There are four key interfaces used on the APPB:

1) SRAM

2) EPROM

3) Dual-port SRAM

4) DRAM

The SRAM and EPROM interfaces on the APPB are quite simple; thus, this report focuses
on the dual-port SRAM and the DRAM interfaces. Figure 1 shows a basic block diagram of the
APPB.

Figure 1. TMS320C30 Applications Board (APPB) Block Diagram

- 8 XDS/500 32
8-BIT DATA BUS K8 DL EMULATOR Ao e
DUAL-PORT PORT A EPROM
— SRAM Al 12*
DUAL-PORT 1B | 3 32
||  SRAM 32 - # 2 =
ADDRESS [ 16K x 32 o] B 13 TMS320C30 24 7 16K x 32
MAPPER SRAM 7 7 A SRAM
g A
= 32 32
& <] 0 A}< {0 512K « 32
B E| |exeansion A DRAM
- 8 S g
& 3
) Zz 2 o
s o« o 2
(7] w @
=] = r4
@ Z o x
[723
g z 5
£ £
CONTROL ol
REG.

The APPB features include the following:

* TMS320C30/host communications via a designated, relocatable 4K-byte dual-bus
SRAM memory block.

* 16K-words (64K-bytes) zero wait-state SRAM on the TMS320C30 primary bus (STRB).

* 2K-words of one wait-state EPROM for interrupt and reset vectors on the TMS320C30
primary bus.

* 16K-words (64K-bytes) zero wait-state SRAM on the TMS320C30 expansion bus
(MSTRB). The SRAM can be selected in either one of two 8K-word banks.



® /O expansion bus.

* 512K-words of DRAM on the TMS320C30 primary bus.
* Emulation port.

* IBM PC, PC/XT, PC/AT support.

The remainder of this document describes each interface in more detail.

Host/TMS320C30 Interface

The host/TMS320C30 interface is composed of two basic blocks, the dual-port SRAM and
the control logic. The control logic consists of address decoding, a read/write control register, and
a write-only mapping register. The control registers are mapped into the host I/O space as shown
in Table 1. Figure 2 is a block diagram of the host interface.

Table 1. Host I/0 Memory Locations for Control Registers

Host I/O Memory Locations Contents
0330 - 0337 Semaphores (LSB is the only valid bit)
0338 Dual-port SRAM mapping register Q
0339 Control register R

Figure 2. Host Interface Block Diagram
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One of the major problems in developing an application for a PCis finding a block of memory
that does not conflict with other memory-mapped cards. To ease this problem, the dual port SRAM
interface has been designed to be relocatable on 4K-byte boundries throughout the lower 1M-bytes
of host memory space. A software example of how to map the dual-port SRAM into this space is
given later in this report.

Writing a value to a hardware mapping register on the APPB relocates the dual-port SRAM.
When a host memory access is generated, the value in the mapping register is compared to host ad-
dress bits A12-A19. If they match, a dual-port SRAM access is allowed. To ensure PC and PC/XT
compatibility, the dual-port SRAM can be located only in the lower 1M-bytes of host memory.

The APPB contains one general-purpose control register. This register is broken into two
four-bit nibbles. The lower nibble can be read from and written to by the host and read by the
TMS320C30. The upper nibble can be read from and written to by the TMS320C30 and read by
the host. The lower nibble of the control register is cleared by any reset to or from the host PC. The
upper nibble of the control register is cleared by any reset to the TMS320C30. The names of the
APPB control register bits and host/TMS320C30 access capabilities are given in Table 2. Table 3
gives the control register bit definitions.

Table 2. APPB General-Purpose Control Register Bits

Bit Name Host Access C30 Access
0 CINT Write/Read Read only
1 XINTCLR Write/Read Read only
2 DPSEL Write/Read Read only
3 SWRESET Write/Read Read only
4 XINT Read only Write/Read
5 CINTCLR Read only Write/Read
6 MBANK Read only Write/Read
7 MSWAP Read only Write/Read




Table 3. APPB General-Purpose Control Register Bit Definitions

Bit

Name

Function

CINT

Clears and disables interrupts from the TMS320C30 to the host
(XINT). XINTCLR must be set to 1 before the TMS320C30 can gener-
ate an interrupt to the host. The host clears and reenables XINT by writ-
ing O, then 1 to XINTCLR. On reset, XINTCLR is read as a 0.

XINTCLR

Interrupt (INTO) to the TMS320C30. The host may interrupt the
TMS320C30 by setting this bit to 1. The TMS320C30 clears and re-en-
ables the CINT by writing 0, then 1 to CINTCLR. The host cannot gen-
erate an interrupt to the TMS320C30 while CINTCLR = 0. On reset,
CINT isread as a 0.

DPSEL

Dual-port SRAM select. When this bit is set to 1, the dual-port SRAM
is memory-mapped in the 4K-byte space of the host PC specified by
the 8-bit value in register Q. When DPSEL = 0, the dual-port SRAM
will not be mapped in the host PC’s address space. On reset, DPSEL
isreadasa 0.

SWRESET

TMS320C30 SWDS soft reset. SWRESET = 0 resets the TMS320C30
SWDS. SWRESET must be set to 1 to take the SWDS out of the reset
state. On reset (power on), SWRESET is read as a 0.

XINT

Interrupt to the host PC. The TMS320C30 may interrupt the host by
setting this bit to 1. The host clears and re-enables XINT by writing 0,
then 1 to XINTCLR. The TMS320C30 cannot generate an interrupt to
the host while XINTCLR = 0. On reset, XINT is read as a 0.

CINTCLR

Clears and disables interrupts from the the host to the TMS320C30
(CINT). CINTCLR must be set to 1 before the host can generate an in-
terrupt to the TMS320C30. The TMS320C30 clears and re-enables
CINT by writing 0, then 1 to CINTCLR. On reset, CINTCLR is read
asal0.

MBANK

Memory bank select. The 16K-word bank of memory on the
TMS320C30 parallel I/O Bus (SRAM space 1) is mapped as two over-
lapping banks of 8K-words each. MBANK = 0 selects the lower 8K-
words, MBANK = 1 selects the upper 8K-words. On reset, MBANK
isreadasa 0.

MSWAP

Memory Swap. The MSWARP bit is used to swap the address map for
EPROM and SRAM space 0. MSWAP = 0 maps the EPROM at
000000h—003FFFh and SRAM space 0 at F00000h-FO3FFFh.
MSWAP = 1 maps the EPROM at FO0000h-FO3FFFh and SRAM
space 0 at 00000h—003FFFh. On reset, MSWAP is read as a 0.

The last portion of the control section contains the dual-port SRAM semaphore registers.
Semaphore registers are used to coordinate communications between the host and the
TMS320C30. Note that these semaphores do not provide hardware protection of the memory array.
Instead, they provide a basic means (via software control) to ensure that data can be accessed from
both sides of the dual-port SRAM without being corrupted. A software example that uses the sema-
phores is presented later in this report.




SRAM and EPROM Interfaces

There are two SRAM interfaces on the APPB: one on the primary bus and one on the expan-
sion bus. Both are implemented with eight 16K-bit x 4, 25-ns SRAMs that provide zero wait-state
TMS320C30 operation at 32 MHz. The interfaces are quite simple and consist of a set of address
buffers, termination resisters, and a PAL for address decode on the primary bus. Note that the
TMS320C30 address lines are routed to various components scattered around the board and then
to the primary bus expansion. To prevent line reflections on the SRAM addresses, buffers have been
used to isolate the SRAM.

There are two special features on the APPB that apply to the SRAM:

1) You canswap the memory address ranges of the EPROM and the SRAM on the primary
bus by setting or clearing the MSWAP bit previously described in Table 3.

2) There are two 8K-word pages of memory on the expansion bus.

By swapping the EPROM and SRAM, you can load in your own interrupt and reset vectors.
Otherwise, you would have to remove the EPROMs and reprogram them with your own defined
interrupt/reset vectors. The following code segment sets/clears the MSWAP bit.

#define EPROM 0 /* select EPROM */
#define SRAM 1 /* select SRAM */

sel _mswap(mem_type)
int mem_type;

char *cntlreg = (char *)0x00805FF7; /* pointer to control reg */
if (mem_type) *cntlreg |= 0x80; /* set MSWAP to 1 select SRAM */
else *cntlreg &= Ox7F; /* set MSWAP to 0 select EPROM */

}

There are 16K-words of SRAM on the expansion bus; however, the TMS320C30 can directly
access only 8K-words. Instead of wasting the unaddressable 8K-words, you can use a bank address-
ing bit (MBANK) in the APPB control register to select between the lower and upper 8K-word seg-
ments.

The following code segment selects the current bank of memory.

#define BANKO 0 /* select lower 8K */
#define BANKI 1 /* select upper8K */

sel_mbank (bank)
int bank;

{ .
char *cntlreg = (char *)0x00805FF7; /* pointer to control reg */

if (bank) *cntlreg |= 0x40; /* select bank 1 */
else *cntlreg &= OxBF; /* select bank 0 */
}

The APPB supports 2K-words of one wait-state EPROM on the primary bus for aboot loader
and operating system support. As stated earlier, this EPROM is remappable.

DRAM Interface

The APPB provides a DRAM expansion module that is connected to the TMS320C30 prima-
ry bus. Historically, DRAM interfaces to DSP devices have not been popular because of interface



difficulty and limited processor address space. The TMS320C30 supplies solutions to both of those
issues with its memory interface and 16M-words address space. Two areas of the TMS320C30
memory interface are most useful for DRAM design:

¢ Use of bank mode
* The ability to do continous reads while in a bank without deasserting the STRB signal

When you use these two features, it is quite simple to design a medium-speed interface to
page-mode DRAMs.

The TMS320C30 DRAM module consists of four banks of memory, each bank 256K x 32
bits, that provide 1M-word (4M-bytes) of medium speed storage for the TMS320C30 (see
Figure 3). The bank-switch function on the TMS320C30 provides fast page-mode access on back-
to-back read cycles within a DRAM page. All address and control lines to the memory array are
buffered and series-terminated for good signal quality. The memory array uses CAS-before-RAS
refresh to reduce component count. There is no onboard refresh timer; instead, SDACKO from the
host PC provides a refresh request every 1216 us. The DRAM access/cycle times are summarized
in Table 4.

Figure 3, TMS320C30 Bank Addressing
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In Table 4, these definitions are assumed:

Access Time — Numberof clocks from STRB active to data clocked into the TMS320C30.

Cycle time - Number of clocks between two back-to-back cycles (includes DRAM
RAS precharge on non-page-mode cycles).




Table 4. TMS320C30 DRAM Access and Cycle Times

Mode Access Time (clks) Cycle Time (clks)
Read 3 5
Read (page mode) 3/2t 2
Write 3 4

t  First page-mode access takes 3 clocks; the following accesses take 2 clocks each.

The four banks of DRAM are mapped into the TMS320C30 memory space at the address lo-
cations shown in Table 5.

Table 5. DRAM Bank Memory Locations in the TMS320C30 Memory Space

DRAM Memory Bank No. TMS320C30 Memory Location
0 (RAS0,CAS0) 400000H—43FFFFH
1 (RAS1,CAS1) 440000H—47FFFFH
2 (RAS2,CAS2) 480000H—4BFFFFH
3 (RAS3,CAS3) 4CO000H—4FFFFFH

Memory decode for the DRAM module is performed in two steps:

1) The APPB main card provides a memory select to decode the board range of
400000H-4FFFFFh.

2) Bankdecode is then provided on the DRAM module through TMS320C30 address bits
Al8and A19.

The DRAM controller consists of a pair of registered PALs, several SSI gates, and a delay
line (used to time DRAM row/column address multiplexing). DRAM timing is generated from
PAL UES (see schematics in Appendix C), while address decoding and special refresh control are
provided by PAL UDS. Both PALs are clocked off of a delayed H1 clock. The DRAM controller
looks for every opportunity to generate page-mode cycles to the DRAM. The TMS320C30 leaves
STRB low for back-to-back reads; the DRAM controller looks for this condition and cycles CAS
while holding RAS low (i.e., DRAM page-mode access). When STRB goes high, the DRAM con-
troller will take both RAS and CAS high to prepare for a new access. For proper operation, the
TMS320C30 primary bus control register (refer to the Primary Bus Control Register subsection
in the Third-Generation TMS320 User ’s Guide ) must be set to operate off of the external ready sig-
nal and use a maximum bank size of 512 words (refer to the the Programmable Bank Switching
subsection of the Third-Generation TMS320 User s Guide ).




Figure 4, Page-Mode Read-Cycle Timing Diagram

Figures 4 through 6 show the timing for the various DRAM cycles.
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Figure 5. Single Write-Cycle Timing Diagram
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Figure 6. Single Read-Cycle Timing Diagram
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Expansion Interface

The APPB’s two expansion connectors contain the signals from the TMS320C30 expansion
port, serial ports, flag pins, etc. Each 50-pin connector (P3 and P4 of Figure 7) is composed of a
dual row of 25 pins located on 0.1-inch centers. These expansion connectors provide easy connec-
tion to other hardware via standard 50-wire flat ribbon cable. Figure 6 shows the orientation of the
connectors. See schematic sheet 7 of Appendix C for pinout details.



Figure 7. TMS320C30 Applications Board
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Dual-Port SRAM Interface

All communications between the TMS320C30 and the host occur through the dual-port
SRAM, which is 4K-bytes deep, with 8 dedicated semaphore registers. On the host side, the
dual-port memory array is memory-mapped, while the semaphores are 1/0-mapped. On the
TMS320C30 side, the dual-port SRAM is located on the expansion bus with the memory array
mapped from  0x00804000-0x00804FFF  and the semaphores mapped from
0x00805FF8—0x00805FFF. The host can directly access the dual-port SRAM without having to
compensate for byte-wide access limitations. However, as the TMS320C30 can do only 32-bit ac-
cesses, the upper 24 bits of a data word are undefined. The TMS320C30 must therefore format data
written to and read from the dual-port SRAM. A software example is given later in this report.

While dual-port SRAMs provide an excelient means for multiprocessor communications, a
certain amount of software overhead is required to coordinate data flow. As might be expected,
there are numerous methods for coordinating data flow. This application report presents a set of
primitives that have been developed to form a basic communications protocol. The primitives are
written entirely in C and have been tested on the XDS1000 with the simple test routine provided.
Remember that there are numerous ways to do a communications protocol. The method shown in
this report is not the best for all applications; it is simply a method that makes good use of the capa-
bility of the dual-port SRAM.

The following are basic ideas of the communications protocol developed for this applications

report.

1) The dual-port memory is broken into eight equal segments. The first segment is used
only for control structures and command passing. The remaining seven segments are
used entirely for data passing. Segment size is set to 512 bytes. The number and size of
segments can be changed at compile time if desired.



2) Each of the seven data segments is totally independent from any other data segment.
However, only one processor can own a particular segment at any given time. The
TMS320C30 and host can simultanously access the dual-port SRAM as long as both are
not trying to access the same segment. ‘

3) The host is the master; the TMS320C30 is the slave. The TMS320C20 polls the
dual-port control segment to determine if the host has deposited a command. If a com-
mand is present, the TMS320C30 executes the command and then returns to polling.

4)  Only the first semaphore register is used in the dual-port. Each processor uses this sema-
phore to gain access to the control segment. Access to the seven data memory segments
are coordinated via the control structures, not the semaphores.

5) There are seven control structures in the control segment, one for each data segment.
Each control structure consists of 22 bytes and are defined as follows:

Byte Name Definition

0 pflag Buffer present (i.e., being used)

1 command Command to execute

2 buf_stat Status of the data buffer

3 nc Reserved

47 count Number of 32-bit words to transfer
8-11 addr TMS320C30 to read/write data

12-21 message Ten bytes reserved for message passing

Appendix A contains routines for the communication primitives used by the host and the
TMS320C30. Appendix Al contains routines for the PC side, Appendix A2 routines for the
TMS320C30side. Note that the routines on both sides have the same names and perform essentially
the same function. Appendix A3 contains a memory map and description (TMS320C30 view), Af-
ter the code has been compiled, use the following sequence to execute the test program:

1) Reset the XDS/1000:

xreset [RETURN]
c30reset [RETURN]

2) Getinto the emulator and load the TMS320C30 dual-port code.
emu30 [RETURN] ; load emulator
Xr ; reset the c30
lo ‘file name’ ; load the object file
xd ; execute disconnect
[esc) ; escape to main menu
q ‘yes’ ; quit emulator
At this point, your dual bus code should be executing and waiting for a host input.

3) Execute host dual-port code.

'file name’

The host code will then print the numbers 0 through 25 to the screen.



Conclusion

This report has provided basic functional details of the TMS320C30 APPB. Because of their
complexity, the DRAM and dual-port SRAM interfaces have been discussed. The features of the
TMS320C30allow it to encompass a wide range of interfaces. The TMS320C30 bank-switch mode
and continuous strobe signal on back-to-back read cycles overcome traditional DSP/DRAM prob-
lems of interface difficulty and limited processor address space. A set of communications primi-
tives routines to use with dual-port SRAM have been provided in Appendix A. These routines are
written in C for ease of understanding and modification to meet individual needs.



Appendix A
TMS320C30 Application Board Routines, Memory Map and Description

Al TMS320C30 Application Board Routines — PC Side
A2 TMS320C30 Application Board Routines - TMS320C30 Side
A3 Memory Map and Description (TMS320C30 View)



Appendix A1. TMS320C30 Applications Board Routines—PC Side
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Appendix A2. TMS320C30 Applications Board

Routines—TMS320C30 Side
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APPENDIX A3. Memory Map and Description (TMS320C30 View)

Listed below is a summary of the APPB memory map.

000000 - 003FFF  EPROM (Boot EPROM/remappable)
004000 — 3FFFFF  Unused

400000 - 4FFFFF  DRAM space

400000 - 43FFFF  256K-word DRAM minimum configuration
440000 - 47FFFF  256K-word DRAM minimum configuration
480000 - 4BFFFF  256K-word DRAM option bank 2

4C0000 - 4FFFFF  256K-word DRAM option bank 3

500000 - 7FFFFF  Unused

800000 - 801FFF = SRAM space 1 (16K-byte zero wait-state SRAM)
802000 — 80SFFF  Reserved by Tl

804000 - 805FFF  1/0 Devices

804000 - 804FFF  4K-byte dual-port SRAM

805000 - 805FF6  1/0 Expansion Bus

805FF7 Control Register R

805FF8 - 805FFF  dual-port RAM Semaphores (DO only)
806000 —- 807FFF  Reserved by TI

808000 — 8097FF = Memory mapped Peripherals

809800 - 809BFF RAM Block 0

809C00 - 809FFF  RAM Block 1

80A000 - EFFFFF  Unused

F00000 - FO3FFF ~ SRAM space 0 (16K-byte zero wait-state SRAM,

remappable)
F00800 - FFFFFF  Unused



Appendix B

Modules

Appendix Name

B1 Module U5 — TMS320C30 Software Development Board

B2 Module U6 — TMS320C30 Software Development Board

B3 Module RAMDEC — TMS320C30 Software Development Board
B4 Module RDYEN - TMS320C30 Software Development Board
BS Module RAMCONTROL - TMS320C30 SWDS DRAM Module

B6 Module RAMDEC - TMS320C30 SWDS DRAM Module



Appendix B1. TMS320C30 Software Development Board

Module U5

title’

DWG NAME TMS320C30 SOFTWARE DEVELOPMENT BOARD
DWG # 2554377

COMPANY TEXAS INSTRUMENTS INCORPORATED
ENGR NAT SESHAN

DATE 10/01/88’

XSUCS8 device *P20I8’;

SAO Pin 1;

SA1l Pin 2;

SA2 Pin 3;

SA3 Pin 4;

SA4 Pin 5; »PC XT ADDRESS LINES — INPUTS
SAS Pin 6;

SA6 Pin 7,

SA7 Pin §;

SA8 Pin 9;

SA9 Pin 10;

NSMEMW  Pin 11; "PC XT MEMORY WRITE STROBE
GND Pin 12;

NSMEMR  Pin 13; "PC XT MEMORY READ STROBE - INPUT
NSIOW Pin 14 »PC XT 10 WRITE STROBE ~ INPUT
NSGBA Pin 15; »SDB READ STROBE - OUTPUT

NPQ Pin 16; "DUAL-PORT ADDRESS RANGE STROBE — INPUT
XAEN Pin 17; »PC XT BUS TRANSACTION DISABLE - INPUT

NRG Pin 18; ”SDB CONTROL REGISTER R ENABLE - OUTPUT

NQG Pin 19; »SDB DUAL-PORT ADDRESS LATCH ENABLE — OUTPUT

NDPSEML  Pin 20; "DUAL-PORT SEMAPHORE SELECT - OUTPUT
NDPCEL Pin 21; "DUAL-PORT SRAM CHIP ENABLE - OUTPUT

SGAB Pin 22; "HOST DATA BUS INPUT ENABLE — OUTPUT
NSIOR Pin 23; "PC XT 10 READ STROBE - INPUT
VCC Pin 24;
SA =[SA9, SA8, SA7, SA6, SAS, SA4, SA3, SA2, SA1 ,SA0];
X =X,
equations
INQG = !'XAEN & (SA == "h338);
INRG = IXAEN & (SA == "h339);
INDPSEML = !XAEN & SA9 & SA8 & !SA7 & !SA6 & SAS & SA4 & ISA3

& INSIOW
#1XAEN & SA9 & SA8 & !SA7 & !SA6 & SAS & SA4 & ISA3
& INSIOR;



INDPCEL = !XAEN & INPQ;
SGAB = INSIOW & !XAEN
# INSMEMW & !XAEN ;
INSGBA = !XAEN & INSIOR & (SA == *h339)

# ! XAEN & 'NSIOR & SA9 & SA8 & ISA7 & I1SA6 & SAS

& SA4 & 1SA3
# !XAEN & INSMEMR & INPQ;

end US




Appendix B2. Module U6

Module U6

title’

DWG NAME TMS320C30 SOFTWARE DEVELOPMENT BOARD
DWG # 2554377 ‘
COMPANY  TEXAS INSTRUMENTS INCORPORATED

ENGR NAT SESHAN
DATE 10/01/88’
XSUF10 Device ’P20L8’;
CIOAQ Pin 1;

CIOA1 Pin 2;

CIOA2 Pin 3;

CIOA3 Pin 4;

CIOA4 Pin §5;

CIOAS Pin 6;

CIOA6 Pin 7;

CIOA7 Pin §;

CloAS8 Pin 9;

CIOA9 Pin 10;
CIOA10 Pin 11;

GND Pin 12;
CIOA11 Pin 13;
CIOA12 Pin 14;

TIOW Pin 15;

NSRANGE Pin 16;
CIORNW Pin 17;
NFR Pin 18;
NFG Pin 19;
NDPMEMGR Pin 20;
NDPSEMGR Pin 21;

TIOR Pin 22;

NCIOSTRB  Pin 23;

vVCC Pin 24,
X=X
C=.C;

CIOA = [CIOA12,C10A11,CI0A10,CIOA9,CIOAS,
CIOA7,CI0A6,CIOAS,CIOA4,CIOA3,CI0A2,CI0A1,CIOAOQ];

equations
INSRANGE = INCIOSTRB & !CIOA12
# INCIOSTRB & (CIOA >= “h1FF7);
INDPMEMGR = !NCIOSTRB & !CIOA12;

INDPSEMGR = !NCIOSTRB & (CIOA >= “h1FF8);



INFG
INFR
'TIOR

INCIOSTRB & !CIORNW & (CIOA == *h1FF7);
INCIOSTRB & CIORNW & (CIOA == “h1FF7);
NCIOSTRB

# (CIOA >= “h1FF7)

# ICIOA12

# ICIORNW;

NCIOSTRB
(CIOA >= *h1FF7)
ICIOA12

# CIORNW;

'TIOW

It I

test_vectors

([CIOA, NCIOSTRB, CIORNW] —>
[TIOR, TIOW, NSRANGE, NFG, NFR, NDPMEMGR, NDPSEMGRY);

READ OR WRITE TO A SEMAPHORE
[*h1FF8,0, X] -> [0,0,0,1,1, 1, 0];

[*h1FF9,0,X]-> [0,0,0, 1,1, 1, 0];
["h1FFA, 0, X] -> [0,0,0, 1,1, 1, 0];
[*h1FFB, 0, X] -> [0,0,0,1, 1, 1, 0);
["h1FEC, 0, X] -> [0,0,0, 1,1, 1, 0];
[*h1FFD, 0, X]~> [0,0,0,1, 1, 1, 0];
[*h1FFE, 0, X]-> [0,0,0, 1,1, 1, 0];

[*h1FFF, 0, X]-> [0,0,0,1,1, 1, 0];
WRITE TO F REGISTER
(*h1FF7,0,0]->[0,0,0,0,1,1, 1J;
READ FROM F REGISTER
[*h1FF7,0,1]->[0,0,0,1,0, 1, 1];
NCIOSTRB DISABLED

[ X ,1,X]->[0,0,1,1,1,1,1];
EXTERNAL READS

[*b1000000000000, 0, 1] ~> |
[*b1000000000001, 0, 1] -> [1
["b1000000000010, 0, 1] > [1,
["b1000000000011, 0, 1] —> [
(*b1000000000100, 0, 1] —>
[*b1000000000101, 0, 1] —>
[*b1000000000110, 0, 1] ~> [
["b1000000000111, 0, 1] => [
["b1000000001000, 0, 1] —> [1,0, 1, 1,
[*b1000000001001, 0, 1] -> [1, 0,

—
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1,1
[*h1FF1,0,1}->[1,0,1,1,1,
[*h1FF2,0,1]->[1,0,1,1
[*h1FF3,0,1]->[1,0,1,1,
[*h1FF4,0,1]->[1,0,1,1,
(*h1FFs,0,1]->[1,0,1,1, 1,
[*h1FF6,0,1]->[1,0,1,1,1, 1,
EXTERNAL 10 WRITES

[*b1000000000000, 0, 0] —> {0
[*b1000000000001, 0, 0] — [0,
0
0

-
-

-

-
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["b1000000000010, 0, 0] ~>
[*b1000000000011, 0, 0] —>
[*b1000000000100, 0, 0] —> [0
[*b1000000000101, 0, 0] > [0,
(*b1000000000110, 0, 0] —> [0

-
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[*b1000000001001, 0, 0] —> [
("b1000000001010, 0, 0] —> [
["51000000001011, 0, 0] —> [
(
[
[
[

M
-
-

™
-
-

M
-
Iy

["61000000001100, 0, 0] >
[*b1000000001101, 0, 0] —>
[*b1000000001110, 0, 0] —>
[*b1000000001111, 0, 0] —>

-
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(*h1FF1,0,0]->[0,1,1, 1,
[*h1FF2, 0, 0] -> [
[*h1FF3, 0, 0] -> [
[*h1FF4, 0, 0] -> [
[*h1FFS5, 0,0] > [
[*h1FF6, 0, 0] => [

test_vectors

([CI0A12, NCIOSTRB, CIORNW] —>
[TIOR, TIOW, NSRANGE, NFG, NFR, NDPSEMGR, NDPMEMGR]);

DUAL-PORT SRAM READ OR WRITE
(0,0, X]->[0,0,0,1,1,1,0];
end U6
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Appendix B3. Module RAMDEC

module RAMDEC

title’

DWG NAME TMS320C30 SOFTWARE DEVELOPMENT BOARD
DWG # 2554377

COMPANY TEXAS INSTRUMENTS INCORPORATED
ENGR TONY COOMES

DATE 10/01/88’

XSUB4 device ’P16L8’;

al2 Pin 1; ”c30 address inputs

al3 Pin 2;

al4 Pin 3;

als Pin 4;

alé Pin§;

al7 Pin 6;

al8 Pin 7;

al9 Pin 8;

220 Pin 9;

a2l Pin 11;

a22 Pin 13;

a23 Pin 14;

m_swap Pin 15; ”sram/eprom swap bit

vss Pin 10;

memen Pin 18; ”dram expansion select

sram Pin 17; ” sram select

eprom Pin 16; ”eprom select

busen Pin 12; “eprom/dram data buffer select
vee Pin 20;

madd =[a23,a22,a21,a20,a19,a18,a17,a16,a15,a14,a13,a12];
equations

”On reset the eprom and sram maps are swapped
? m_swap =0 m_swap =1
’sram FO0000-FO3FFF  000000-003FFF
“eprom  000000-003FFF  FOO000-FO3FFF

sram = !{((madd >= “h000) & (madd <= "h003) & m_swap)
# ((madd >= “hF00) & (madd <= “hF03) & !m_swap));

eprom = !(((madd >= “h000) & (madd <= “h003) & !m_swap)
: # ((madd >= "hF00) & (madd <= "hF03) & m_swap));

memen = !((madd >= “h400) & (madd <= “h4FF));

busen = !(leprom # !memen);



test_vectors
([madd, m_swap ] —> [sram, eprom, memen, busen])

[*h000, T ]->[0, 1, 1, 1];
[*h000, 0 ]->[1, 0, 1, O]
[*h004, 1 ]->[1, 1, 1, 1];
[*hF00, 1 ]->[1, 0, 1, O]
[*hF0O, 0 ]->[0, 1, 1, 1]
[*hFFO, 1 ]->[1, 1, 1, 1};
[*hF0O, 1 ]->[1, 0, 1, OJ
[*h400, 0 1->[1, 1, 0, OJ;
["h4CF, 1 ]—>[1, 1, 0, O];
[*h800, 1 ]->[1, 1, 1, 1J;

end RAMDEC



Appendix B4. Module RDYEN

module RDYEN
title’

DWG NAME TMS320C30 SOFTWARE DEVELOPMENT BOARD
DWG # 2554377

COMPANY TEXAS INSTRUMENTS INCORPORATED
ENGR TONY COOMES

DATE 10/01/88’

XSuUC3 device ’P16R4’;

clk Pin 1;

busen Pin 2; “eprom/dram data bus enable
eprom Pin 3; “eprom select

strb Pin 4; ”c30 strobe

rd_wr Pin 5; ”c30 read/write

bhiz Pin 7, ”dram expansion bus hold

oe Pin 11;

VsS Pin 10;

dat_rd Pin 19; ”data read enable

dat_wr Pin 18; ”data write enable

prdy Pin 17; ?eprom ready

epromcs Pin 12; “eprom chip select

vee Pin 20;

c=.C;

equations

“note: bhiz is active for 1 TMS320C30 clock cycle at the end of a dram
”  access. This provides the necessary turn off time between
”  dram/eprom accesses.

dat_rd = !('busen & !strb & rd_wr & bhiz);
dat_wr =  ('busen & !strb & !rd_wr & bhiz);
epromcs = !(busen & rd_wr & !strb & !eprom & bhiz);

prdy :=  I('busen & !strb & rd_wr & prdy & !eprom & bhiz);
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Appendix BS. Module RAMCONTROL

Module RAMCONTROL
title’
DWG NAME  320C30 SWDS DRAM MODULE

DWG # 2554397

COMPANY TEXAS INSTRUMENTS INCORPORATED
ENGR TONY COOMES

DATE 10/01/88’

XDUES device ’P16R8’;

clk Pin 1;

refreq_ Pin 2; “refresh request

strb_ Pin 3; ”c30 strobe

rd Pin 4; ”¢30 read/write
memen_ Pin 5; ”memory board chip select
oc_ Pin 11; ”pal output enable

Vss$ Pin 10;

sO Pin 19; state variable

refclr Pin 18; ’refresh clear

casen Pin 17; ”column address strobe
ren Pin 16; ?write strobe

rasen Pin 15; ”row address strobe
mrdy Pin 14; ”dram ready strobe
busact Pin 13; ”dram bus active

sl Pin 12; “state variable

vee Pin 20;

”define machine states
”[refclr,rasen,casen,mrdy,busact,s0,s1];

idle =  "bl1l111i;
rasO = ~b1011111;
cas0 = “b1000111;
casl = *b1011101;
whid = ~b1111110;
trp = "b1111001;
refl = ~“b0101111;
ref2 = “b0001111;
ref3 = *b0011111;
refd = "b1111101;
refreq = Irefreq_;  “convert to positive logic
strb = Istrb_;
memen = 'memen ;
oe =loe ;

c=.C;



c=.C;

output = [refclr,rasen,casen,mrdy,busact,s0,s1];

equations
ren :=  I(lrd & !strb_);  high on read, low on writes
state_diagram output
state idle:
case (refreq & strb & memen) :refl;  “ref has 1st priority
(refreq & strb & !memen) :refl;
(refreq & !strb & memen) :refl;
( refreq & !strb & !memen) wrefl;
(‘refreq & strb & memen) :ras0;
('refreq & strb & !memen) ‘idle;
('refreq & !strb & memen) ridle;
(Yrefreq & !strb & !memen) tidle;
endcase;
state  rasO:
goto cas0;
state  casO: “cycle cas on page mode reads
case rd :casl;
'rd :whld;
endcase;
state  casl: ”cycle cas on page mode reads
case strb & !refreq :cas0;
strtb & refreq ;trp ;
Istrb & 'refreq ;trp ;
Istrtb & refreq ;Hrp ;
endcase;
state  whld: ?wait for refreq or !strb
case strb & !refreq :whid;
strb & refreq :refl;
Istrb & !refreq ;idle;
Istrb & refreq :refl;
endcase;
state trp: ”cas,ras high
case refreq wrefl;
Irefreq ;idle;
endcase;
state refl: »cas,refclr low
goto ref2;
state  ref2: » ras low

goto ref3;



state  ref3: cas high
goto ref4;

state  ref4: ”’ras high
goto idle;

test_vectors “page mode read, ref, page mode read
([clk,refreq ,strb , rd,memen, oe ]->[output,ren})

[e, 0, 0, 1, 0, 1 ]->[idle, 17;
[c, O, 1, 1, 1, 1 ]->[ras0, 1];
[c, O, 1, 1, 1, 1 ]—>[cas0, 1];
[c, O, 1, 1, 1, 1 ]->{casl, 1];
[c, 0, 1, 1, 1, 1 ]—>[casO, 1];
(e, 1, 1, 1, 1, 1 ]->casl, 1];
[e, 1, 1, 1, 1, 1 ])->trp, 1];
{c, 1, 1, 1, 1, 1 ]->[reft, 1];
[e, 1, 1, 1, 1, 1 ]—>[ref2, 1);
[c, 1, 1, 1, 1, 1 ]->[ref3, 1];
[c, O, 1, 1, 1, 1 J—>[refd, 1];
[c, 0, 1, 1, 1, 1 )->{idle, 1];
[e, 0, 1, 1, 1, 1 ]->[ras0, 1];
[¢, 0, 1, 1, 1, 1 }—>[cas0, 1];
[¢, 0, 1, 1, 1, 1 ]->[casl, 1};
[e, 0, 1, 1, 1, 1 ]->[cas0, 1];
[c, 0, 1, 1, 1, 1 ]J—>fcasl, 1];
[¢, 0, O, 1, 1, 1 ]>ftrp, 1];
[c, 0, O, 1, O, 1 }->[idle, 1];

test_vectors write cycle
([clk,refreq ,strb , rd, memen, oe ]->[output,ren])

[c, 0, O, 0, 0, 1 }—>[idle, 1];
[cc 00 1, 0, 1, 1 ]—>[ras0, 0};
[e. 0, 1, 0, 1, 1 ]->[cas0, 0];
[c, 0, 1, O, 1, 1 ]->[whld, 0];
[¢, 0, 1, 0, 1, 1 ]->[whld, 0};
[e, O, 1, 0, 1, 1 ]—>[whld, 0];
[¢. 0, O, O, 1, 1 ]->[idle, 1];
[¢, 0, O, 1, O, 1 ]->[idle, 1];
"write cycle /ref

[¢, 0, O, O, O, 1]->[idle, 1];
{e, 0, 1, 0, 1, 1 }->[ras0, 0];
{¢, 1, 1, 0, 1, 1 ]->[cas0, 0];
[¢, 1, 1, O, 1, 1 }J>[whld, O];
(e, 1, 1, 0, 1, 1 ]->[refl, 0};
[e, 1, 1, 0, 1, 1 ]->[ref2,0];
[c, 1, O, 0, O, 1]->[ref3, 1];
[c, 0, O, 1, O, 1 ]—>refa, 1];
[¢, 0, O, 1, 0, 1]->[idle, 17];

end RAMCONTROL



Appendix B6. Module RAMDEC

module RAMDEC

title’

DWG NAME

320C30 SWDS DRAM MODULE

DWG # 2554397
COMPANY TEXAS INSTRUMENTS INCORPORATED

ENGR
DATE

TONY COOMES
10/01/88’

XDUDS device ’P16R4’;

clk Pin1;

refclr Pin 2; ”clear refresh stat

al8 Pin 3; ?¢30 address 18

al9 Pin 4; ?¢30 address 19

memen Pin 5; ”dram board memory enable
strb Pin 6; ”c30 strobe

mux Pin 7; ”address mux

oe Pin 11; ”pal output enable

vss Pin 10;

rasQ Pin 17; ’ras select 0

rasl Pin 16; ’ras select 1

ras2 Pin 15; ”ras select 2

ras3 Pin 14; ”ras select 3

rowsel Pin 13; ”row address select

vee Pin 20;

c=.C,;

equations

rasO := !(trefclr # (1219 & !a18 & !memen & !strb));
ras1 := !(lrefclr # (!al9 & al8 & !memen & !strb));
ras2 := !('refclr # (219 & !a18 & !memen & !strb));
ras3 := !(trefclr # (a19 & al8 & !memen & !strb));

rowsel = mux;



test_vectors “page mode read, ref, page mode read
([clk,refclr, memen, strb, a19, a18, oe]->[ras0, rasl, ras2, ras3])

[¢, 1, 1, 1, 0, 0,0]}>[1, 1, 1, 1];
[ec, 1, 0 0, 0, 0,0}>[0, 1, 1, 17;
[¢, 1, 0, 0, 0, 1,0]—>[1, O, 1, 1];
fe. 1, 0, 0, 1, 0,0]—>[1, 1, 0, 1}
[c, 1, 0, 0, 1, 1,0)]->[1, 1, 1, O;
fe, 1, 1, 0, 1, 1,0}>[1, 1, 1, 1}
[e¢. 1, 0 1, 1, 1,0)>[1, 1, 1, 1];
[¢c, 0, 0 1, 1, 1,0)->[0, O, O, O}
[e. 1, O 1, 1, 1,0)}>[1, 1, 1, 11;
[¢, 0, 0, 0, 1, 1,0]->[0, O, O, OF;
[e, 1, 0, 0, 1, 1,0}>[1, 1, 1, O];

test_vectors "rowsel
(mux —> rowsel)

1 - 1;

0 —> 0

end RAMDEC
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Appendix C1. TMS320C30 Software Development Schematics
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Appendix' C2. TMS320C30 SWDS DRAM Module Schematics
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