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" name: MPAII_PD ~ U9 v3.03
» description: Upper PC address buffer and I/0 decode

“ This PAL decodes the PC address lines Al2-A4,PC_Al9_16 ,PC_Al6_14 and

“ IOACCESS~, REMRD~ to provide the BCP AlS, Al12-8 outputs and the

* two partial decodes IBM,DCA indicating which system (IBM, or DCA)

“ is being accessed. Note that this scheme will not allow the MPAII board
“ to co-exist w/ any board using these PC I/O addresses. Al5, Al2-8

“ are enabled by LCL~ going high, indicating a remote access cycle.

“ If IOACCESS~ and LCL~ are ascerted, Al2-8 are driven high to translate
“ the PC I/0 access to the top page of the BCP’s data RAM (7FFX - unless
“ it is a read of IRMA space, which is translated to 7FEX,) required to
“ emulate the dual-ported registers used on this board.

“ If the PC accesses the BCP's data memory, LCL~ will be asserted but not
“ IOACCESS~, in which case no translation will occur, and Al12-8 will only
“ be buffered onto the BCP’s address lines.

" IBM_REG~ DCA_REG~ ~—type of decode—

- 1 1 not an MPAII IO decode

w 1 0 DCA IO access (addresses 0022x)

- 0 1 IBM IO access (addresses 002dx)

» 0 0 not an MPAII 10 decode

" history:vV0.1 msa 12/13/87 create

" V0.2 msa 12/16/87Abel version

" V0.3 tjq 12/17/87 simulate

» v0.4 msa 02/27/88 u3d ~-> u23

» V0.5 msa 03/03/88 corrected address pin nums
» V0.6 msa 03/12/88 edits for TN’s irma code

» V1.0 msa 04/07/88 u23 -> pad _dec

» v3.00 wvm 08/10/89 made revisions for MPAII:
» 1) moved REMOTE decode to an
N inverter

N 2) moved Al3 and Al4 decodes
" for remote accesses to
MPAII_CT

" 3) include decode of PC_Al4
" through PC_Al9% in IODO

" and IOD1l

- v3.01 wvm 09/07/89 make signal names match

" schematic and add test vectors

» v3.02 wvm 09/11/89 rearrange pins ’

N . v3.03 tas 10/25/89 renamed IOD0 and IOD1 to DCA_REG~
~ and IBM_REG~,respectively. Swapped
N I0D0/1 pins. Added IBM_REG~ to

" Al2-A8.

" COPYRIGHT NATIONAL SEMICONDUCTOR, INC. 1987,1988,1989,1990

module mpaii_pad dec
title 'PC iface - i/o decode'

TL/F/10488-52
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“declarations

mpaii_pddevice 'P20L10';

PC_A12,PC_All,PC_A10
PC_A9,PC_A8,PC_A7T
PC_A6, PC_AS, PC_A4
PC_A14_16

PC_A17_19

REMRD~
IO_ACCESS~
LCL~

AlS
Al2,All
Al0, A9, A8

IBM_REG~,DCA_REG~

pin
pin
pin
pin
pin
pin
pin
pin
pin
pin

pin

pin

H,L,X,2 = 1,0,.X.,.2.;

low “bl1;

pc_a =  [PC_Al2..PC_A4);
pc_abuf =  [PC_Al2..PC_AB];
bcp oc = [Al2..A8];

bcp_ a = [A12..A8];

io_dec =

equations
'IBM_REG~ =
IDCA_REG~ =
al5 =
A12 =
All =
AlQ =
A9 =
A8 =
enable io_dec =
enable bcp_oc =
enable Al5 =

end mpaii_pad_dec

[IBM_REG~,DCA_REG~];

(pc_a ==
(pc_a ==
L;
PC_Al2 #
PC_All #
PC_A10 +#
PC_A9 #
PC_A8 #
low;
LCL~;
LCL~;

1,3,4;
5,6,8;
9,10,11;
15;

16;

2;

7;

13;

14;
17,18;
19,20,23;
21,22;

~h02d) & PC_Al4_16 & PC_A17_19;
~h022) & PC_Al4_16 & PC_Al7_19;

1I0_ACCESS~ # !IBM_REG~;
!IO_ACCESS~ # !IBM REG~;
!I0_ACCESS~ # !IBM REG-;
!I0_ACCESS~ # !IBM REG-;

(!I0_ACCESS~ & REMRD~)

# !IBM REG~;

TL/F/10488-53
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- name : MPAII_RD - U7 v3.04
- description: PC 1/0 register decode

“ Decodes the low 4 bits of the PC address lines to determine enables for

“ data memory, RIC, and SREG. All four PC read and write

“ strobes as well as the IBM_REG~/DCA_REG~, PC_Al3, PC_AEN, REM enable and /MMATCH
“ signals are inputs. /RAE, CM /MEM_CS and /REM_RD, /REM WR, /IOACCESS

“ and /SREG_EN are outputs.

" history:v0.1 msa 12/13/87 create

- v0.2 msa 12/16/87 Abel version

" v0.3 msa 12/17/87 added pc_clk edit

» v0.4 msa 12/17/87 to 2018

- v0.5 msa 12/31/87 added bcp reset input

» v0.6 msa 02/27/88 u4 -> u8

" v0.7 msa 03/12/88 edited for tn’s irma

N V1.0 msa 04/07/88 uB -> reg_dec

- v3.00 wvm 08/10/89 revisions made to MPAII:

" 1) eliminate PC_HI_OC and

- PC_LO_OC

" 2) remove IO_MAYBE and replace
A it with PC_AEN :
" 3) input PC_Al3 for address

- decodes

- 4) input REM enable to control
" accesses during rest-time

» 5) Make RAE~ a full decode of
- every access

» v3.01 wvm 09/7/89 make signal names match

» schematic and add test vectors
- v3.02 wvm 09/11/89 rearrange pin assignments

" v3.03 tas 10/19/89 added PC_AEN to SREG_EN to

- ’ eliminate accidental clock of SREG.
" v3.04 tas 10/25/89 Rename IODO, IOD1 to DCA_REG~,

" IBM REG~, repectively.
" Swap IODO, IOD1 pins. Changed
» I0_ACCESS to avoid SREG.

- COPYRIGHT NATIONAL SEMICONDUCTOR, INC. 1987,1988,1%89,1990

module mpaii_reg_dec
title 'PC iface - i/o decode'

“declarations
mpaii_rd device 'P20L8';

BCP_RST~ pin 1;
DCA_REG~ pin 2;
PC_AEN pin 3;
IBM_REG~ pin 4;
PC_A3,PC_A2 pin 5,6;
PC_Al,PC_A0 pin 7,8;
PC_MEMR~ pin 9;
PC_MEMW~ pin 10;
PC_IOR~ pin 11;

TL/F/10488-54
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PC_IOW~
BCP_WR~
PC_Al3
REM_enable
MMATCH~

I0_ACCESS~
SREG_EN~

CMD

=
1y
9]
™

"

3

)

-4

-
Rononon

no_acc
dca_acc
ibm_acc
strobes
outputs

equations

!RAE~ =

IREMRD~ =

'REMWR~ =

ISREG_EN~ =

pin 13;
pin 14;
pin 16;
pin 17;
pin ©23;
pin 22;
pin 21;
pin 20;
pin 19;
pin 18;
pin 15;

ISTYPE ‘'feed pin';

1,0, .X.,.2.;
[PC_A3..PC_A0]/

(pc_a == “bll10);

(pc_a == “bl1101);
[IBM_REG~,DCA_REG~];
(io_dec == ~bll);
(io_dec == ~bl0);
(io_dec == ~b0l);
[PC_MEMR~, PC_IOR~, PC_MEMW~, PC_IOW~];
[CMD, RAE~, REMWR~, REMRD~,
I0_ACCESS~,SREG_EN~];

((!PC_IOR~ # !PC_IOW~)&!no_accé!PC_AENG!PC_A13)
# (!MMATCH~ & !PC_AEN & (!PC_MEMW~ # !PC_MEMR~));
(pc_a == “b1111)& (ibm acc)& (!PC_IOR~ # !PC_IOW-~);

!PC_IOR~ & REM_enable
# !PC_MEMR~ & REM enable;

!PC_IOW~ & REM_enable
4 !PC_MEMW~ & REM enable;

(tPC_IOW~)&(pc_a == "b0111)&(ibm acc)é& (!PC_A13)&!BCP_WR~
&!PC_AEN # !BCP_RST~; -

'I0_ACCESS~= !DCA_REG~ & !CMD & !PC_Al13 & !PC_AEN & (!PC_IOW~ # !PC_IOR-)
# !IBM REG~ & !CMD & !PC_A13 & !PC_AEN & !PC_IOR~
# !'IBM REG~ & !CMD & !PC_Al3 & !PC_AEN & !PC_IOW-~ &

(!PC_AQ0 # !'PC_Al # 'PC_A2);

* IO_ACCESS~ is active if:

" 1) it’s an IRMA register read or write

h 2) it’s an IBM register read

" 3) it’s an IBM register write except to xxx7 or xxxF.

- xxx7
- XXXF

w

enable outputs =

end mpaii_reg_dec

= Segment Register (Ul6)
= the BCP’'s RIC register

“b111111;

TL/F/10488-55
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" name : MPAII RI - U4 v3.02
~ description: birq register and rest-time circuit
~ This PAL sends the BIRQ interrupt to the BCP whenever a

" IBM, IRMA or SMART_ALEC I/0 access is made. The BIRQ

- interrupt is cleared when the BIRQ register is read by

" the BCP. . :

" This PAL also contains all of the rest-time staté machine

" needed to pevent missed or inproper accesses. The signal

" REM_enable is fed back to MPAII_RD and prevents remoté accesses
N during rest-time. The PC_RDY signal to the PC bus is also

- controlled by XACK from the BCP and the rest-time state

- machine.

» history:v3.00 wvm 08/10/89 create

» v3.01 wvm 09/07/89 make signal names match

N schematic

- v3.02 wvm 09/11/89 ' change BIRQ decode

» v3.02 tas 01/03/90 corrected some test vectors
- COPYRIGHT NATIONAL SEMICONDUCTOR, INC. 1989-1990

module remote_interface_pal
title 'REST-TIME Compliance State Machine';

MPAII_RIdevice 'Pl6RAB';

“inputs
PL~ pin 1;
XACK pin 2;
CLK_OuT pin 3; ‘
BCP_rst~ pin 4; : ; ff
RAE~ pin 5; o
unused_1 pin 6;
BIRQ_EN pin 7;
AREG_CLK~ pin 8;
PRE_BIRQ pin 9;
OE~ pin 11;
“outputs
PC_RDY~ pin 19;
q0 pin 18;
ql pin 17;
q2 pin 16;
q3 pin 15;
wait_start pin 14;
REM_enable pin 13;
BIRQ pin 12;

“definitions
x,2,L,H = .X., .2.,0,1;

TL/F/10488-56
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equations

enable PC_RDY~

PC_RDY~.RE
PC_RDY~.PR

1PC_RDY~

REM_enable.RE
REM enable.PR

!REM_enable

q3.PR
q3.C

'q3

g2.RE
q2.C

1q2

ql.PR
ql.C

'ql

q0.PR
q0.C

g0

= (!RAE~);

;

‘

1
=1
:= (!XACK
# q0 & !'RAE~
# !'!g2 & 'RAE~
# g3 & 'RAE~);

1;
= 1;
:= wait_start
# RAE~ & !q3 & q2 &

= !BCP_rst~;
= CLK_OUT;

1= (!q0 & !q2 & !qg3
# !q0 & !ql & !RAE~
# !g0 & !q3 & !'RAE~
# !90 & !'ql & q2);

= !BCP_rst~;
= CLK_OUT;

:= (!g0 & !ql & !q2
# !q1 & g3 & !'RAE~
# ql & !q2 & g3

# g0 & !q1 & q3);

= !BCP_rst~;
= CLK_OUT;

:= (!q0 & !'ql & g3
¥ 'q0 & !'q2 & g3
# g0 &§ g2 & g3

gl & !q0;

& !wait_start

# 'q0 & 'ql & g2 & RAE~);

= !BCP_rst~;

= CLK_OUT;
:= (1q0 & !ql
¥ 190 & !q2

TL/F/10488-57
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# BIRQ 6§ ql1 & !q2 & g3
4 !'q0 & !'q3);

wait_start.PR =q3 & !q2 & !'ql & !q0;

wait_start.C = RAE~ & BCP_rst~;
'wait_start = !q3 & q2 & !'ql & !q0;
BIRQ.RE = !BCP_rst~;

BIRQ.C = AREG_CLK~;

!BIRQ := PRE_BIRQ & BIRQ EN;

end remote_interface_pal
TL/F/10488-58
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APPENDIX B

Timing Analysis

This section will first discuss the timing analysis used in sel-
eting appropriate data memory and instruction memory for
use in the MPA-Il system. Following this is a description of
the timing involved in interfacing the MPA-II system with the
PC-XT/AT. '

As discussed in Chapter 5—Hardware Architecture, the
BCP utilizes a Harvard Architecture, where the data memory
and instruction memory are organized into two independent
memory banks, each with their own address and data bus-
es. The data memory is dual ported enabling both the BCP
and the remote processor to have access. The instruction
memory, on the other hand, is exclusively owned by the
BCP. Any remote processor accesses to this memory occur
through the BCP, and only when the BCP is idle.

The MPA-II system runs with the BCP operating at full* o

speed, 18.8696 MHz ({DCR[CCS]} = 0), with zero instruc-
tion (mjw) and one data (npw) wait state resulting in a
T-state of 53 ns. For a system running the BCP at half
speed, 9.45 MHz ({DCR[CCS]} = 1), with zero instruction
and zero data wait states, the T-state is 106 ns. The T-state
is calculated as shown:

T-state = 1/(CPU Clock Frequency)

Interfacing Memory to the DP8344B

As with most other aspects of a design, choosing memory is
a cost vs. performance trade off. Maximum performance is
achieved running no wait-states with fast, expensive memo-
ry. Slower, less expensive memory can be used, but wait-
states must be added, slowing down the BCP. Therefore
one needs to choose the slowest memory possible while
still meeting design specifications. While this appendix as-
sumes RAM is used for instruction and data memory, the
information is relevant to memory devices in general.

Instruction Memory Timing

The BCP needs separate data and instruction RAM, each
with their own requirements. Instruction read time is the ma-
jor constraint when choosing instruction RAM. Instruction
read time t;, as shown in Figure B-1, is measured from when
the instruction address becomes valid to when the next in-
struction is latched into the BCP. Instruction read time for
various clock frequencies and wait states are given in Table
B-1. Clock frequency and wait state combinations other
than those given in the table can be calculated using param-
eter 1 in Table 5-5, Instruction Memory Read Timing, of the
DP8344B data sheet:
tht=015+nw)T—19ns

where 1 is the instruction read time (ns), njy is the number
of instruction memory wait states, and T is the 7-state time
(ns). The RAM chosen needs to have a faster access time
than the read time for the desired combination of clock fre-
quency and wait states. Since the MPA-Il system runs at full
speed (18.8696 MHz) with n\w = 0, the RAM chosen for
instruction memory must have an access time which is fast-

er than 60.5 ns (See Table B-1). Note that 55 ns Static
Rams will work for both full speed and half speed operation
of the MPA-II.

1A

TL/F/10488-59
FIGURE B-1. Instruction Memory Read Timing

TABLE B-1. Instruction Read Times, t; (ns)

CPU Wait States nyy
Clock Freq. -
(MHz) 0 1 2 3
9.43 140 246 352.. | 458
18.86 60.5 115.5 166.5 219.5
20.00 56 106 156 206

However, instruction read time is not the only timing consid-
eration when choosing instruction RAM. If the BCP is used
in an application which requires full speed softloading of
instruction RAM, there are two other timing relationships
which require evaluation. These are data setup time and
write pulse width (see Figure B-2). The relevant BCP timing
parameters are | valid before IWR rising, tps, and IWR low
time, tjw. The value of these timing parameters depends on
the Remote Interface mode of operation, which is Fast Buff-
ered Write for the MPA-Il system. Using Table 5-22, Fast
Buffered Write of IMEM, of the DP8344B datasheet, the
data setup time (parameter 19) is:

tos = (nw + 1)T — 18ns
and the write pulse width tyy (parameter 20) is:

tw=(w + 1)T —10ns
Table B-2a and B-2b give various data setup times and write
pulse widths. Once again, the RAM chosen must have a
faster RAM data setup time and quicker RAM write strobe
width than the corresponding desired data setup time and
write pulse width. Thus, for the MPA-II system, the selected
Instruction RAM data setup time must be less than 35 ns
(Table B-2a), and the RAM Write Strobe Width must be less
than 43 ns (Table B-2b). In a typical application of the BCP,
softloading occurs after reset with the BCP operating with
CLK/2 and full wait states. Under these conditions the in-
struction read time value is the critical parameter for choos-
ing the instruction RAM. In the MPA-Il system, softloading
can also occur under the full speed conditions. First, soft-
loading occurs upon a first load of instruction memory into
the MPA-Il on power up. The MPA-Il system can then be
reloaded without powering down. In this situation, the
MPA-II system is set to full speed. Therefore, the RAM se-
lected must meet all the parameters listed thus far.
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FIGURE B-2. Data Setup Time and Write Pulse Width for Fast Buffered Write of IMEM

TABLE B-2a. Data Setup Times,
tps (ns) for Fast Buffered
Write of Instruction Memory

CPU

Walt States n|
Clock Freq. W
(MHz2) 0 1 2 3
9.43 88 194 300 406
18.86 35 88 141 194
20.00 32 82 132 182
TABLE B-2b. Write Pulse Width,
tiw (ns) for Fast Buffered
Write of Instruction Memory
CPU
Walt States n
Clock Freq. W
(MHz) 0 1 2 3
9.43 96 202 308 414
18.86 43 96 149 202
20.00 40 90 140 190

The MPA-Il uses two 55 ns 8K x 8 CMOS Static RAMs for
instruction memory. The output enable is tied low and the
chip select enables are both enabled. Therefore, the RAMs
are always selected. The write enable is the instruction write

v

signal (IWR) from the BCP. Table B-3 compares the select-
ed instruction memory RAM parameters with required pa-
rameters for the DP8344B.

Data Memory Timing

The MPA-Il system uses a 100 ns 32K x 8 CMOS Static
RAM to implement the system data memory.

The selection of data memory RAM requires the evaluation
of several important timing parameters. The RAM access
time, strobe width, and data setup times are three of the
most critical timing parameters and must all be matched to
equivalent BCP timing parameters. The RAM access time
should be compared to the data read time of the BCP.

Data read time, tp, (Figure B-3) is measured from when the
data address is valid to when data from the RAM is latched
into the BCP. Table B-4 gives data read times. The equation
for calculating data read time is similar to the one given for
instruction read time, and is taken from Table 5-3 (Parame-
ter 14) of the DP8344B data sheet:
tp = (2.5 + MAX (npw, mw — 1))T — 40

where tp is the data read time (ns), npy is the number of
data memory wait states, nyy is the number of instruction
memory wait states, and T is the T-state time (ns). Since the
lower address byte (AD) is externally latched, the latch
propagation delay needs to be subtracted from the available
read time when determining the required RAM access time.
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TABLE B-3. Instruction Memory Read and Write Parameters

DP8344B BCP (Minimum)
Fujitsu RAM Read Writ

Parameter (Minimum) ea rnite

(55 ns) Full Half Full Half
Speed Speed FOR Speed Speed FOR

Access Time (t)) 55 60.5 140 458

Write Pulse Width (ty) 40 ' 43 96 414
Data Setup (tps) 25 35 88 406

Measurements are in ns.

Full Speed is 53 ns T-state with njyy = 0 and npy = 1.
Half Speed is 106 ns T-state with njy = 0 and npw = 0.
POR is 106 ns T-state with njy = 3 and npy = 7.

T ¢ 7T
ck-our /TN /o
| X2 7 N7
A X XC
ALE I\
A 222222222225 ook y——{oaia .
A iz

tsp

READ — | :k_
t 4

le— b ——»]
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FIGURE B-3. Data Memory Read Timing

TABLE B-4. Data Read Time, tp (ns)

CcPU Wait States
Clock Freq. Max (npw, ijw — 1)
(MHz) 0 1 2
9.43 225 331 437
18.86 92.5 1455 198.5
20.00 85 135 185

An octal latch (74ALS573) is used in the MPA-II system to
demultiplex and latch the address. There is a delay associ-
ated with latching of the address and it is dependant on the
latch considered. The latch enable is the ALE signal from
the BCP. While ALE is high, the outputs follow the inputs.
When ALE falls the address is latched on the outputs. The
latch has a propagation delay of 20 ns which corresponds to
the time it takes for the data on the inputs to reach the
outputs.
Therefore, for the MPA-Il system the RAM access time is:
tacc =tb — 20ns

Using Table B-4, the required RAM access time can be cal-
culated to be:

tacc = 145.56 — 20 = 1256.,5ns
for full speed operation with one wait state.
Another important timing parameter is the RAM strobe
width. The BCP READ and WRITE outputs will typically be
used to strobe data out of and into the RAM. The signal

relationships for a data memory access are shown in Figure
B-3 for a read and in Figure B-4 for a write. Table B-5 con-
tains READ and WRITE pulse width values for various clock
frequencies and wait state combinations. The equation for
calculating READ and WRITE pulse widths are taken from
parameter 8 of Table 5-4 and parameter 12 of Table 5-3 in
the DP8344B data sheet:
tg = tw = (1 + MAX (npw, niw — 1))T — 10

where tyw (= tg) is the pulse width (ns), npw is the number
of data memory wait states and nyy is the number of in-
struction memory wait states. The RAM chosen should re-
quire shorter strobe widths than the pulse width listed in
Table B-5 for the desired combination of clock frequency
and wait states. Thus, for the MPA-II. system, the RAM
strobe width must be shorter than 96 ns.

The last important consideration when choosing the data
memory RAM is setup times into the BCP on a read and into
the RAM on a write. In a typical application, READ is con-
nected to the output enable pin on the RAM. When reading
from the RAM, the data becomes valid when READ falls
and activates the RAM outputs. The data must become val-
id fast enough to meet the setup time required by the BCP.
This setup time tgg, as shown in Figure B-3, is listed in
Table B-6 for various combinations of clock frequencies and
wait states. Using Table 5-3 (parameter 7) of the DP8344B
datasheet, tsg can be calculated as follows:
tsg = (1 + MAX(npw, nw — 1))T — 22

where tgg is the maximum time allowed for the data to be-
come valid (ns), npw is the number of data memory wait
states and nyw is the number of instruction memory wait
states. The data memory RAM used needs to have a faster
output enable time than the time listed in Table B-6 for the
desired combination of clock frequency and wait states.

When writing to data memory, the data must be valid in time
to meet the setup time requirement of the RAM. In a typical
application, this time is measured from the data becoming
valid out of the BCP to WRITE going high. Figure 8-4 shows
this timing relationship, tpw;, and Table B-7 contains times
for various combinations of clock frequencies and wait
states. The equation for calculating this time is from Table
5-4 (parameter 4) of the DP8344B datasheet.
tow = (1 + MAX(npw, nw — 1))T — 20

where tpw is the minimum data valid time before WRITE
rising (ns), npw is the number of data memory wait states
and nyy is the number of instruction memory wait states.
This time should be at least as long as the data setup time
of the RAM.
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TABLE B-5. READ and WRITE Pulse Width, tg = ty (ns)

CPU Wait States

Clock Freq. Max (npw, niw — 1)
(MHz) 0 1 2
9.43 96 202 308
18.86 43 96 149
20.00 40 90 140

TABLE B-6. Data Read Setup Time, tgg (ns)

CPU Wait States
Clock Freq. Max (npw, mw — 1)
(MHz) 0 1 2
9.43 84 190 296
18.86 31 84 137
20.00 28 78 128

TABLE B-7. Data Write Valid Time, tpw (ns)

CPU Wait States
Clock Freq. Max (npw, qw — 1)
(MHz) 0 1 2
9.43 86 192 278
18.86 33 86 139
20.00 30 80 130

Instruction RAM has the greatest affect on execution speed.
Each added instruction memory wait state slows the BCP by
about 40% as compared to running with no instruction
memory wait states. Each added data memory wait state
slows a data access by 33% as compared to running with
no data memory wait states. RAM costs are coming down,
but higher speed RAM still carries a price premium. So there
is the trade-off.

Table B-8 compares the BCP data memory requirements
with the selected data RAM.

PC System

The MPA-!l expansion board is an 8-bit board, which runs in
a PC-XT, PC-AT or compatible system. The timings of the
two systems have many differences, but the 8 MHz PC-AT
bus specifications are more stringent than those of the
4.77 MHz PC-XT bus. So, this evaluation will cover the
8 MHz PC-AT.

The critical timing in this system will be the amount of time
the MPA-II will have before it must deassert I0-CHRDY low
in order to extend the access cycle by adding wait states.
By deasserting IOCHRDY the MPA-II can extend a read or
write cycle until the correct data is available or written, re-
spectively.

As stated before, the MPA-Il is an 8-bit board so both the
170 and memory cycles will have 8-bit access cycles. In the
PC-AT, 8-bit 170 and memory cycles have the exact same
timing. There is always one command delay (0.5 T-states)
from the time ALE falls until the command strobe (IOR,
TOW, MEMR or MEMW) goes active low. Four programmed
wait states are inserted, forcing the command strobe to stay
active low for a minimum of 4.5 T-states. Figure B-5 shows
the relationship between ALE, the command strobes and
the bus cycles T-states.

For the following calculations the original IBM PC-AT sche-
matic has been used. This schematic can be found in IBM
Technical Reference Personal Computer AT.

In the PC-AT, both ALE and all of the command strobes are
controlled by an 82288 bus controller. The command
strobes will go active a short delay time after the 82288
inserts the command delay. (The delay time for an 8 MHz
82288 is T (delay 82288) = 25 ns.) After leaving the 82288,
MEMR and MEMW pass through a 74ALS244 before reach-
ing the expansion bus.

TABLE B-8. Data Memory Read and Write Parameters

Hitachi DP8344B BCP (Minimum)
HM62256 Read Write
Parameter RAM
o Full Half Full Half
(Minimum) Speed Speed Speed Speed
Access Time (tacc) 100 125.5 205
Wirite Pulse Width (tw) 60 96 96
Data Setup (tpw) 40 86 86
Output Enable (tsg) 84 84
Measurements are in ns.
Full Speed is 53 ns T-state with njy = 0 and npw = 1.
Half Speed is 106 ns T-state with nyy = 0 and npw = 0.
FIRST SECOND THIRD FOURTH
STATUS COMMAND PROGRAMMED | PROGRAMMED | PROGRAMMED | PROGRAMMED
[<— STATE STATE WAIT WAIT WAIT WAIT —>
STATE STATE STATE STATE

ALE

/\

\

/.

TL/F/10488-63

FIGURE B-5. Relationship of ALE, CMD, and Bus Timing
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So, T(delay 82288) + T(delay 74ALS244) is equal to the
maximum amount of time from the end of the command
delay until the command strobe reach the MPA-II.
T(strobes valid) = T(delay 82288) + T(delay 74ALS244)
=25ns + 10ns
= 35ns
In order to add wait states any expansion board must deas-
sert IOCHRDY low in time for it to propagate through a
74ALS32, then through a 74F74 (from preset to output), and
then setup to the 82284 by the end of the third programmed
wait state (which is also the beginning of the fourth wait
state). If the IOCHRDY signal also meets the 82284’s hold
requirement, then a fifth wait state will be added. Then
again, at the end of the fourth wait state if (OCHRDY is still
deasserted low a sixth wait state will be added. This will
continue until IOCHRDY is asserted high. On the other
hand, if IOCHRDY is deasserted too late (i.e. after the end
of the third programmed wait state), then the cycle will end
without adding any additional wait states.
The following is a calculation of the minimum amount of
time before the end of the third wait state that IOCHRDY
must be deasserted to add wait states: .
T(add wait) = T(delay 74ALS32 H-L) + T(74F74 P-Q) +
T(setup 82284)
=12ns + 25ns + Ons
37 ns
The maximum amount of time an expansion board has be-
fore it must deassert IOCHRDY (to add wait states) from the
command strobe being valid is: ‘
T(Max IOCHRDY) = 8.5T — T(strobes) — T(add wait)
where, T = 125 ns in a 8 MHz expansion bus. Therefore,
T(MAXIOCHRDY = 3.5(125ns) — 35ns — 37 ns
= 365.5 ns
This means that the MPA-ll has 365.5 ns to deassert
IOCHRDY (if wait states are needed) from the time it re-
ceives a valid remote access command strobe.
On the MPA-II, the command strobes are buffered by a
20L8B PAL to the BCP’s REM-RD and REM-WR inputs. The
BCP will respond to a valid remote access by deasserting
XACK a delay time after receiving a valid remote access
REM-RD or REM-WR strobe. XACK controls IOCHRDY via
a 16RA8 PAL.
The maximum delay from receiving a valid remote access
command strobe to deasserting IOCHRDY follows:
T(MPA-II IOCHRDY) = T(delay 20L8B) + T(XACK) 1 +
T(delay 16RA8)
=15ns + 26 ns + 35 ns
= 76 ns
The MPA-II will deassert IOCHRDY a maximum of 76 ns
after it receives a valid remote access command strobe.
One should notice 76 ns is much less than the maximum
allowable time of 365.5 ns.

As a final note, the reader should be aware that most faster
PC-AT’s still run their expansion buses at 8 MHz to remain
compatible. This means that the timing on these expansion
buses should remain the same as those on any other PC-AT
no matter how fast the CPU runs. Thus, the MPA-I! will run
in all PC-AT’s with 8 MHz expansion buses that follow the
original 8 MHz PC-AT’s expansion bus design. In fact, as
can be seen above, the MPA-II will run with bus speeds
faster than 8 MHz.

APPENDIX C
Filter Equations

Derivation of Filter

Equations for the Combined

Coax/Twisted Pair Interface

The basic operation of the filter can be understood by study-
ing the figure below. The actual circuit includes the effects
of the terminating resistors, DC isolation capacitors, and the
transformer; furthermore, a thorough investigation of band-
width and gain characteristics should employ the use of a
circuit simulator such as SPICE.

+ | i +
<
Vs :: R1 I. €2 vV,
cit R2 .

TL/F/ 0488—64

Simple loop analysis yields the following transfer function
for the filter:

(s)

Vo _ 2R2Ca
7 + +
S 24 s[ R1C1 + C2 (4Rz 291)] 1
2R4R2C1C2 R1R2C1C2

If it is assumed Ry >> Rp and Cy >> Cg, we can then
simplify the equation and solve for the poles to obtain the
following form:

1 1 1
+ —4
_ 2R,Cy \/4F|22 Cp2 (R1R20102)
47
After splitting the above equation to solve each pole and
using a binomial expansion to simplify each pole’s equation,
we get:

Il

= 20 kHz

fi=

1
7R1Cy
(vs. 30 kHz from simulation and testing)

th = = 40 MHz

47R2Co
(vs. 30 MHz from simulation and testing)
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Phone: (813) 643-1500

2-94




A Combined Coax-Twisted
Pair 3270 Line Interface for
the DP8344 Biphase
Communications Processor

This paper will discuss the design of an improved 3270
transceiver interface for the National Semiconductor
DP8344 combining increased error-free performance and
the ability to communicate over both coax and twisted pair
transmission lines. At this date, the largest installed base of
terminals is the 3270 protocol terminal which primarily uti-
lizes coax cabling. Because of phone wire’s easy accessibil-
ity and lower cost, twisted pair cabling has become popular
among end users for new terminal installations. In the past,
baluns have been used to augment existing coax interfaces,
but their poor performance and cost considerations leave
designers seeking new solutions. In addition, the integration
of coax and twisted pair on the same board has become a
market requirement, but this is a considerable design chal-
lenge. A brief summary of the interface concepts, a discus-
sion of the proposed design, and a description of the results
are included in this application note.

CONCEPTS

Coax cable is normally driven on the center conductor with
the shield grounded. Conversely, unshielded twisted pair ca-
ble is driven on both lines. Because of the way that each is
driven, coax operation is often called unbalanced and twist-
ed pair operation balanced.

Transmission line characteristics of coax and twisted pair
cables can be envisioned as essentially those of a low-pass
filter with a length-dependent bandwidth. In 3270 systems,
different data combinations generate dissimilar transmission
frequencies because of the Manchester format.2 These two
factors combine to produce data pulse widths that vary ac-
cording to the data transmitted and the length and type of
cable used. This pulse-width variation is often described as
“data jitter.”3

In addition to line filtering, noise can cause jitter. Coax cable
employs a shield to isolate the signal from external noise.
Electromagnetically balanced lines minimize differential
noise in unshielded twisted pair cable. In other words, the
twisted pair wires are theoretically equidistant from any
noise source, and all noise superimposed on the signal
should be the common-mode type. Although these methods
diminish most noise, they are not totally effective, and envi-
ronmental interference from other nearby wiring and circuit-
ry may still cause problems.

Besides the effects of jitter, reflections can produce undesir-
able signal characteristics that introduce errors. These re-
flections may be caused by cable discontinuities, connec-
tors, or improper driver and receiver matching. Signal edge
rates may aggravate reflection problems since faster edges
tend to produce reflections that may dramatically distort the
signal.3 Most reflection difficulties occur over short cable
(less than 150 ft.) because at these distances reflections
suffer little attenuation and can significantly distort the sig-
nal. Since the timing of the reflections is a function of cable
length, it may be possible to operate at some short distance
and not at some greater length.

National Semiconductor
Application Note 624
Tim Davis and David Weinman

An effective receiver design must address each of the
above concerns. To counteract the effects of line filtering
and noise, there must be a large amount of jitter tolerance.
Some filtering is needed to reduce the effects of environ-
mental noise caused by terminals, computers, and other
proximate circuitry. At the same time, such filtering must not
introduce transients that the receiver comparator translates
into data jitter.

Like the receiver design, a successful driver design should
compensate for the filtering effects of the cable. As cable
length is increased, higher data frequencies become attenu-
ated more than lower frequency signals, yielding greater dis-
parity in the amplitudes of these signals.4 This effect gener-
ates greater jitter at the receiver. The 3270 signal format
allows for a high voltage (predistorted) magnitude followed
by a low voltage (nondistorted) magnitude within each data
half-bit time.2 Increasing the predistorted-to-nondistorted
signal level ratio counteracts the filtering phenomenon be-
cause the lower frequency signals contain less predistortion
than do higher frequency signals. Thus, the amplitude of the
higher frequency components are greater than the lower
frequency components at the transmitter. Implementation of
this compensation technique is limited because nondistort-
ed signal levels are more susceptible to reflection-induced
errors at short cable lengths. Consequently, proper imped-
ance matching and slower edge rates must be utilized to
eliminate as much reflection as possible at these lengths.

Besides improved performance, both unbalanced and bal-
anced operation must be adequately supported. Electro-
magnetic isolation for coaxial cabling can be provided by a
properly grounded shield. Electrically and geometrically
symmetric lines must be maintained for twisted pair opera-
tion. For both cable types, proper termination should be em-
ployed, although terminations slightly greater than the char-
acteristic impedance of the line may actually provide a larg-
er received signal with insignificant refiection.3 In the board
layout, the comparator traces should be as short as possi-
ble. Lines should be placed close togsther along their entire
path to avoid the introduction of differential noise. These
traces should not pass near high frequency lines and should
be isolated by a ground plane.

BCP LINE INTERFACE DESIGN

An extensive characterization of the BCP comparator was
done to facilitate this interface design. The proposed design
enhances some of the BCP transceiver's characteristics
and incorporates the aforementioned suggestions.

The interface design takes into account the common com-
parator attributes of power supply rejection, variable switch-
ing offset, finite voltage sensitivity, and fast edge rate sensi-
tivity. Voo noise can atfect the comparator output when the
inputs are biased to the same voltage. This particular type of
biasing may render portions of the comparator susceptible
to supply noise. Variable switching offset and finite voltage
sensitivity cause the receiver decoding circuitry to see a
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substantial amount of data jitter when signal amplitudes ap-
proach the sensitivity limits of the comparator. At these sig-
nal magnitudes, considerable variation in the output of the
‘comparator is observed. Finally, edge sensitivity may allow
a fast edge to introduce errors as charge is coupled through
the inputs during a rapid predistorted-to-nondistorted level
transition, especially as the nondistorted level is reduced in
magnitude.

The receiver interface design (Figure 1) addresses each of
the BCP comparator’s characteristics. A small offset (about
17 ‘mV) separates the inputs to eliminate Vcc-coupled
noise. This offet is relatively large compared to possible fab-
"rication variations, resulting in a more consistent, device-
‘independent operation. The offset has the added benefit of
making the comparator more immune to ambient noise that

. may be present on the circuit board. A 2:1:1 transformer

(arranged as a 3:1) restores any voltage sensitivity lost by
introducing the offset. A bandpass filter is employed to re-
" duce the edge rate of the signal at the comparator and to
eliminate environmental noise. The bandwidth (30 kHz to
30 MHz) was chosen to provide sufficient noise attenuation
" while producing minimum data jitter. Refer to Appendix 2 for
a derivation of the filter equations.

Like many present 3270 circuits, the driver design (Figure 2)
utilizes a National Semiconductor DS3487 and a resistor
network to generate the proper signal levels. The predistort-
ed-to-nondistorted ratio was chosen to be about 3 to 1. This
ratio was observed to offer good noise immunity at short
cable lengths (less than 150 feet) and error-free transmis-

_sion to an IBM 3174 controller at long cable lengths (greater

than 5000 feet).

To allow for two interfaces in the same circuit design, the
coax/twisted pair front end (Figure 3) includes an ADC Tele-
communications brand TPC connector to switch between
coax and twisted pair cable. This connector allows different
male connectors for coax and twisted pair cable to switch in
different interfaces for the particular cable type. The coax
interface has only the shield capacitively coupled to ground.
The 5100 resistor and the filter loading produce a termina-
tion of about 959. The twisted pair interface balances both
lines and possesses an input impedance of about 1009Q.
This termination is somewhat higher than the characteristic
impedance (about 969) of twisted pair. Terminations of this
type produce reflections that do not tend to generate mid-bit

“errors, as well as having the benefit of creating a larger

voltage at the receiver over longer cable lengths.
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FIGURE 2. BCP Driver Design
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FIGURE 3. BCP Coax/Twisted Pair Front End

RESULTS AND COMPARISONS

The evaluation involved producing multiple data transfers
between an IBM 3174-81R and the device under test during
a live 3270 session. The preferred method of testing would
be to transfer extremely large files to the host. Since termi-
nals and muxes cannot transfer files and all devices being
tested needed to be evaluated under similar conditions, a
screen-oriented approach was taken for testing. The
screen-oriented approach involved using common methods
for forcing the controller to send an entire screen of charac-
ters to the device. Procedural specifics are included in Ap-
pendix 1.

Performance of the BCP interface typically extended over
7000 feet of RG62A/U coax and 1700 feet of AT&T DIW
4 pair/24 AWG unshielded twisted pair. This operation met
or exceeded many of the current 3270 solutions. The per-
formance of other 3270 products was obtained from pro-
duction stock of competitors’ equipment and should be tak-
en as typical operation. Although these fong distances are
possible, it is recommended that companies specify their
products to IBM’s PAI2 specifications of 5000 feet of coax
cable. The extra long distance capability of the new inter-
face will assure the designer a comfortable guardband of
performance. Similarly, a 50% margin on the unshielded
twisted pair capability will give approximately a 900 foot
specification.

It should be noted that the BCP receiver detects errors be-
fore the controller does. This is because of comparator
skew, a mechanism that occurs when the amplitude of the
signal approaches the sensitivity of the comparator. At
these small levels, propagation symmetry for high-to-low
and low-to-high transitions is lost. The failure mechanisms
of competitors include insufficient receiver jitter tolerance,
filter transients, and comparator skew. Operational distance
may be extended by the utilization of transformers with high-
er turn ratios as long as considerations are taken for imped-
ance matching, driver loading, and component quality toler-

ances (higher turn ratios may demand circuits with very low
tolerance percentages).

There are also economical advantages in using the BCP
comparator. The number of active and passive components
required to build the line interface is small compared to
competing solutions. The proposed design is extremely cost
competitive with current media solutions.

CONCLUSION

An effective and economical 3270 interface solution has
been demonstrated using only passive components and a
line driver. Guidelines have also been suggested to facilitate
the design and layout of such an interface. Criteria concern-
ing board layout and noise suppression must be considered
to be at least as important as the components themselves;
for example, adjustments should be made for variations in
board capacitances and inductances. With only slight modi-
fication of the components given for this design, it is thus
likely that optimum performance can be obtained for a spe-
cific layout. Implementation of these design principles
should prove advantageous for the development of an effi-
cient and competitive 3270 line interface.
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APPENDIX 1:

TEST PROCEDURE FOR LONG AND SHORT

DISTANCE TESTING
1. Enter Test mode on the 3174 controller.

2. Clear the error counters.

3. Hit the Clear key rapidly 30 times. This will repaint the

screen with the test menu very rapidly. This is a quick

and easy method to cause an entire screen of charac-
ters to be sent to either an emulation card or a terminal
over the coax.

. Exit Test mode.

. LOGON to a session on the host.

. Issue the FILELIST command.

. Hit the Clear key 20 times. After the controller clears
the screen, it will repaint the FILELIST menu each time.
This will again cause an entire screen of characters to
be sent over the coax to the device under test.

8. XEDIT a 40k file text file.

9. Page through the entire file forwards once, then back-
wards once. Again, this will cause a varied stream of
transmissions to be sent to the device under test.

10. LOGOFF the session.

11. Enter Test mode again.

12. Check for errors on the error test screen.

N O oA

APPENDIX 2:

DERIVATION OF FILTER EQUATIONS

The basic operation of the filter can be understood by study-
ing the figure below. The actual circuit includes the effects
of the terminating resistors, DC isolation capacitors, and the
transformer; furthermore, a thorough investigation of band-
width and gain characteristics should employ the use of a
circuit simulator such as SPICE.

cl
+ | +
>
Vg SR €2 v
c 1 R2 .

TL/F/10448-4

Simple loop analysis yields the following transfer functian
for the filter:

1
Vo _ zmec2®
Vs 32+S[R1C1+02(4R2+2R1) + 1
2R1R2C1C2 R1R2C1C2

If it is assumed R1 >> R2 and C1 >> C2, we can then
simplify the equation and solve for the poles to obtain the
following form:

1 1 1
ZR2C2 \/4H22 caz ! (m R2G1 02)
= 4
After splitting the above equation to solve each pole and
using a binomial expansion to simplify each pole’s equation,
we get:

1
i —— =<
1= 20 kHz
(vs. 30 kHz from simulation and testing)
1
= arRace ~ 4OMH

(vs. 30 MHz from simulation and testing)
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Interfacing Memory to the
DP8344B

As with most other aspects of a design, choosing memory is
a cost vs. performance trade off. Maximum performance is
achieved running no wait-states with fast, expensive memo-
ry. Slower, less expensive memory can be used, but wait-
states must be added, slowing down the BCP. Therefore
one needs to choose the slowest memory possible while
still meeting design specifications. While this article as-
sumes RAM is used for instruction and data memory, the
information is relevant to memory devices in general.

The BCP needs separate data and instruction RAM, each
with their own requirements. Instruction read time is the ma-
jor constraint when choosing instruction RAM. Instruction
read time, t), as shown in Figure 71, is measured from when
the instruction address becomes valid to when the next in-
struction is latched into the BCP. Instruction read time for
various clock frequencies and wait states are given in Table
I. Clock frequency and wait state combinations other than
those given in the table can be calculated by the following
equation:

T
t=103(1 + TL + nw)/fcpu — 19

where t; is the instruction read time (ns), nw is the number
of instruction memory wait states, T|_is the CPU clock low
pulse width (ns), T is the CPU clock period (ns), and fcpy is
the clock frequency (MHz) at which the CPU is running. The
RAM chosen needs to have a faster access time than the
read time for the desired combination of clock frequency
and wait states. However, instruction read time is not the
only timing consideration when choosing instruction RAM. If
the BCP is used in an application which requires full speed
softloading of instruction RAM, there are two other timing
relationships which require evaluation. These are data setup
time and write pulse width. The relevant BCP timing param-
eters are | valid before WR rising, tpp.1.;\wR, and IWR. low
time, tw.jwR. The value of these timing parameters depends
on the Remote Interface mode of operation. More detailed
information can be found in the Device Specifications and
the Remote Interface and Arbitration System sections of the
BCP data manual. Note that in a typical application of the
BCP, softloading occurs after reset with the BCP operating
with CLK/2 and full wait states. Under these conditions the
instruction read time value is the critical parameter for
choosing the instruction RAM.

ul T2 T
aar _/\_ /L

10-15 X

X
et —]
TL/F/10447-1

FIGURE 1. Instruction Read Time
TABLE 1. Instruction Read Times, t) (ns)

|A0-15

CPU Wait States
Clock Freq.
(MHz) 0 1 2
(TL/T = 0.5)
9.43 140 246 352
18.86 60 113 166
20.00 56 106 156
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The selection of data memory RAM requires the evaluation
of several important timing parameters. The RAM access
time, strobe width, and data setup times are three of the
most critical timing parameters and must all be matched to
equivalent BCP timing parameters. The RAM access time
should be compared to the data read time of the BCP. The
following discussion assumes 3 T-state data memory read
timing ([4TR] = 0). However, the basic approach is applica-
ble to the less critical 4 T-state data memory read timing.
Detailed information on this mode can be found in the CPU
Description and the Device Specifications sections of the
BCP data manual.

Data read time, tp, (Figure 2) is measured from when the
data address is valid to when data from the RAM is latched
into the BCP. Table Il gives data read times. The equation
for calculating data read time is similar to the one given for
instruction read time:

T
tp=103(2 + T + MAX (npw, nyw — 1))/fcpy — 40

where tp is the data read time (ns), npw is the number of
data memory wait states, nyy is the number of instruction
memory wait states, T|_ is the CPU clock low pulse width
(ns), T is the GPU clock period (ns), and fcpy is the clock
frequency (MHz) at which the CPU is running. Since the
lower address byte (AD) is externally latched, the latch
propagation delay needs to be subtracted from the available
read time when determining the required RAM access time.

T X 12 T1
axear /T

' X ZX )
M— o
ALE / \
o 2222777777777 X ok LT
A
— ‘SR f—
READ —
ety 1|
e tg —]

TL/F/10447-2
FIGURE 2. Data Memory Read Timing

TABLE Il. Data Read Time, tp (ns)

CPU Wait States
Clock Freq. MAX(npw, mw — 1)
(MHz) [} 1 2
(TL/T = 0.5)
9.43 225 331 437
18.86 92 145 198
20.00 85 135 185

Another important timing parameter is the RAM strobe
width. The BCP READ and WRITE outputs will typically be
used to strobe data out of and into the RAM. The signal
relationships for a data memory access are shown in Figure
2 for a read and in Figure 3 for a write. Table ill contains
READ and WRITE pulse width values for various clock fre-
quencies and wait state combinations. The equation for cal-
culating READ and WRITE pulse width is:
tw = 103(1 + MAX(npw, nyw — 1)/fcpy — 10
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where tw is the pulse width (ns), npw is the number of data
memory wait states, ny is the number of instruction memo-
ry wait states, and fcpy is the clock frequency (MHz) at
which the CPU is running. The RAM chosen should require
shorter strobe widths than the pulse width listed in Table il
for the desired combination of clock frequency and wait
states.

T X 12 ul
axar _/ N/

| Xz ZA XZ
I X X=
L e N
AD ADDR DATA
A 7.4
— ‘W

—
WRITE /
t: ty —

TL/F/10447-3
FIGURE 3. Data Memory Write Timing

TABLE lil. READ and WRITE Pulse Width, ty (ns)

and fcpy is the clock frequency (MHz) at which the CPU is
running. The data memory RAM used needs to have a fast-
er output enable time than the time listed in Table IV for the
desired combination of clock frequency and wait states.

TABLE IV. Data Read Setup Time, tgg (ns)

CPU Wait States
Clock Freq. MAX(npw, \w — 1)
(MHz) 0 1 2
9.43 84 190 296
18.86 31 84 137
20.00 28 78 128

CPVU Wait States
Clock Freq. MAX(npw, mw — 1)
(MHz) 0 1 2
9.43 96 202 308
18.86 43 96 149 -
20.00 40 90 140

The last important consideration when choosing the data
memory RAM is setup times into the BCP on a read and into
the RAM on a write. In a typical application, READ is con-
nected to the output enable pin on the RAM. When reading
from the RAM, the data becomes valid when READ falls
and activates the RAM outputs. The data must become val-
id fast enough to meet the setup time required by the BCP.
This setup time tggr, as shown in Figure 2, is listed in Table
IV for various combinations of clock frequencies and wait
states. It can be calculated from the following equation:

tsr = 103(1 + MAX(npw, mw — 1)/fcpy — 22
where tgg is the maximum time allowed for the data to be-
come valid (ns), npw is the number of data memory wait
states, njy is the number of instruction memory wait states,

When writing to data memory, the data must be valid in time
to meet the setup time requirement of the RAM. In a typical
application, this time is measured from the data becoming
valid out of the BCP to WRITE going high. Figure 3 shows
this timing relationship, tpw, and Table V contains times for
various combinations of clock frequencies and wait states.
The equation for calculating this time is:
tow = 103(1 + MAX(npw,mw — 1))/fcpy — 20

where tpw is the minimum data valid time before WRITE
rising (ns), npw is the number of data memory wait states,
nw is the number of instruction memory wait states, and
fcpu is the clock frequency (MHz) at which the CPU is run-
ning. This time should be at least as long as the data setup
time of the RAM.

TABLE V. Data Write Valid Time, tpw (ns)

CPU Wait States
Clock Freq. . MAX(npw, qw — 1)
(MHz) Py 1 2
9.43 94 200 306
18.86 41 94 147
20,00 30 80 130

Instruction RAM has the greatest effect on execution speed.
Each added instruction memory wait state slows the BCP by
about 40% as compared to running with no instruction
memory wait states. Each added data memory wait state
slows a data access by 33% as compared to running with
no data memory wait states. RAM costs are coming down,
but higher speed RAM still carries a price premium. So there
is the trade-off.
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DP8344 BCP Stand-Alone
Soft-Load System

INTRODUCTION

The DP8344 Biphase Communications Processor (BCP) is a
20 MHz Harvard architecture microprocessor with an on-
chip transmitter and receiver. The BCP can be used to im-
plement several biphase communication protocols:
IBM 3270, IBM 3299, IBM 5250, and National’s general pur-
pose 8-bit protocol. This application note shows how

National Semiconductor
Application Note 504
Jim Margeson

DPB8344 software can be loaded from EPROM into instruc-
tion RAM. It is particularly valuable in stand-alone systems
where the BCP is not interfaced to a host processor. Possi-
ble applications include: protocol converters, multiplexers,
high-speed remote data acquisition systems and remote
process control systems.
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FIGURE 1. BCP System with Host Processor
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FIGURE 2. BCP Stand-Alone System with EPROM Soft Load Circuit
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WHY EPROM SOFT-LOAD?

In a stand-alone application, the BCP instruction code must
be kept in non-volatile memory. Instruction memory with
45 ns access time is required to run the BCP at full speed.

EPROM at this speed can be quite expensive, much more
than 45 ns RAM or 350 ns EPROM. RAM with 45 ns access
time can be used for instruction memory if a scheme is em-
ployed to load the BCP code into the RAM from slow
(350 ns), inexpensive EPROM, upon power-up.

In non-stand-alone applications, a host processor would
communicate with the BCP through the BCP’s built-in re-
mote interface (Figure 7). In such a system, BCP code
would be loaded from the host into the BCP’s instruction
RAM using the remote interface. In a stand-alone system,
however, the BCP is not interfaced to a host; the program is
loaded from EPROM through the remote interface. As
shown in Figure 2 a PAL® sequencer controls the loading of
the program, generating handshaking .signals similar to
those of a typical host processor. When the load is com-
plete, the sequencer tells the BCP to begin execution of the
program. S

HOW THE SOFT-LOAD CIRCUIT WORKS

The BCP, as configured in this system,.comes up halted

after reset (Figure 3). The program counter is set to zero,
and the remote interface is configured to receive -16-bit in-

structions in 8-bit pieces and write them into instruction.

memory. The BCP has the feature that it can be configured

to come up stopped or to begin program execution after a
reset has occurred. If the following conditions are true when
reset is de-asserted then the processor will begin running:
RAE~ (Remote Access Enable, active low) = High,
REMWR~ (Remote Write, active low) = low, REMRD~
(Remote Read, active low) = low. Otherwise, it will come up
halted.

The PAL sequencer begins the software load by writing the
low byte of the first instruction to the remote interface. A
simplified flowchart of the sequence operation is shown in
Figure 4.

This byte comes from address 0000H of the EPROM. The
corresponding locations of EPROM and RAM are shown in
Figure 5. The least significant address line of the EPROM is
controlled by the sequencer; the other address lines are
driven by the instruction ‘address bus of the BCP. The in-
struction address bus reflects the contents of the BCP's
program counter (PC), which contains the destination of the
instruction currently being loaded. After the low byte of the
first instruction is* written to the remote interface, the se-
quencer brings the least significant address line of the
EPROM high. Now location 0001H of the EPROM is ad-
dressed, and the high byte of the firstinstruction is written to
the remote interface. At this point the BCP writes both bytes
into address 0000H of instruction RAM, and increments its

- program counter.

A\

*r\Iv
TRANSFER

LOW BYTE OF
INSTRUCTION

h 4

TRANSFER HIGH
BYTE OF

INSTRUCTION

START
THE
BCP

TL/FI9403-5

FIGURE 4. Sequencer Operation
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EPROM Instruction
Address Memory Address
0 0 (Low Byte)
1 0 (High Byte)
2 1 (Low Byte)
3 1 (High Byte)
4 2 (Low Byte)
5 2 (High Byte)
L] L] L]
° L ] L]
[ ] L[] L ]
L] L ] L]
16382 8190 (Low Byte)
16383 8191 (High Byte)

FIGURE 5. EPROM to RAM Address Mapping

The first 16-bit instruction has been transferred; the second
is done in a similar manner. The sequencer brings the least
significant address line of the EPROM low again. The PC

now contains 0001H, which is output on the instruction

address bus. Location 0002H of the EPROM is addressed,
and the low byte of the second instruction is written to the
remote interface. The sequencer then brings the least sig-
nificant address line of the EPROM high (to address loca-
tion 0003H) and the high byte of the second instruction is
transferred. The BCP writes the second 16-bit instruction to
location 0001H of instruction RAM. This process is repeated
until the last instruction is transferred.

The sequencer senses that the load is complete when in-
struction address line 13 comes high. This occurs when the
program counter is incremented to a value of 4000H, indi-
cating that 8K instruction words have been transferred. At
this point the BCP must be started. To achieve this, the
sequencer resets the BCP again, while holding RAE~ high,
REMRD~ low, and REMWR~ low. A reset during these
conditions brings the processor up running, and also clears
the program counter. The BCP begins execution at instruc-
tion address 0000H and the sequencer and EPROM go into
an inactive state, transparent to the software being execut-
ed. A detailed version of the sequencer flowchart is shown
in Figure 6. A hardware compiler/minimizer was used to ob-
tain the equations shown in Figure 7. These equations were
used to program a National PAL16R6B. Typical timing
waveforms of the soft-load are shown in Figure 8.
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There are several advantages to using the remote interface
to load the BCP software. If a scheme like the one in Figure
9 was used to load the program directly from EPROM to
instruction RAM, much more hardware would be required
and the access time of the RAM would need to be shorter.
Two EPROMSs would have to be used instead of one be-
cause the transfer would be 16 bits wide instead of 8 bits. In
this case the BCP’s program counter could not be used to

DMPAL16R6EB ; SOFTLOAD
CK LCL XACK IA13 RESET NC6 NC7 NC8 IWR GND

increment through the memory locations, thus an external
13-bit counter would be needed. TRI-STATE® buffers would
isolate the RAM and EPROM from the instruction data and
instruction address busses during soft-load. These buffers
would add propagation delays to memory accesses de-
manding that faster RAM be used. Soft-loading through the
remote interface requires fewer I.C.’s and does not degrade
the performance of the processor.

JOE /BRESET /REMWR /EPAO /CS /ST2 /STl /REMRD /LCLINV VCC

JREMRD := RESET* /REMRD* CS* /EPAO* /REMWR
+ RESET* /REMRD* ST2% 0S* /REMWR
+ RESET* /REMRD* ST1* os* /REMWR
+ RESET*IA13* REMRD*/ST1*/ST2%/CS*/EPAO* REMWR
/STl := RESET* REMRD*/ST1* ST2*/CS
+ RESET* REMRD* ST1*/ST2*/CS
+ RESET* JREMRD* ST1*/ST2% CS* /REMWR
+ RESET* JREMRD* /ST1* ST2% (CS* JREMWR
+ RESET*/XACK*REMRD* /ST2%/CS* /REMWR
/ST2  := RESET* REMRD* ST2*/CS
+ RESET*/XACK*REMRD* /ST1* /C5* /REMWR
+ RESET* /REMRD* ST2* CS* JREMWR
+ RESET* /REMRD* /ST1* ¢S* EPAO*/REMWR
+ RESET* REMRD* ST1%/ST2% CS* EPAO* REMWR
/Cs := RESET* REMRD* /CS* JREMWR
+ RESET* REMRD* ST1* /CS
+ RESET* REMRD* /CS* EPAQ
+ RESET* REMRD* ST2%/CS
+ RESET* REMRD* ST1* ST2* EPAO* REMWR
+ RESET*/IA13*REMRD* /cs
*/EPAO := RESET* REMRD* ST2*/CS*/EPAO
+ RESET*/XACK*REMRD* /0S* /EPAO
+ RESET* REMRD* /CS*/EPAO* REMWR
+ RESET* REMRD* ST1* /CS*/EPAO
+ RESET* /REMRD* ST1* CS* /EPAO* /REMWR
+ RESET* /REMRD* ST2% (S*/EPAO*/REMWR
+ RESET*XACK* REMRD*/ST1*/ST2*/CS*EPAQ* /REMWR
+ RESET* REMRD* ST1* ST2+% CS*EPAO* REMWR
/REMWR := RESET* JREMRD* ST2* /0S* /REMWR
+ RESET* REMRD* ST1* /0S* /REMWR
+ RESET* JREMRD* CS* /EPAO* /REMWR
+ RESET* /REMRD* ST2* (S* /REMWR
+ RESET* REMRD* /ST1*/ST2* /CS* REMWR
+ RESET* /REMRD* ST1* cs* /REMWR
+ RESET*/XACK*REMRD* /CS* /REMWR
/BRESET = /RESET + /REMRD*/ST1* CS* /EPAO* /REMWR
JLCLINV = LCL
"FIGURE 7
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Timing at Beginnlng of Instruction Load
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Timing at End of Instruction Load
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FIGURE 8. Example of Timing Waveforms
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FIGURE 9. Another Method of Soft-Loading (A Non-Ideal Solution)

MODIFYING THE SOFT-LOAD SYSTEM
FOR LARGER MEMORY

The soft-load system as documented loads 8K x 16 bits of
instruction memory. Large programs may require more
memory; smaller, lower cost systems may use less. The
soft-load system can easily be altered to load larger or
smaller instruction memory by changing one connection.

Connecting a different instruction address line to pin 4 of
the PAL changes how much instruction memory is loaded:
These connections are shown in Figure 10.

Instruction Memory Size: | Connect Pin 4 of PAL to:
32kx 16 1A15
16k x 16 1A14
8kx 16 IA13
4k x 16 1A12 .
2kx 16 IA11

FIGURE 10. Connections for Altering
Instruction Memory Size

USING THE CAPSTONE CT-104 DEVELOPMENT BOARD
TO EVALUATE THE SOFT-LOAD APPLICATION

A DP8344 biphase Communications Process development
board is available from Capstone Technology Inc., of Fre-
mont, California. The board is designed to reside in an IBM®
PC. A breadboard area is provided on the board so that
custom circuitry can be added. It can be converted into a
stand-alone soft-load system by wire-wrapping three addi-

tional I.C.’s into the breadboard area. A diagram of the
CT-104 board with the additional components is shown in
Figure 11. Note that most of the prototyping area remains
available, enabling the addition of other circuitry specific to
the application being developed. A parts list is shown in
Figure 12. The PAL16R6 is programmed with the equations
shown in Figure 7. U22 and U23 must be removed from the
CT-104 board and be replaced with specially wired 20-pin
headers. The wiring on these headers, shown in Figure 13,
provides access to the RESET~ signal and disables the
unused interface circuitry on the board. Pin 11 of the header
that replaces U23 must be wired to pin 13 of the 74LS14. A
wiring list is shown in Figure 14. Power supply connections
must be added because the board can no longer reside in
the PC. Development of a stand-alone soft-load application
can be done easily and quickly by using the CT-104 board
because minimal circuit construction is required.

SUMMARY

The soft-load circuit uses the BCP's remote interface to
load BCP code from slow EPROM to fast RAM, with a mini-
mum of extra hardware. This method is useful in systems
where there is no host processor directly interfaced to the
BCP and the full processing speed of the BCP is needed.
The circuit can easily be modified to load different sizes of
memory. The Capstone Technology, Inc. CT-104 develop-
ment board can easily be converted to a stand-alone soft-
load system for evaluation of the application.
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GENERAL PROTOTYPING AREA CRYSTAL COAX
UP 10 64K DP8344 LINE
NMC27CP128 EPROM INSTRUCTION INTERFACE
BCP PINS DORESS BCP
BYPASS CAPACITORS AND MEMORY Aum
PC BUS
SIGNALS |
FOR CUSTOM COAX BNC
T4LS14 \D PROTO- WP T0 64K LINE OR
PALI6RS TYPING DATA PC 8US INTERFACE TWINAX
MEMORY INTERFACE PROTOTYPING CONNECTOR
1 —

FIGURE 11. CT-104 Development Board with Soft-Load Circuitry

NMC27CP128 350 ns access time or faster
PAL16R6B

DM74LS14N

28-pin wire-wrap socket

20-pin wire-wrap socket

14-pin wire-wrap socket

3 Bypass capacitors, 0.1 pF

2 50-pin wire-wrap strips, 2 pins wide

2 20-pin headers
FIGURE 12, Parts List for Conversion of CT-104 Board

20 1

o o o o o o o—m—m———>p
Pin 13 of U102

0O 0 000 0 0 0 0 0 o
1 Replaces U23 10
20 1"
SALSSRERE
0O 0 0 0 0 0o © o o
1 Replaces U23 10

FIGURE 13. Header Wiring for Conversion of CT-104 Board
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Pin Unit to Pin Unit Pin Unit to Pin Unit
1 U100 — VvCC 28 U100 — vcC
2 u100 12 w1 1 U101 17 w2

3 U100 7 w1 2 U101 11 w2
4 U100 6 W1 3 U101 7 w2
5 U100 5 w1 4 U101 14 w1

6 U100 4 Wi 5 U101 10 U102
7 u100 3 w1 6 U101 — GND
8 U100 2 Wit 7 u1o1 — GND
9 U100 1 W1 8 u101 — GND
10 U100 14 U101 9 U101 50 w1
11 U100 33 W1 10 U101 - GND
12 U100 34 W1 11 U101 49 w2
13 U100 35 W1 12 U101 8 w2
14 U100 — GND 13 U101 48 w2
15 U100 36 W1 15 U101 46 w2
16 U100 37 W1 18 U101 47 w2
17 U100 38 w1 20 U101 — vce
18 U100 39 W1 1 U102 — GND
19 U100 40 w1 3 U102 —_ GND
20 U100 46 w2 5 U102 — GND
21 U100 10 W1 7 u102 — GND
22 U100 19 u10t 9 u102 — GND
23 U100 1 w1 1 U102 12 U102
24 U100 9 W1 13 U102 11 U23 HEADER
25 U100 8 W1 14 U102 — VCC
26 U100 13 w1 45 w2 — GND
27 U100 — vCC

FIGURE 14. Wiring List for Conversion of CT-104 Board
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“Interrupts”—A Powerful
Tool of the Biphase
Communications Processor

When you have only 5.5 s to respond you have to act fast.
This is the amount of time specified in the IBM 3270 Product
Attachment Information document as the maximum time al-
lowed to respond to a message in a 3270 environment. This
5.5 us is why the DP8344 interrupts are specifically tailored
for the task of managing a communications line and feature
very short latency times. This article contains information
that will help the user to take better advantage of the exten-
sive interrupt capability found in the DP8344.

The DP8344 has two external and four internal interrupt
sources. The external interrupt sources are the Non-Maska-
ble Interrupt pin, (NMI), and the Bi-directional Interrupt Re-
Quest pin (BIRQ). A Non-Maskable Interrupt is detected by
the CPU when NMI receives a falling edge. The falling edge
is captured internally and the interrupt is processed when it
is detected by the CPU as described later. BIRQ can func-
tion as both an interrupt into the DP8344 and as an output
which can be used to interrupt other devices. When BIRQ is
configured as an input an interrupt will occur if the pin is
held low. Note that BIRQ is not edge sensitive and if the pin
is taken back high before the interrupt is processed by the
CPU then no interrupt will oceur.

The internal interrupts consist of the Transmitter FIFO Emp-
ty (TFE) interrupt, the Line Turn Around (LTA) interrupt, the
Time Out (TO) interrupt, and a user selectable receiver in-
terrupt source.

The receiver interrupt source is selected from either the Re-
ceiver FIFO Full (RFF) interrupt, the Data Available (DA)
interrupt, or the Receiver Active (RA) interrupt. The RFF
interrupt occurs when the receive FIFO is full or if the re-
ceiver detects an error condition. This interrupt enables the
user to handle packets of data as opposed to handling ev-
ery data word individually. It also allows the program to
spend additional time performing other tasks. However,
since the RFF interrupt is only asserted when the receive
FIFQ is full, the LTA interrupt should be used in conjunction
with RFF to allow the program to check the FIFO for addi-
tional words at the end of a message. The DA interrupt
indicates valid data is present in the receive FIFO and also
occurs if the receiver detects an error condition. It should be
used when it is desirable to handle each data word individu-
ally. The DA interrupt also allows the program to utilize the
time between receiving each data word for performing other
tasks. The RA interrupt is asserted when the receiver de-
tects a valid start sequence. It provides the user with an
early indication of data coming into the receiver. This allows
the program time to perform any necessary overhead activi-
ty before handling the receiver data. The RA interrupt is
asserted approximately 90 transceiver clock cycles prior to
data becoming available in the receive FIFO when using
3270 mode. Consequently, if the transceiver and CPU are
operating at the same clock frequency, approximately 90
clock cycles (T-states) are available for interrupt latency
and taking care of overhead prior to handling the received
data.

A TFE interrupt occurs when the last word in the transmit
FIFO is loaded into the encoder. This interrupt allows a pro-
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gram to continue working on another task while the trans-
mitter is sending data. It is especially useful when sending a
long message. When the transmit FIFO becomes empty the
program is alerted by the TFE interrupt and may continue
the message by loading additional words into the FIFO. This
approach frees up a significant amount of processing time.
For example, after the transmit FIFO is loaded it takes the
transmitter approximately 264 transceiver clock cycles to
send the starting sequence and two data words in 3270
mode. With the CPU operating at the transceiver clock fre-
quency, the program has approximately 264 T-states avail-
able before the TFE interrupt will occur.

Once the TFE interrupt occurs the CPU has approximately
80 transceiver clock cycles to load the transmit FIFO in or-
der to continue a multiframe message in 3270 mode. If the
CPU is operating at the transceiver clock frequency, the
program has approximately 80 T-states to accomplish the
load operation. Since the load to the Receive/Transmit
Register, (RTR}, only takes 2 T-states, 78 T-states are
available for interrupt latency and processing overhead after
the interrupt occurs.

The LTA interrupt provides an easy means for determining
the end of a message. This allows a program to quickly
begin transmitting after the end of a reception. The LTA
interrupt indicates that the receiver detected a valid end se-
quence in 3270 mode of operation. In 5250 operating mods,
the LTA interrupt occurs when the last fill bit has been re-
ceived and no further input transitions are detected by the
receiver. However, a LTA interrupt does not occur in 5250
or 8-bit non-promiscuous modes of operation unless an ad-
dress match was decoded by the receiver.

The TO interrupt occurs when the CPU timer counts down
to zero. The timer provides a flexible means for timing
events. It is a sixteen bit counter which can be loaded by
accessing CPU registers {TRH} and {TRL} and is con-
trolled by the [TCS], [TLD] and [TST] bits in the Auxiliary
Contro! Register, {ACR}.

After an interrupt occurs the event that generated it must be
handled in order to clear the interrupt. The exception to this
is NMI. Since itis falling edge triggered, it is cleared internal-
ly when the CPU processes the interrupt. The actions nec-
essary to clear the interrupts are listed in Table I.

In the case where BIRQ is asserted, the response will be
dependent on the system design. Ordinarily, this response
would involve some hardware handshaking such as reading
or writing a specific data memory location. When internal
interrupts become asserted there are specific actions which
must be taken by a program to clear these interrupts. The
RFF interrupt is cleared when the receive FIFO is no longer
full and any errors detected by the receiver are cleared.
Data is read from the receive FIFO by reading {RTRJ.
Reading the Error Code Register, (ECR}, clears any errors
detected by the receiver. The DA interrupt is cleared when
the receive FIFO is empty and any errors detected by the
receiver are cleared. The RA interrupt is cleared by reading
{RTR} or {ECR}. All three receiver interrupts are cleared
when the transceiver is reset. In many cases, resetting the
transceiver is the preferable response to an error detected
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TABLE I. Clearing Interrupts

Interrupt

How to Clear Interrupt

NMI

Internally Cleared When Recognized by the CPU.

RFF

Read {RTR} When Receive FIFQ is Full.

Read {ECR} When an Error Occurs.

Read (ECR} and {RTR} When an Error Occurs
and Receive FIFO is Full.

Reset the Transceiver.

Reset the DP8344.

DA

Read {RTR} When Receive FIFO is Not Empty.

Read {ECR} When an Error Occurs.

Read {ECR} and {RTR} When an Error Occurs
and Receive FIFO is Not Empty.

Reset the Transceiver.

Reset the DP8344.

Read (RTR} or {ECR}.
Reset the Transceiver.
Reset the DP8344.

Write to (RTR].

LTA

Write to (RTRJ.
Reset the Transceiver.
Reset the DP8344.

Write a One to {NCF} Bit 4.

@
D
[®)

System Dependent.

Write a One to {CCR] Bit 7.
Stop the Timer.
Reset the DP8344.

by the receiver. The TFE interrupt is cleared by writing to
{RTR]}. Unlike the receiver interrupts, the TFE interrupt is
asserted when the transceiver is reset. The LTA interrupt is
also cleared by writing to {RTR]} or resetting the transceiv-
er. In addition, it may be cleared by writing a one to bit 4 of
the Network Command Flags register, {NCF}. The last in-
ternal interrupt is TO. It is cleared by writing a one to bit 7 in
the Condition-Code Register, {CCR} or by stopping the tim-
er. Note that the timer reloads itself and continues to count
after the interrupt has been generated regardless of wheth-
er a one is written to bit 7 in {CCR].

With the exception of NMI, all of the interrupts are disabled
when the DP8344 is reset. In order to make use of the inter-
rupts they must be enabled in software. Software enabling
and disabling of the interrupts is performed by changing the
state of the Global Interrupt Enable, [GIE], bitin {ACR} and
the state of the individual interrupt mask bits in the Interrupt
Control Register, {ICR]}.

[GIE] is a read/write register bit and so may be changed by
using any instruction that can write to {ACR]. In addition,
the RET, RETF, and EXX instructions have option fields
which can be used to alter the state of [GIE]. RET and
RETF are the return instructions in the DP8344 and EXX is
used to exchange register banks. The EXX instruction can
set or clear [GIE] as well as leaving it unchanged. The RET
and RETF instructions can restore [GIE] to the value that

was saved on the address stack at the time the interrupt
was recognized. They also provide the options of clearing or
setting [GIE] or leaving it unchanged. [GIE] is cleared when
an interrupt is recognized by the CPU in order to prevent
other interrupts from occurring during an interrupt service
routine. The [GIE] options described above facilitate en-
abling and disabling interrupts when returning from an inter-
rupt service routine. The restore option is especially useful
with the NMI. Since a Non-Maskable Interrupt can occur
whether [GIE] is set or cleared, the restore [GIE] option can
be used in the return instruction to put [GIE] back to its
state prior to the interrupt occurring. :

As the name implies, [GIE] affects all the maskable inter-
rupts. However, in order to use any of these interrupts they
must be unmasked by changing the state of their associated
mask bit in {ICR}. When set high, bits [IM0], [IM1], [IM2],
[IM3], and [IM4] in {ICR} mask the receiver interrupt, TFE
interrupt, LTA interrupt, BIRQ interrupt, and TO interrupt re-
spectively. To enable an interrupt, its mask bit must be set
low. The interrupts and associated mask bits are shown in
Table II. These bits are set high when the DP8344 is reset.
Bits [RIS1] and [RISO] in {ICR} are used to select the
source of the receiver interrupt as shown in Table Ill. Note
that only one of these interrupts can be active as the source
of the receiver interrupt.
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TABLE Hl. ‘[ICR! Interrupt Mask Bits

interrupt service routine. The return instruction at the end of

and Interrupt Priority the interrupt service routine would then return to the ad-
R dress at which the interrupt occurred. By changing {IBR} it
Interrupt Mask Bit Priority is possible to locate the interrupt jump table in memory
NMI — Highest wherever it is convenient or for one program to use more
RFF, DA, RA IMO than one interrupt jump table.
TFE M1 TABLE IV. Interrupt Vector Generation
LTA IM2
BIRQ IM3 Interrupt Code
TO IM4 Lowest NMI 111
RFF, DA, RA 001
TABLE Ill. {ICR} Receiver Interrupt Select Bits TFE 010
Receiver Interrupt LTA 011
RiS1 RISO
Source BIRQ 100
0 0 RFF 10 101
0 1 DA
1 0 Reserved Interrupt Vector
1 1 RA {IBR} Contents 0 0 0 |Code|o o]
15 8 4 2 0

As stated earlier, [GIE] is cleared when an interrupt is rec-
ognized by the CPU. This prevents other interrupts from oc-
curring in the interrupt service routine. In cases where it is
desirable to allow nesting of interrupts, [GIE] should be set
high within the interrupt routine. An example of nesting inter-
rupts is using the RA interrupt in the main program and
switching to the RFF or DA interrupt in the RA interrupt
routine. Note that the internal address stack is twelve words
deep and there is no recovery from a stack overflow. There-
fore, care should be taken when nesting interrupts.

When more than one interrupt is unmasked and asserted,
the CPU processes the interrupt with the highest priority
first. NMI has the highest priority followed by the receiver
interrupt, TFE, LTA, BIRQ, and TO. Therefore, if DA and
BIRQ were both active, DA would be processed first fol-
lowed by BIRQ. However, if a higher priority interrupt oc-
curred while the DA interrupt was being handled then it
would be processed before BIRQ. Each time the interrupts
are sampled, the highest priority interrupt is processed first,
regardless of how long a lower priority interrupt has been
active. Interrupt priority is summarized in Table II.

A call to the interrupt address is generated when an inter-
rupt is detected by the CPU. The address for each interrupt
is constructed by concatenating the Interrupt Base Register,
{IBR}, contents with the individual interrupt code as shown
in Table IV. There is room between the interrupt addresses
for a maximum of four instruction words. Normally, at each
interrupt address there would be a jump instruction to an

As mentioned previously, the interrupts are sampled in the
CPU prior to the start of each instruction. To be precise,
they are sampled by each falling edge of the CPU clock with
the last falling edge prior to the start of the next instruction
determining whether an interrupt will be processed. The tim-
ing of a typical interrupt event is shown in Figure 1. The
interrupt occurs during the current instruction and is sam-
pled by the falling edge of the CPU clock. The next instruc-
tion is not operated on and its address is stored in the inter-
nal address stack. In addition, the current state of [GIE] and
the states of the ALU flags and bank positions are stored in
the internal address stack. A 2 T-state call is now executed
in place of the non-executed instruction. This call will cause
a branch to the interrupt address that is generated in the
first half of T-state T1. [GIE] is then cleared during the first
half of T-state T2. From this description it is evident that the
shortest interrupt latency is 2.5 T-states. This assumes that
an interrupt occurs during the first half of T2 and is sampled
by the next falling edge of the CPU clock. However, a num-
ber of factors can increase the interrupt latency. If the inter-
rupt misses the setup time to the falling edge of the last
CPU clock the response time will increase by a minimum of
2 T-states. This increase is caused by the execution of one
additional instruction. Of course, if the additional instruction
takes more than 2 T-states to execute the interrupt latency
will be greater.
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Running the DP8344 with wait states will also increase inter-
rupt latency. Instruction memory wait states increase laten-
cy by increasing the length of each instruction, including the
call to the interrupt service routine. Data memory wait states
will increase interrupt latency if an interrupt must wait for an
instruction which accesses data memory to execute before
it can be processed. A less obvious factor that can increase
interrupt latency is data memory accesses by the remote
system. If the DP8344 is attempting a data memory access
and the remote system already has control of the data
memory bus, the CPU will be waited. If an interrupt occurs at
this time it will not be processed until the DP8344 is able to
complete the instruction which is accessing data memory.
This implies that a system with a lot of data memory arbitra-
tion occurring between the DP8344 and the remote system
may have a longer average interrupt latency. The worst
case interrupt latency will occur when the external

LOCK or WAIT pins are asserted. Clearly, if the CPU is
stopped by the assertion of the WAIT pin any interrupts
ocurring will not be processed until the CPU is released
from the wait state. Asserting the LOCK pin would have the
same affect if the DP8344 attempts to make a data memory
access. Note that interrupts are not disabled or cleared
when the CPU is stopped by the remote system deasserting
[STRT] in the Remote Interface Configuration, (RIC}, regis-
ter. When the CPU is restarted any asserted interrupts will
be processed. From the above discussion it is evident that
calculating the interrupt latency is not trivial and will be de-
pendent on the program and the system.

The interrupts on the DP8344 are powerful tools for control-
ling events in a time critical environment. They are one of
the many reasons why the DP8344 Bi-phase Communica-
tions Processor provides a superior solution to managing
communications interfaces.:
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JRMK Speeds Command
Decoding | |

The Biphase Communications Processor (BCP) has several
features that make it ideal to use in a high speed communi-
cations environment. The relative Jump with Rotate and
MasK on register command, JRMK, is designed to allow
quick and efficient decoding of register fields. Fast decoding
of command, data, and address fields allows the BCP to
spend most of an interrupt handler’s code and time on the
protocol’s actual instruction execution, instead of on decod-
ing it. This helps meet the stringent 5.5 ps turn around times
demanded in 3270 communications. °

JRAMK rotates and masks a copy of its source register to
form a signed program counter offset which is often used to
point to a jump table. The JRMK instruction first makes a
copy of the source register. All actions will be performed on
this copy, not on the original. The register then is rotated to
the right zero to seven places. Next, JRMK masks (zeros
out) the LSB in addition to as many bits as the mask field
indicates, starting at the MSB. Finally, JRMK adds this result
to the Program Counter (PC), providing a relative range of
+128, —126 instruction words. In practice, relative jumps
(JMP) and long jumps (LJMP) are usually placed in the ta-
ble, but there are no restrictions on which instructions may
fit in. Each entry has a minimum space of two instruction
words allowing LIMP’s to fit. Figure 7 demonstrates the
BCP’s internal execution of a JRMK instruction.

Example Code

JRMK RTR,3,3
Instruction Execution
(a) Copy {RTR} into JRMK'’s displacement register

(b) Rotate displacement register 3 bits right ‘ .

(c) AND result with “00011110”

(d) Sign extend resulting displacement and add it to the pro-

gram counter, (PC). If the bits F4-F1 equal “0001” then
+2 is added to the PC.

JRMK Displacement Register Contents

(a) F4 F3 F2 F1 X X X X

(b) X X X F4 F3. F2 “F1 x

©) 0 0 0 F4 F3 F2 Ft 0

FIGURE 1. JRMK Instruction Example

The JRMK instruction contains four (4) fields that control its
operation—a source register field, a rotate field, a mask
field, and the opcode itself. The source register may be any
register in the BCP that is always available or is currently
bank switched in. The source register is not modified by the
operation of the JRMK instruction. Even in the case of the
{RTR] register, the receiver FIFO is not changed and the
same byte remains at the top of the FIFO after executing
JRMK. The rotation field directs the BCP to rotate the
source register to the right by 0-7 bits. The mask field indi-
cates how many bits to mask from the source register start-
ing at the MSB after the rotation is complete. Up to 7 bits
may be masked off in addition to the LSB. If the mask field
equals zero (0), only the LSB will be masked. If the mask
field equals one (1), the MSB wiil be masked as well as the
LSB. Similarly, if the mask field equals two (2), bits 7,6 and
the LSB will be masked. Figure 2 shows the construction of
the JRMK instruction opcode.

;decode feature address

National Semiconductor
Application Note 625
Davjd Weinman

Opcode

1|{ofojOo|[{O{m|m{mf{b|b|b Rs

m—Mask Field
b—Bit Places to Rotate
Rs—Source Register

FIGURE 2. JRMK Opcode Construction

JRMK can be set up to provide more than two instruction
words per table entry, if the source register data format is
known. If the rotation causes a zero bit to always appear in
bit 1 of the rotated register, then each table entry will have
four instruction words.

The JRMK instruction executes in 4 T-states if there are no
instruction wait states. If the BCP's CPU clock is running at
a speed of 20 MHz, a T-state is 50 ns in duration. In this
case, each JRMK instruction will complete in 200 ns. '

AN EXAMPLE

A good example of how to use the JRMK instruction is
found in the Multi-Protocol Adaptor (MPA). The MPA is a
design/evaluation kit available from National Semiconduc-
tor. It provides complete link level source code, hardware,
and development notes for creating a 3270 or 5250 PC ter-
minal emulator card.

This example comes from actual MPA code in the Data
Available interrupt handler for 3270 terminal emulation. All
overhead such as bank switching, register saving, and index
register setting have been previously executed, and the
3270 command is at the top of the receiver FIFO. The actu-
al implementation of executing each 3270 instruction, as
well as the decode tables for devices other than the base, is
not shown. Additionally, the code for handling data is not
presented. These are all included with the MPA source
code.

When a 3270 message is available in'the receiver FIFO, a
determination is made whether that message is a command
or data at the rxcx__fast label as shown in Figure 3. If the
receiver contains data, the BCP vectors to a location held in
the index register equated to DATA__VECTOR. If the mes-
sage is a command, the BCP will jump to the label
cx__comm to check for common commands. The Network
Control Flag (NCF) register contains bits for hardware de-
coded commands, POLL, POLL/ACK, and TT/AR. POLL
and POLL/ACK will jump to their respective command han-
dlers. Since a TT/AR shold not be received by a terminal, its
decode will jump to.the cx__perr error handler. A no-opera-
tion, NOOP, is inserted after the first jump because the
JRMK instruction is set in this case to jump to every other

‘address. The NOOP takes up an instruction location to en-

sure that the table conforms to this specification. A NOOP is
a macro that stands for MOVE ACC,ACC. If the command is
not one of these three, then the address of the command
must be checked.
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At the label addr__dec, the BCP will vector to different com- to look at bits 4-7 of {RTR} which point to the 3270 feature
mand handlers based on the feature address of the re- that the command is for. Based on these bits, the different
ceived command. All unimplemented features jump.to the feature command decoders will be 1umped 10 as shown in
cx__dec__err error handler. The JRMK instruction is used Figure 4.

.
.

rxcx_fast:
ljmp

1jmp

check for

x_comm:
Jrmk

cx.immed:
jmp
NOOP
1jmp
ljmp
1jmp

addr_dec:
jrmk

; address parse table

cx_addr:
Jmp
NOOP
Jmp

NOOP.

1jmp
1jmp
1jmp
1jmp
1ljmp
1ljmp
1jmp
1jmp
1jmp
1jmp
1jmp
1jmp
1ljmp
1jmp

setup code here

TSR,l,S,cx_comm

[DATA_VECTOR]

quick command decodes

NCF,7,4

addr_déc

cx.poll
cx.pack
cx_perr

command or data?

jump if command

data, jump to appropriate
handler

jump - on immediate decode prior to
advancing FIFO

not an immediate decode command

poll command decoded
pack
should not get here (TT/AR)

. we we

FIGURE 3. JRMK Fast Command Determination

RIR, 3,3

base_dec
base_dec

cx_dec_err
cx_dec_err
cx._dec_err
cx.dec.err
cx.dec_err
eab_dec

cx_dec_err
cx.dec.err
cx.dec_err
cx.dec_err
cx_dec_err
cx.dec_err
cx.dec_err
cx_dec..err

B

.o

.o

we we we we we we e we we we we ws ws we

HEOQ®> O30 0 K

find out which feature that the command is addressed to

; jump based on 4 bit address field

decode base/keyboard command
decode base/keyboard

1light pen
reserved
magnetic stripe reader
PC adapter
3180 advanced
EAB

reserved
reserved
reserved
convergence
reserved
reserved
reserved
reserved

FIGURE 4. JRMK Feature Determination
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At the base feature decoder base__dec, the actual com-
mand is decoded and jumps are taken to the different ad-
dresses to handle each one. Figure 5 details this operation.

G29-NV

base command parse table

base_dec:
Jrmk RTR,7,2 ; decode base command
cx.base:
1jimp cx_ignore ; 00 should not get here
1jmp cx.poll 3 01 poll command
1jmp cx_reset ;s 02 reset device
1jmp cx_readata ; 03 read data
1ljmp cx_lach 3 04 load address counter high
1jmp ex_rach ; 05 read address counter high
1jmp cx.clear ; 06 clear
limp cx._rdex s 07 read extended terminal ID
1jmp cx_start ; 08 start operation
1jmp cx_rdid ; 09 read terminal ID
1jmp cx.lcont s OA load control register
1jmp cx.rdmul s+ OB read multiple
1jmp cx_write s OC write data
1jmp cx.rdstat ; OD read status
1ljmp cx_insert ; OE insert byte
1jmp cx_ignore 3 OF reserved
1jmp cx_sforward ;s 10 search forward
1jmp cx.pack s 11 poll with acknowledge set
limp cx_sback s 12 search backward
1jmp cx.ignore s 13 reserved
1jmp cx.lacl s 14 load address counter low
1jmp cx.racl ; 15 read address counter low
1jmp cx_mask s 16 load mask
1jmp cx_ignore 3 17 reserved
1jmp cx_ignore ; 18 reserved
1ljmp cx_ignore 3 19 reserved
1ljmp cx_lscont 3 1A load secondary control
1jmp cx.ignore s 1B reserved
1jmp cx.diagreset s 1C diagnostic reset
1ljmp cx_ignore + 1D reserved
1ljmp cx_ignore + 1E reserved
1jmp cx_ignore s 1F reserved

FIGURE 5. JRMK Decoding of 3270 Instructions
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If our command was a Load Control Register command
(00001010), the JRMK instruction at label cx_comm would
send us to a jump to addr__dec to decode which feature the
command is directed to. At that label, JRMK would send us
to the jump to base__dec since our address is ‘“0000”.
Since the command is ‘01010, the JRMK relative jump will
move to the instruction //mp ex_/cont which jumps to the
appropriate code to handle that instruction.

From rxcx__fast to the proper command to the base feature,

there are 24 T-states of time used. At 20 MHz with no wait -
states, this translates to 1.2 ps. With.a maximum interrupt

latency of 225 ns, this leaves at least 4.075 us to handle all

other aspects of each command to the base. Commands to

other features will probably take 1 T-state longer for the

long jump to the command decode table (also using JRMK)

for that feature, whereas the base feature used a relative

jump. o ;

The JRMK instruction is one example of how the BCP is.
optimized for high speed communications.
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DP8344 Remote Processor
Interfacing

This application note is provided to help the reader under-
stand the information given in Table 26: Remote Rest Time
of the DP8344BV 6.0 datasheet.*

For the BCP to operate properly, remote accesses to the
BCP must be separated by a minimum amount of time. This
minimum amount of time has been termed ‘rest time’.

To give the reader a better understanding of rest time, the
following items will be discussed in this application note:

1. The causes of remote rest time.

2. The way to interpret Table 26 and the worst case rest
time.

3. The desirable features of a rest time circuit.

4. A design example of a rest time circuit for the CT-104
board.

Before proceeding any further, it must be stated that the
design of DP8344BV did not introduce remote rest time.
Remote rest time exists on all versions of the BCP.

*All specifications used in this application note are from the DP8344BV 6.0
datasheet. Please refer to the latest datashest available for the most cur-
rent specifications.

CAUSES OF REMOTE REST TIME

There are two causes for remote rest time. The first cause is
implied in the state diagrams for remote accesses and can
be explained as follows:

At the beginning of every T-state the validity of a remote
access is sampled for that T-state. To guarantee that the
BCP recognizes the end of a remote cycle, the time be-
tween remote accesses must be a minimum of one T-state
plus setup and hold times. This worst case rest time for the
DP8344BV is:

resttime = 1T + t (setup time) + t (hold time)
1T + 22ns + 10ns
1T + 32ns

In the case of Latched Read and Fast Buffered Write, the
validity of a remote access is not sampled on the first rising
edge of the CPU-CLK following XACK rising. However, on
all subsequent rising edges of the CPU-CLK, the validity of
the remote access is sampled. As a result, if the remote
processor can terminate its remote access quickly after
XACK rises (within a T-state), up to a T-state may be added
to the above equation for Latched Read and Fast Buffered
Write modes. On the other hand, if the remote processor
does not terminate its remote access within a T-state of
XACK rising, the above equation remains valid for Latched
Read and Fast Buffered Write modes.

If this specification is not adhered to, the BCP may sample
the very end of one valid remote access and one T-state
later sample the very beginning of a second valid remote
access. Thus, the BCP will treat the second access as a
continuation of the first remote access and will not perform
the second read/write. The second access will be ignored.
(Reference Figure 1 for timing diagrams which demonstrate
how two remote accesses can be mistaken as one.)

National Semiconductor
Application Note 627
William V. Miller

The second source of remote rest time is due to the manner
in which the BCP samples the CMD signal. (Please note that
when CMD is high all remote accesses are to the Remote
Interface Control register {RIC}. When CMD is low all re-
mote accesses are to where RIC's Memory Select Bits
point.) CMD is sampled once at the beginning of each re-
mote access. Dus to the manner in which CMD is sampled,
CMD will not be sampled again if a second remote access
begins within 1.5(T-states) plus a hold time, after the BCP
recognizes the end of the first remote access. If this hap-
pens, the BCP will use the value of CMD from the previous
remote access during the second remote access. If the val-
ue of CMD is the same for both accesses, the second ac-
cess will proceed as intended. However, if the value of CMD
is different for the two remote accesses, the second remote
access would read/write the wrong location.

The reader should note that the timing of the second source
of rest time begins at the same time that the BCP first sam-
ples the end of the previous remote access. Thus, when the
first source of rest time ends, the second source of rest time
begins. (Reference Figure 2 for timing diagrams for rest time
in all modes except latched write.)

LATCHED WRITE MODE

Latched write mode is a special case of rest time and necds
to be discussed separately from the other modes. Tho first
cause of rest time affects every mode including latchod
write. In regards to the second source of rest time, latched
write mode was designed to allow a second remote access
to start while a write is still pending (i.e., WR-PEND = 0).
Thus, when WR-PEND rises (signaling the end of the previ-
ous write) the value of CMD is sampled for the seccond
remote access. This will result in sampling the correct value
of CMD for the second access. This allows latched write to
avoid the second cause of rest time mentioned above.

However, if a remote access begins within half a T-state
after WR-PEND rises, CMD will not be sampled again. For
this case, if the value of CMD changed just after WR-PEND
rose and at the same time the remote access began, the
BCP would read/write the wrong location. (Reference Fig-
ure 3 for timing diagrams of rest time for latched write
mode.)

HOW TO INTERPRET TABLE 26
AND WORST CASE REST TIMES

At this time it is desirable to review how tointerpret Table 26
and to review what the actual worst case rest time is. To
interpret the specifications in Table 26, the reader must un-
derstand the differences between running the BCP at full
speed (i.e., {CCS] = 0) and half speed (i.e., [CCS] = 1). At
full speed both the CPU-CLK and CLK-OUT operate at the
same frequency as OCLK. When the BCP runs at half
speed, CLK-OUT remains at the same frequency as OCLK,
but the CPU-CLK operates at half the frequency of OCLK. In
the data sheet, one T-state is defined as one CPU-CLK cy-
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BCP's CPU CLK |

RAE

REMRD

REMWR

(a) This timing diagram shows two remote accesses within one T-state. The first set of arrows shows the BCP sampling a valid
remote read. The next time the BCP samples the validity of the remote access is shown by the second set of arrows (1 T-state later).
In this case, it will sample the second remote access and mistake it as a continuation of the first remote access.

| _ |——— 1 T-state —-l
BCP's CPU CLK _l_FL_rL_I_L_I_
e N | N

\
22 ns mini 10ns

minimum |
REMRD - w - - j

REMWR

(b) This timing diagram shows the timing necessary for the BCP to recognize both accesses as separate accesses. The first set of arrows
shows the BCP sampling a valid remote read. One T-state later at the second set of arrows, the BCP will sample the end of the first
remote access. Another T-state later at the third set of arrows, the BCP will sample the beginning of the second remote access.

FIGURE 1. Mistaking Two Remote Accesses as Only One
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(a) This timing diagram shows the second remote access violating rest time. The first set of arrows shows the BCP sampling a valid
remote write. The second set of arrows (1 T-state later), shows the BCP sampling the end of the first remote access. If a second
remote access starts before the position of the third set of arrows (another 1.5 T-states later), the value of CMD will not be sampled.
The value of CMD has changed from the first remote access, so the BCP will write to the wrong location during the second access.
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(b) This timing diagram shows the second remote access violating rest time. The first set of arrows shows the BCP sampling a valid remote write.
The second set of arrows (1 T-state later), shows the BCP sampling the end of the first remote access. If a second remote access starts
before the position of the third set of arrows (another 1.5 T-states later), the value of CMD will not be sampled. The value of CMD
does not change from the first remote access, so the BCP will write to the intended location during the second remote access.

FIGURE 2. Remote Rest Time for All Modes except Latched Write
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(c) This timing diagram shows the timing needed to avoid rest time for all modes except latched write. The first set of arrows shows the BCP sampling the end
of the first remote access. The second set of arrows (1.5 T-states later), shows the BCP recognizing no remote access has started and the value of CMD will
be sampled for the next remote access. The third set of arrows shows the BCP sampling the correct value of CMD for the second remote access.

FIGURE 2. Remote Rest Time for All Modes except Latched Write (Continued)
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(a) This timing diagram shows a remote access violating remote rest time. The first set of arrows shows the BCP sampling the value of CMD
when WR-PEND rises. If a remote access begins after WR-PEND rises and before the position of the second set of arrows (0.5 T-states later),
the value of CMD will not be sampled again. The value of CMD has changed since WR-PEND rose, so the BCP will read the wrong location.

FIGURE 3. Rest Time for Latched Write Mode
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the value of CMD will not be sampled again. The value of CMD has not changed since WR-PEND rose, so the BCP will read the intended location.
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(c) This timing diagram shows a remote access setting up in time for WR-PEND rising to latch in the proper value of CMD. The only set of arrows shows the BCP sampling the
second remote access’s CMD value when WR-PEND rises. The value of CMD will not be sampled again. The BCP will carry out the second remote access as it was intended.

FIGURE 3. Rest Time for Latched Write Mode (Continued)
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shows the BCP sampling the value of CMD when WR-PEND rises. The second set of arrows shows the BCP recognizing that no remote
access has started and the value of CMD will be sampled for the next remote access. The third set of arrows shows the BCP sampling
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the correct value of CMD for the second remote access. The BCP will carry out the second remote access as it was intended.
FIGURE 3. Rest Time for Latched Write Mode (Continued)
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FIGURE 4. Relationship between the BCP’s CPU-Clock and CLK-OUT
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cle. As a result, at full speed one T-state equals one
CLK-OUT cycle, but at half speed one T-state equals two
CLK-OUT cycles. (Reference Figure 4 to see the relation-
ship between the BCP's CPU-CLK and CLK-OUT at full
speed and half speed.) The specifications in Table 26 are all
measured with the BCP running at full speed. All of the rest
time specifications are dependent on the CPU-CLK and not
on CLK-OUT. At full speed, the CPU-CLK and CLK-OUT are
the same, and this fact allows specifications to CLK-OUT in
place of the CPU-CLK. On the other hand, at half speed the
specifications to CLK-OUT are no longer valid because one
cannot tell if a rising edge of CLK-OUT is a rising or falling
edge of the CPU-CLK.

Earlier the worst case rest time for the BCP mistaking two
fast back to back accesses as only one was given as:

resttime = 1T + t (setup time) + t (hold time)

(mistaking two accesses as one)
The real time worst case for the BCP mistaking two access-
es as one, happens when the BCP runs at half speed. So for
the BCP running at half speed and OCLK = 18.8696 MHz,
the worst case rest time for mistaking two accesses as one
is:

resttime = 2(CLK-OUT cycles) + tgy + ty

(mistaking two accesses as one)

rest time = 2(53 ns) + 22 ns + 10 ns
(mistaking two accesses as one)

rest time = 135 ns

(mistaking two accesses as one)

Up to a full T-state (or two CLK-OUT cycles) may be added
to the above equation if one is using Latched Read or Fast
Buffered Write modes. As explained in the CAUSES of Re-
mote Rest Time section, this extra T-state is only added if
the remote processor can terminate the remote access
quickly after XACK rises (within a T-state). Otherwise, the
above equation remains valid as written. The reader should
note that this extra T-state is not mentioned or included in
the following calculations because it takes place coinciden-
tally with that cause of rest time.

As mentioned previously, the absolute worst case rest time
for all modes, except latched write mode, may be calculated
by adding the above case of rest time to the second source
of rest time caused by fast back to back accesses with dif-
ferent values for CMD. This rest time can be calculated as
follows:

rest time = first source + second source

(CMD changes)
rest time = [1T + t (setup time) + t (hold time)]
(CMD changes) + [1.5T + t (hold time)]

Note: The first hold time is during the second source's 1.5 T-states, so in
the following formula it disappears.
rest time = 2.5T + t(setup time) + t (hold time)
(CMD changes)
For the BCP running at half speed and OCLK =
18.8696 MHz, the absolute worst case rest time is:
resttime = 5(CLK-OUT cycles) + tgy + th
(CMD changes)
resttime = 5(53 ns) + 22ns + 10ns
(CMD changes)
resttime = 297 ns
(CMD changes)

For latched write mode the remote rest time starts when
WR-PEND rises. The rest time for this case can be calculat-
ed as follows:

resttime = 0.5T + t (hold time)
(CMD changes)

The real time worst case for rest time in latched write mode
is with the BCP running at half speed. The following is a
calculation of this rest time with the BCP running at half
speed and OCLK = 18.8196 MHz.

resttime = 1(CLK-OUT cycle) + t (hold time)
(CMD changes)

resttime = 53ns + 7 ns = 60 ns

(CMD changes)
Please refer to the latest datasheet for more information
and the most current specifications.

DESIRABLE FEATURES OF A REST TIME CIRCUIT

In regards to designing with the rest time specifications, the
first suggestion is to determine if rest time is an issue in
one’s design(s). If one's present or future design(s) is for
systems which can never violate the rest time specification,
the whole issue of rest time is a moot point.

On the other hand, designs such as terminal emulation
boards, which may be placed in faster and faster PC buses,
must address rest time. In slower PCs one’s product may
never violate rest time, but in faster PCs rest time may be-
come an issue.

All remote accesses are susceptible to having two fast back
to back accesses recognized as only one. The worst case
rest time for this was determined earlier as:

resttime = 135ns
(mistaking two accesses as one)

(where OCLK = 18.8696 MHz and the BCP runs at half
speed, [CCS] = 1)
All designs with the BCP must guarantee this minimum
amount of time between every access.

The second issue of remote rest time involves fast back to
back accesses that have different values for CMD. The
worst case for this was also calculated earlier as:

resttime = 297 ns
(CMD changes)
(where OCLK = 18.8696 MHz and [CCS] = 1)

Two ways to handle this rest time issue are:

. Prevent all remote accesses to the BCP for at least
297 ns after the end of every remote access.

2. Hold off remote accesses that change the value of CMD
for a minimum of 297 ns after the last remote access.
However, allow remote accesses that do not change the
value of CMD to occur a minimum of 135 ns after the last
access. (When the value of CMD does not change from
one access to the next, this will allow accesses up to
162 ns sooner than option 1).

When designing with rest time one must decide if the in-

crease in speed of option 2) is worth the extra logic. Howev-

er, as is demonstrated by the design example for the

CT-104 (Next section), the increase in logic between option

1) and option 2) may be minimal.

-
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Again, latched write mode is addressed separately. Unlike
the other modes, latched write’s rest time starts when
WR-PEND rises. Two possible design options are:

. Hold off all remote accesses for at least 60 ns (If
OCLK = 18.8696 MHz) after WR-PEND rises.. However,
doing this will result in slowing every remote access to
the BCP. Furthermore, it should be noted that WR-PEND
will_not rise until a minimum of three T-states after the
previous access has ended. If no accesses are allowed
until after WR-PEND rises, then the second access will
never be mistaken as a continuation of the previous ac-
cess.

2. Similar to the previous options, allow accesses after 136
ns if CMD has not changed between accesses. Then hold
off access for at least 60 ns after WR-PEND rises when
CMD changes between accesses.

The last design issue that must be addressed is how to wait
the host processor while preventing remote accesses to the

e

BCP. Normally the wait signal of a remote processor is driv-

en by the XACK signal out of the BCP. (Please note that the
XACK signal can be active low . only when a remote access
to the BCP is in progress.) During rest time, the rest time
circuit prevents remote accesses to the BCP, so the XACK

‘'signal will not wait the remote processor. PC buses specify

the maximum amount of time before the bus must be waited
(if it is going to be waited). It is possible that not allowing
remote accesses to the BCP (during rest time) may delay
the XACK signal long enough to violate this bus specifica-
tion. To prevent this, designs which wait a PC bus, must use
logic to wait the bus whenever a remote access begins dur-
ing rest time. Furthermore, the logic that starts waiting the
bus before remote access is allowed to the BCP, must con-
tinue to wait the bus until XACK takes over waiting the bus.

DESIGN EXAMPLE FOR THE CT-104

The four major goals in designing a rest time circuit for the
CT-104 were:

1. Keep the component count to a minimum.v

2. Keep the impact to the original CT-104 design to a mini-
mum.

3. Allow the CT-104 to operate in every mode.

4. Take advantage of the faster accesses allowed when
CMD does not change from one access to the next.

The rest time circuit is implemented on one PAL16R48B and
one 74ALS74. Only a single signal (REM__enable) is fed
back into the original CT-104 design. In addition, the XACK
signal from the BCP is now fed into the rest time PAL16R4B
and the IO_CHRDY signal to the PC bus is controlled by
this PAL®. This rest time circuit implements all modes and
takes advantage of the increase in speed possible when
CMD does not change from one access to the next.

First, how the REM__enable signal controls remote access-
es will be discussed. Then, the functions implemented by
the two positive-edge-triggered D flip-flops in the 74ALS74
will be discussed. Finally, a description of the operation of
the rest time state machine, in the PAL16R4B, will be given.
Figure 5 is the schematic for the CT-104’s rest time circuit.
The REM__enable (Figure 5) signal is produced in the rest
time PAL16R4B and is low during rest time. After rest time is
over the REM__enable signal goes high until the end of the
next access, when it once again goes low during rest time.
The signal REM__enable is fed back into U22 (a PAL16L.8)
on the CT-104. (Note that this PAL had one unused pin so
the design of this PAL was only slightly altered.)

On the original CT-104, the REMRD and REMWR outputs of
v22 were buffered signals of MEMR and MEMW respec-
tively. With the new rest time circuit both REMRD and
REMWR are held high when REM__enable = 0. This pre-
vents all remote accesses during rest time. When rest time
is over REM__enable = 1 and ‘once again, MEMR and
MEMW control REMRD and REMWR respectively.

One of the D flip-flops in the 74ALS74 stores the value of
the previous access’s CMD (L_CMD). This value (L__CMD)
was latched at the beginning of the previous valid remote
access. With this value stored in a flip-flop, the rest time

‘state machine can determine if the present value of CMD

has changed since the last remote access.

The other D flip-flop acts as a part of the rest time circuit’'s
state machine. When RAE rises (signaling the end of that
access) a one (1) is latched into this flip-flop. This signal
(WAIT__START) forces the state machine to move through
the next three states in sequence. If this latch is not used,
the rest time state machine may also miss the ending of an
access if back to back accesses occur within one CLK-OUT
cycle plus the setup time for a PAL16R4B's register input. If
OCLK = 18.8696 MHz this time will be:

time = 1(CLK-OUT cycle) + t(setup time for PAL16R4B)
time = 53 ns + 20 ns
=73ns

This in effect, trades a rest time of 136 ns for one of 73 ns.
However, while the output of this latch (WAIT__START, Fig-
ure 5) equals one, REM__enable will be low and the state
machine will be forced to-start the rest time states. In the
third rest time state the WAIT__START latch is cleared by
the CLR_START (Figure 5) signal going low.
CLR__START is produced in the rest time PAL16R4B and
CLR_START equals zero (0) only when in the third rest
time state. In this way the WAIT_START signal guarantees
the minimal rest time of 136 ns by keeping REM_enable
equal to zero through at least three CLK-OUT cycles (i.e.,
3[53 ns] = 159 ns if OCLK = 18.8696 MHz). .

To describe the operation of the state machine, a state by
state description follows. When reading through the states
one should remember that the state machine can only
change states on the rising edge of CLK-OUT. A flow chart
of this state machine is provided as Figure 6. Figure 7 is a
PAL program (written in the ABEL program language) for
the PAL16R4, rest time PAL. Figure 8 shows the reduced
equations that result for the PAL program given in Figure 7.

STATE: IDLE

This state is entered when a system reset occurs. In this
state REM__enable = 1, CMD__clk = 0, and XACK con-
trols the state of IO_CHRDY.

The state machine will stay in this state until a valid remote

access starts (i.e., RAE = 0). Then the state machme

moves to CYCLE__START.

Note: On the CT-104, the signal RAE is a full decode of a valid access. This
means that it decodes a valid address and a vatid MEMR or MEMW. [
RAE is only an address decode, it alone would not indicate that a
valid access had started.

STATE: CYCLE_START

In this state REM__enable = 1, CMD__clk = 1 as long as
RAE = 0, CLR_START = 1, and XACK controls the state
of IO__CHRDY. Note, when CMD__clk rises it latches in.the
present value of CMD. The state machine will stay in this
state until the remote access ends, indicated by either
RAE = 1 or WAIT_START = 1. Then the state machine
moves to WAIT1.

2-128




6242

SYS_RESET

H CT_104_U22
uoet PAL16LS
MopE_1] o REMWR
A19 2 12 REMWR I —
we 3] Ol Sxeer REMRD
18 87 —
M7 4 g |14_FEHRD J
R ] AST_PD_FCH
15 HST_PD_PCH PO
ADDI ::: 2 * N —
[ 0o 71° T FST_RO_PCL
L " B3 —
AN 8 18 REM_ENABLE —
—15 B[ RE
* NER 91, a2l —
PC_CTL weww 1]
— CMD
Imsu
| p PR o|2222 SR
RAE o« a ’
1]
oK REST_PAL
3 T PAL1GR4
I CLRSTART okour 1.
19 T0_CHROY 10_CHRODY
00 = —
SysResE 2 | 01 |18_CMDCIK
‘ RAE_3 " 02 |13 _CLR_START
Al
wAT_START 4 |, 03 |12 REMENABLE
515
WRPEND 6 |,
XACK 7 | oz
Low 8 arfieat
o 9 | o (ER)
pot [V
11
74LST4 EN
ooy PR JLcuo
ovokl. 5 ¢
R
TL/F/10451-11
FIGURE 5

L29-NV




AN-627

IDLE REM_enable =1
> 0100 CMD_CLK=0
CKR_START =1
>
yes
CYCLE_START REM_enable =1
> 0110 CMD_clk =1
CLR_START=1
<>
yes
WAITH REM_enable =0
1110 CMD_clk =0
CLR_START=1
WAIT2 REM_enable =0
11 CMD_clk =0
CLR_START =1
WAIT3 REM_enable =0
1101 CMD_clk =0
CLR_START=0
REM_enable =0
CMD_CLK=0
CLR_START =1

WAITS
1011

REM_enable =0
CMD_CLK=0
CKR_START = 1

Is
WRPEND =0

no

WAIT6 REM_enable =0
1010 CMD_clk =0
CLR_START=1

WAIT7 REM_enable =0
1000 CMD_clk=0
CLR_START=1
yes " Is
RAE=0
no
WAIT2 REM_enable =0
1100 CMD_clk =0
<CLR_START> =1

v A4
HOLD REM_enable = 1 RESUME REM_enable =1
1011 CMD_CLK=1 0000 CMD_clk =1
CLR_START=1 CLR_START=1

FIGURE 6. State Diagram of Rest Time Circuit

STATE: WAIT1

In this state REM_enable = 0, CMD__clk = 0, CLR__
START = 1, and if a remote access starts, IO_CHRDY is
driven low whenever RAE = 0. While in this state WAIT__
START remains equal to one because it has not been
cleared yet. Thus, after one CLK_OUT cycle the state ma-
chine moves to WAIT2.

STATE: WAIT2

In this state REM_enable = 0, CMD_clk = 0, CLR_
START = 1, and IO_CHRDY is driven low whenever

TL/F/10451-12

RAE = 0. Again WAIT_START = 1 and after another
CLK-OUT cycle the state machine moves to WAIT3.

STATE: WAIT3

In this state REM__enable = 0, CMD_clk = 0, CLR__
START = 0 which clears WAIT__START, and IO_CHRDY
is driven low whenever RAE = 0. Since WAIT_START:is
cleared, on the next rising edge of CLK-OUT the state ma-
chine will make a decision:
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IF L__CMD equals CMD (indicating no change in the value
of CMD between cycles) and a valid remote access has
started (i.e., RAE = 0), then the state machine will move to
the RESUME state. (The RESUME state is covered after
the WAIT8 state.) However, if those conditions are not met
then the state machine moves to WAIT4.

STATE: WAIT4

In this state REM__enable = 0, CMD_clk = 0, CLR_
START = 1, and |IO_CHRDY is driven low whenever
RAE = 0. If L_CMD equals CMD and RAE = 0, then on
the next rising edge of CLK-OUT the state machine will
move to the RESUME state. Otherwise the state machine
moves to state WAITS.

STATE: WAITS

In this state REM_enable = 0, CMD__clk = 0, CLR__
START = 1, and IO_CHRDY is driven low whenever
RAE = 0. IF L__CMD equals CMD and RAE = 0 then the
next state will be RESUME.

As long as the above condition is not met and WR-PEND =
0, the state machine will remain in this state. WR-PEND = 0
indicates that the previous access was a write with the BCP
in latched write mode. Holding the state machine at WAIT5
prevents remote accesses, that changes the value of CMD,
for the required latched write rest time.

If both of the above conditions are false then the next state
will be WAIT6.

STATE: WAIT6

In this state REM__enable = 0, CMD__clk = 0, CLR__
START = 1, and IO_CHRDY is driven low whenever
RAE = 0. If L_CMD equals CMD and RAE = 0, then on
the next rising edge of CLK-OUT the state machine will
move to the RESUME state. Otherwise the state machine
moves to state WAIT7.

STATE: WAIT7

In this state REM_enable = 0, CMD__clk = 0, CLR_
START = 1, and IO_CHRDY is driven low whenever
RAE = 0. Any remote access that has changed the value of
CMD will be prevented until the end of this state. That would
be a minimum of seven CLK-OUT cycles between accesses
or 371 ns if OCLK = 18.8696 MHz.

Also, all remote accesses which follow a Iatched write and
change the value of CMD have been prevented at least two
CLK-OUT cycles or 106 ns, if OCLK = 18.8696 MHz. Thus
after one CLK-OUT cycle, if RAE = 0 the next state will be
RESUME. Otherwise, it will be WAITS.

STATE: WAITS
In this state REM__enable = 1, (allows accesses), CMD__

clk = 0,CLEAR_START = 1,and IO_CHRDY isdrivenlow .

module rest_pal flag '-r3'
title 'REST-TIME Compliance State Machine;

REST_PAL  device 'pl6rd’;
“inputs:
clock,enab  pin 1,11;
Isys_reset  pin2;
Irae pin3;
wait_start  pin4;
twr_pend pin6;
xack pin7;
L_cmd pin §;
cmd pin 9,
"outputs:
rem_enable  pin 12;
clr_start pin 13;
q3,92,91,40 pin 14 15,16,17;
cmd_clk pin 18;
10_chrdy pin 19;
sreg =[q3,92,91,q0};
outputs =rem_enable;
"definitions:
ck,x,z,L,H C X., .Z. 0 1;
access = rae;
st =[q .q2,q1,q0]
"State Values...
idle =4Ab0100; " 4h
start =4b0110; " 6h
waitl =4b1110; "Eh
wait2 =4bllll; "Fh
wait3 =4b1101; " Dh
wait4 =4b1001; “%h
wait5 =%b1011; "Bh
wait6 =4b1010; " Ah
wait7 =4b1000; " 8h
wait8 =/b1100; “Ch
resume =4b0000; - "Oh
hold =Ab0010; ~ "2h
notusedl =4b0111; " 7h
notused2 =47b0011;  “3h
notused3 =4b0101; " 5h
notusedd =4b0001; "1h

TL/F/10451-14 ",

FIGURE 7. PAL Program File
(Written In the ABEL Program Language)
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equations
enable outputs = 1;
enable IO_chrdy = access;

110_chrdy
# (1xack) # ( wait_start * access );

lelr_start = ((q3) * (q2) * (!q1) * (q0))
# (sys_reset);

cmd_clk = (access * !1q3 * 1q2 * 1q0 * !wait_start)
#(access * 1q3 * gl * 1q0 * lwait_start)
# (access * cmd_clk * !wait_start);

!rem_enable = (1q2 * q3) #q0 # (q1 * q3) # wait_start;

=(q3 *access ) # (1q2 * access ) # ( q0 * access )

state_diagram sreg;
State idle: " Remain in idle while sys_reset is active.
IF (sys_reset) THEN idle;
ELSE IF (access) THEN start;
ELSE idle;
State start: " Begin normal access.

IF (sys_reset) THEN idle;
ELSE IF (laccess # wait_start) THEN waitl;
ELSE start;

State waitl: " First wait cycle.
IF (sys_reset) THEN idle;

ELSE IF (access & L_cmd & cmd & !wait_start) THEN resume;
ELSE IF (access & !L._cmd & !cmd & !wait_start) THEN resume;

ELSE wait2; .

State wait2:
IF (sys_reset) THEN idle;

ELSE IF (access & L_cmd & cmd & !wait_start) THEN resume;
ELSE IF (access & !L_cmd & !cmd & !wait_start) THEN resume;

ELSE wait3;

State wait3:
IF (sys_reset) THEN idle;

ELSE IF (access & L_cmd & cmd & !wait_start) THEN resume;
ELSE IF (access & !L_cmd & !cmd & !wait_start) THEN resume;

ELSE waitd;

TL/F/10451-15

FIGURE 7. PAL Program File (Written In the ABEL Program Language) (Continued)

whenever RAE = 0. This state was included in the state
machine to reduce the state machine’s logic. Otherwise it
would have been logical to return to the IDLE state from
WAIT? if RAE = 1 (no access in progress). If RAE = 0,
then the next state will be RESUME. Otherwise the state
machine returns to IDLE.

STATE: RESUME

In this state REM__enable = 1, CMD__clk = 1 (rising edge
of CMD__clk latches in the present value of CMD), CLR__
START = 1, and IO_CHRDY is driven low while RAE = 0.
When the state machine moves to this state, it means that a
remote access took place quickly after the previous access.
The state machine has allowed the remote access to pro-
ceed. However, the state machine must have waited the
PC-bus for some period of time before entering this

state. As a result, the PC-bus should be waited until the
XACK signal can take over control of driving IO_CHRDY.
For the design of the CT-104, it was determined that once
REM__enable = 1, the XACK signal would take over con-
trol within two CLK-OUT cycles. So the state machine will
wait the PC-bus through this state and the next. On the next
rising edge of CLK-OUT the state machine will move to the
HOLD state.

STATE: HOLD

In this state REM__enable = 1, CMD_clk = 1, CLR_
START = 1, and IO_CHRDY is driven low while RAE = 0.
Again, this state is provided to wait the PC-bus for a second
CLK-OUT cycle while stili allowing remote access. The next
state is CYCLE_START. In CYCLE__START, XACK will
take over control of IO_CHRDY.
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State wait4: o
IF (sys_reset) THEN idle;
ELSE IF (access & L_cmd & cmd & !wait_start) THEN resume;
ELSE IF (access & !L_cmd & !emd & !wait_start) THEN resume;
ELSE wait5;

State wait5:
IF (sys_reset) THEN idle;
ELSE IF (access & L_cmd & cmd & !wait_start) THEN resume;
ELSE IF (access & !L._cmd & !cmd & !wait_start) THEN resume;
ELSE IF (wr_pend) THEN wait5;
ELSE wait6;

State wait6:
IF (sys_reset) THEN idle;
ELSE IF (access & L_cmd & cmd & !wait_start) THEN resume;
ELSE IF (access & !L_cmd & 'cmd & !wait_start) THEN resume;
ELSE wait7;

State wait7:
IF (sys_reset) THEN idle;
ELSE IF (access) THEN resume;
ELSE wait8;

State wait8:
IF (sys_reset) THEN idle;
ELSE IF (access) THEN resume;
ELSE idle;

State resume:
IF (sys_reset) THEN idle;
ELSE hold;

State hold:
IF (sys_reset) THEN idle;
ELSE start;

State notused1:
IF (sys_reset) THEN idle;
ELSE wait2;

State notused2:
IF (sys_reset) THEN idle;
ELSE wait2;

State notused3:
IF (sys_reset) THEN idle;
ELSE wait2;

State notused4: '
IF (sys_reset) THEN idle;
ELSE wait2;

end
TL/F/10451-16

FIGURE 7. PAL Program File (Written in the ABEL Program Language) (Continued)
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REST-TIME Compliance State Machine
Equations for Module rest_pal

Device REST_PAL

Reduced Equations:
enable rem_enable = (1);
enable I0_chrdy = (!~rae);

REST-TIME Compliance State Machine
Equations for Module rest_pal

Device REST_PAL

190 := (!1q0 & !q1
#1q0 & 192
#ql & !q2 & q3 & ~wr_pend
#1L_cmd & lemd & q3 & !~rae & !wait_start
#L_cmd & emd & q3 & !~rae & Iwait_start

# l~sys_reset
1TO_chrdy = (!~rae & wait_start #1q0 & !q3);
# 1xack TL/F/10451-18
#q0 & !~rae
#1q92 & !~rae
#q3 & !~rtae);

Iclr_start = (I~sys_reset #q0 & !q1 & q2 & q3);

femd_clk = (wait_start
#!lcmd_clk & q0
#lemd_clk & !q1 & q2
#lcmd_clk & q3
# ~rae);

trem_enable = (wait_start # q1 & q3 # q0 # !q2 & q3);

193 :=(1q0 & !q2 & !q3
#1q0 & 1q1 & !~rae
#!L_cmd & lemd & q3 & !~rae & !wait_start
#L_cmd & cmd & g3 & !~rae & !wait_start
#1q0 & !q3 & !~rae & !wait_start
# 1~sys_reset
#1q0 & 1q1 & q2);

192 := (!1q0 & !q1 & !q2 & !q3 & ~sys_reset
#1g1 & q3 & !~rae & ~sys_reset
#ql & 192 & q3 & ~sys_reset
#q0 & !ql & q3 & ~sys_reset
#IL_cmd & lemd & g3 & !~rae & ~sys_reset & !wait_start
#L_cmd & emd & q3 & !~rae & ~sys_reset & !wait_start);

1q1:=(q0 & !q1 & q3
#!q0& 192 & q3
#90& q2&q3
#1L_cmd & !emd & q3 & !~rae & !wait_start
#L_cmd & cmd & q3 & !~rae & !wait_start
# qu & 1q1 & q2 & ~rae
# I~sys_reset); TL/F/10451-17

FIGURE 8. Reduced Equations for Rest Time State Machine PAL
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DP8344 Timer Application

INTRODUCTION

The DP8344 is a communications processor which handles
IBM 3270, 3299 and 5250 protocols along with NSC general
8-bit protocol. In order to reduce the impact on the
DP8344's CPU the timer was designed to stand-alone and
count independently of the CPU.

The timer’s circuitry includes a unique holding register. This
holding register can be loaded with a sixteen-bit countdown-
value, which will remain unchanged until a new value is
loaded or the DP8344 is reset.

When the timer counts to zero it takes two actions: 1) it sets
both the timer interrupt and the Time Out flag [TO], and 2)
the timer reloads the sixteen-bit countdown-value stored in
the holding register and continues the countdown cycle.
This demonstrates a significant advantage of the DP8344’s
timer; the timer continues keeping accurate time while noti-
fying the CPU that the timer has completed a cycle. The
timer does not wait for the CPU to service it, instead the
timer notifies the CPU of the completion of a cycle and al-
lows the CPU to take the desired action when it has the
time.

With the use of the holding register, a multiple number of
timer cycles of the exact same duration can be performed
consecutively. The other major advantage of the holding
register is that it allows the interleaving of any number of
countdown-values. Loading the holding register with a new
countdown-value does not affect the countdown-value pres-
ently in the timer’s countdown circuitry. In this way a count-
down-value (call it A) can be counting down and the holding
register can be loaded with a new countdown-value (call it
B). When the value A reaches zero, both the timer interrupt
and Time Out flag [TO] are set, and the value B is loaded
into the countdown circuitry and starts its countdown. Then
the value A can be loaded back into the holding register
when the CPU has the time. This demonstrates how count-
down-values with different durations can be interleaved and
once again how the timer does not have to wait to be serv-
iced by the CPU, making both the timer and CPU more effi-
cient.

The CPU can load the upper and lower bytes of the holding
register by writing the desired value to the CPU registers
{TRH} and {TRL]} respectively.

Control of the timer's countdown circuitry is maintained via
three bits in the Auxiliary Control Register (ACR]}.

Timer STart [TST] (bit 7 of {ACRY}) is the start/stop control
bit for the timer. Writing a one to [TST] starts the timer
counting down from the present value in the countdown cir-
cuitry. When [TST] is zero the timer stops and the timer
interrupt is cleared.

The second control bit is Timer LoaD [TLD] (bit 6 of
{ARC}). This bit allows the CPU to immediately load the
timer’'s countdown circuitry with the value in the timer's
holding register. This capability is required after the DP8344
is reset; the value in the timer's countdown circuitry will be
the reset value and not the desired value. CPU controlled
loading can also be used to load higher priority countdown-
values before a lower priority countdown is completed. The
5250 Protocol application implements the timer in this man-
ner.

National Semiconductor
Application Note 626
William V. Miller

Writing a one to {TLD] wilt load the timers countdown cir-
cuitry with the value in the timer’s holding register and initial-
izes the timer clock in preparation to start counting down.
Upon completing the load operation [TLD] is cleared by in-
ternal hardware.

When the timer is loaded by writing a one to [TLD], the
timer is re-initialized to prevent the timer’s circuitry from dec-
rementing the newly loaded countdown-value prematurely.
By initializing the countdown circuitry after a CPU load, the
newly loaded countdown-value’s duration will be accurately
measured. The reader should note that there is no way to
precisely measure the total elapse time of two or more
countdown-values if the CPU loads them (using [TLD]) into
the countdown circuitry. However, the error due to CPU
loading will be a maximum of one period of the timer for
each CPU load and can often be ignored if the countdown
values are large.

EXAMPLE: countdown-value = 1000
maximum count error = 1
maximum error = 0.1%

The last control bit is TiMer Clock select (bit 5 of {ACR}).
This bit determines the rate at which the countdown-value
will be decremented. When [TMC] is low, the timer decre-
ments the countdown-value at one-sixteenth the CPU's
clock frequency. When [TMC] is high the rate is one-half the
CPU’s clock frequency. The reader should note that the tim-
er's decrement rate is based on the CPU’s clock frequency,
which is controlled by CPU Clock Select [CCS] (bit 7 of
{DCR}). When [CCS] is low the CPU's clock frequency
equals the oscillator’s clock frequency, and when [CCS] is
high the CPU’s clock frequency equals one-half the oscilla-
tor’s clock frequency.

The last portion of the timer's circuitry is a sixteen-bit output
register. This output register is loaded with the present val-
ue of the countdown-value in the countdown circuitry, at the
end of every execution cycle. This register is loaded even if
the timer is stopped.

The CPU can read the upper and lower bytes of this output
register by reading the CPU registers {TRH} and {TRL}
respectively.

The reader should note that when the CPU reads and writes
to the registers (TRH} and {TRL]} the timer's circuitry ac-
cesses different registers. All writes will load the timer's
holding register and all reads will read the timer’s output
register.

The count status of the timer can be monitored by reading
{TRL} and/or {TRHJ. When the registers are read, the val-
ue in the timer’s output register is presented to the CPU and
not the value in the input holding register. To read back
what was written to {TRL} and {TRH}, the timer must be
loaded first, followed by a one instruction delay before read-
ing {TRL} and {TRH} to allow the output register to be
updated after the load operation. Figure 1 is a block diagram
of the Timer-CPU interface.

I
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TIMER AND CLOCK DIVIDER

CPU Clock

TL/F/10450-1

FIGURE 1. Block Diagram of Timer-CPU Interface

TIMER OPERATION
This section of the application note reviews the general op-

. eration of the timer. Constraints and suggestions for soft-

ware are included as well as-a short review of the timing
equations.

After the desired sixteen bit time-out value is written into the
timer's holding register via {TRL} and (TRH}, the start,
load and clock selection can be achieved in one write to
{ACR]. A glitch, which will cause a loss of timer accuracy,
may occur if the timer’s clock frequency is changed while
the timer is running. To prevent this, a restriction exists on
changing the timer’s clock frequency in that [TMC] should
not be changed ‘while ‘the timer is running (i.e., [TST] is
high). ‘After the write to {ACR}, the timer starts counting
down at the selected frequency starting with the loaded val-
ue from the timer's holding register. Upon reaching a count
of zero the timer reloads the current word in its holding reg-

‘ister and recycles through the count.
The tlmlng waveforms shown in’ Figure 2 show a write to

{ACR} that loads, starts and selects the divide by two of the
CPU clock rate. The timer interrupt has also been selected.
Prior to the write to {ACR]}, the holding register in the timer
was loaded ‘with 0002 (Hex) by writing 02 (Hex) and 00
(Hex) to {TRL} and {TRH} respectively. The timer interrupt

) has also’ been selected

|11|12|h|12|

"The timer can be selected as an interfupt source by un-

masking it in the Interrupt Control Register {ICR}. This is
achieved by writing a zero to bit 4 of {ICR} and asserting
the Global Interrupt Enable [GIE] (bit 0 of {ARC}). The tim-
er interrupt is the lowest priority interrupt and is latched and
maintained until it is cleared in software. If the timer times
out prior to T2 of an instruction, the call to the interrupt

" service routine will occur in the next instruction. When the

time out occurs in T2, the call will occur in the instruction
after the next instruction.

The timer may also be used in a polled configuration. This is
achieved by masking the timer interrupt bit (i.e., writing a
one to bit 4 of {ICR}) and writing software which will poll the
[TO] flag (bit 7 of {CCR}). Both [TO] and the timer interrupt
are set high when the timer counts to zero. )

Then the timer reloads the current word in its holding regis-
ter and recycles through the count. This means_that the
timer continues to keep track of time while leaving the task
of handling the timer interrupt and/or the [TO] poll to be
performed by the CPU. To operate correctly in the polled
configuration, software must be written that will guarantee
that [TO] is polled and cleared at a rate that prevents [TO]
being set twice before it is polled again.

The interface between the CPU and the timer allows onIy
one byte of information to be transferred at a time. This

| 12 | o | o2 | n | 2 | 1n |

1BUS x SE13 X B009

X BOOA

. Non-executed x First Interrupt
XBOQB X Instruction instruction -

Call to Timer ISR

THER LOAD /_\ " ‘ _ .
i A\ [\
" counr ~ K ovoz X ooot )\_;/(6002’ Xvoom , )\__/ o002 \_

TIMER INTERRUPT

/

TL/F/10450-2

FIGURE 2. Timing Waveforms of Timei- Operation




prevents the CPU from accessing both {TRL) and {TRH} in
the same instruction. Since the timer's output register is up-
dated after every instruction cycle, two consecutive reads of
{TRL} and {TRH} will not correspond to the same count
status in the timer. This error will be slight except when one
of the output register values rolls over or when the count in
the timer reaches zero and the timer reloads between in-
structions.

The suggested software for this situation is to read {TRH},
then read {TRL} and then read {TRH} again. If the values
for both reads of {TRH]} are the same, then the output reg-
ister values did not roll over and the timer did not reload.
This eliminates the error due to rolling over or reloading, but
increases the amount of software.

The reader must be aware that stopping the timer (i.e., writ-
ing a zero to [TST]) will clear both the [TO] flag and the
timer interrupt. For the case where the timer counts down to
zero just prior to or during a stop timer instruction, the [TO]
flag and timer interrupt will be cleared before the software
can take the desired action. Thus, the information that the
timer counted to zero will also be lost. The software to han-
dle this situation should check the [TO] flag one instruction
before the stop instruction and then check the value in the
timer’s output register one instruction after the stop instruc-
tion. Checking the [TO] flag before the stop instruction will
insure that any previous count to zero will be verified. On the
other hand, if the [TO] flag was low and the value in the
output register is the same as the value stored in the holding
register, then the timer counted to zero and reloaded just
prior to or during the stop instruction.

For any value except 0000 (Hex) loaded into the timer's
holding register, the following equations can be used to de-
termine the time out delay for that value:

With the CPU running with a 18.8 MHz crystal, the maximum
single loop time out attainable would be 55.6 ms
([TMC] = 0). The minimum time out with the same con-
straints is 106 ns ([TMC] = 1). For accumulating time out
intervals, the total time out is simply the number of loops
accumulated multiplied by the calculated Timeout. The
equations above do not account for any overhead for pro-
cessing the timer interrupt and for precision timing this may
need to be included.

INTRODUCTION TO APPLICATIONS

In a communications environment a timer may be needed to
determine the appropriate response time, the polling rate of
a device or the length of a signal.

The first two applications discussed are for the communica-
tions environment.

In the first application the response time for the BCP operat-
ing in the 5250 protocol mode is controlled by the timer.

In the second application, the serial input from a keyboard is
connected to the DP8344's BIRQ pin and the timer deter-
mines at what rate the input is sampled to read in the valid
keystroke serial data.

To further demonstrate the timer's versatility the last two
applications discuss how to implement basic timer uses not
restricted to the communications environment; namely
blinking the terminal’s cursor and a real time clock.

All four applications implement the timer as an interrupt
source, none poll the [TO] flag. Using the interrupt reduces
the amount of software needed and it also results in the
fastest responses to a time out. However, the reader should
note that the [TO] flag may be read even during other inter-
rupt routines while the timer’s interrupt is masked off. This
may be important if the other interrupt routines are long and
could delay the service of the timer interrupt longer than the

929-NV

2; [TMC] =1
Timeout = (value in the holding register) X Tcpu X
16; [TMC] =0
where:
Tcpu = The period of the CPU clock
CPU clock = oscillator clock rate ; [CCs] =0
CPU clock = 14 oscillator clock rate ; [CCS] =1

Timeout = The amount of time after the end of the
instruction that asserts [TST]
When the value of 0000 (Hex) is loaded into the timer, the maximum time out
is obtained and is calculated as follows:
2; [TMC] =1
Timeout = 65536 X Tepu X
16; [TMC] =0
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time out length. Thus the [TO] flag can be used to guaran-
tee the timer |s,serwced even dunng anothers interrupts
serwce routine.

5250 PROTOCOL

Introduction

The DP8344 Biphase Communication Processor (BCP) is
capable of responding to received data within 5.5 ps. This is
a stringent requirement for the IBM 3270 protocol. However,
the IBM 5250 protocol requires a response time of 45 us
+15 us. Obviously the powerful BCP will respond too rapid-
ly if it is not programmed to wait at least 30 us before re-
sponding.

Also while operating in the IBM 5250 protocol mode, the
BCP often expects to be polled at some minimum rate. in
this discussion the BCP expects to be polled within every
two seconds. If the BCP is not polled within this time it is
assumed that a problem exists and the BCP is programmed
to reset.

In‘this application the timer and some DP8344 software are
used to guarantee the proper response time, and to deter-
mine how Iong it has been since the last poll.

General Descrlption

For the majority of time, the timer will be used to keep track
of the real-time which has transpired since the BCP was last
polled. However, once a receiver interrupt is set, the timer
loads and counts down a 45 us delay value. This count
down is used to delay the BCP’s response so that it will lie
between 30 ps and 60 us. After the 45 us delay value is
handled, the timer returns to keeping track of the two sec-
onds of real-time.

Resetting the BCP, after two seconds have passed since it
was last polled, is ‘not a stringent requirement. Thus the
45 ps delays are not included in the two seconds. In effect a
receiver interrupt 1) stops the timer, 2) records the present
value of the two second count down value, 3) loads and
counts down the 45 us delay value, and 4) reloads and
continues the two second count down from the value re-
corded after the receiver interrupt stopped the timer.

Detailed Description

After a reset the timer must be programmed to operate in’

the desired configuration before the BCP can start its opera-
tion in the 5250 protocol mode. For this application the timer
is pre-configured to divide the CPU clock by sixteen (CPU
clock = 1, oscillator clock, OCLK = 18.8696 MHz). All
interrupts are unmasked and enabled. The.time out value
60BE (Hex) is then loaded into the timer’s holding register
via {TRL} and {TRH}.

After the timer is programmed properly the timer is loaded
and started with one write to {ACR]}. The reader will note
that the count down value of 60BE (Hex) corresponds to
21 ms not two seconds. As shown earlier in this application
note (OPERATION section), the maximum single loop time
out attainable for this mode is 55.6 ms. Since it is impossible
to load the timer with a countdown-value of two seconds,

software is written to record the number of times the 21 ms
count down value reaches zero. Still more software is re-
sponsible for resetting the BCP if one hundred time outs
occur before the BCP is polled again.' The use of 21 ms time
outs instead of 20 ms time outs will guarantee that a mini-
mum of two seconds has passed, even if there are small
timing errors by either the controller or the BCP’s oscillator
clock.

The timer will continue to count down the 21 ms time outs
until a receiver interript is set. The BCP's software then
calls a receiver interrupt service routine. (Refer to Figure 3
for the BCP code for this service routine.) The timer is
stopped. The present value of the 21 ms count down is
stored in a temporary memory location. The time out value
0011 (Hex) which corresponds to 28 us is loaded into the
timer's holding register via {TRL} -and {TRH}. (Adding the
delay due to setting up and responding to the timer together
with the 28 ps time out, results in a total elapse time delay
which guarantees the response between 30 us and 60 ps.)
The timer is loaded and restarted. Then the partially com-
pleted 21 ms countdown-value stored in a temporary mem-
ory location is loaded into the timer's holding.register via
{TRL} and {TRH}. Once the 28 ps time out counts to zero,
the partially completed 21-ms time out is resumed as the
timer is loaded with the value in the holding reglster and
continues the 21 ms count down.

Every time the timer counts down to zero, it sets the timer
interrupt and the DP8344 is programmed to cal! a timer in-
terrupt service routine. In order to operate correctly the
service routine must first determine if a 21 ms or a 28 ps
time out has occured. If a 28 ps time out has taken place,
the timer is stopped. The value in the timer's holding regis-
ter will not be the 21 ms count down value; it will be the
value which was in the timer when the receiver interrupt
stopped the timer. So the 21 ms countdown-value 60BE
(Hex) is loaded into the timer’s holding register via {TRL}
and {TRH}. Then the timer is started. If a 21 ms timer inter-
rupt is pending it will be serviced, otherwise the software will
return with all interrupts unmasked and enabled.

In the case of a 21 ms timer interrupt, the number of 21 ms
time outs is recorded for all seven sessions in data memory.
For every 21 ms timer interrupt a one is added to the value
stored in data memory for each session. An exception is
made when FF (Hex) is the value stored in data memory.
Adding a one would result in the value 00 (Hex) replacing FF
(Hex) in memory. This would falsely indicate that less than
21 ms has passed since the BCP was last polled. As a result
if FF (Hex) is the number in memory nothing is added to it.
As before the software returns with all interrupts unmasked
and enabled.

The software which 1) clears the number of 21 ms time outs
recorded when the BCP is polled and 2) resets the BCP
after two seconds have passed without the BCP being
polled, is not discussed in this application note because it
does not effect the normal operation of the timer.

This application describes the use of the timer in the 5250
protocol mode as it is implemented in the Multi-Protocol
Adapter (MPA).
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name: tw_timer_int

description: The timer interrupt service routine is responsible
for:
1) Maintains a real time clock counter for each session:
- Increments a real time clock counter which controls
System Available flag, auto reset and reset
complete;
- Prevents counter roll over by keeping a max count
of FFh;
2) Provides 45us time out signal for poll response
- If interrupt is due to 45us poll response, unmasks
Tx int to
allow for response.
note : The timer interrupt service routine lock out host
access and
other interrupts except TFE interrupt.
scope: global

entry: timer interrupt hits, ie. timer reaches a count of zero.
the timer is pre-configured to use 1/16 cpu clock with a
count value of 305Fh which corresponds to 21ms.
inputs: 1) tw_sysa_por_cnt(0-6)
real time clock counters, reset to O by receiver when
Poll received, and
by session task when going to do a POR.
2) tw_sysa_resp_flag (in RSTATE)
- TW_TIMER_RESP
timer response flag, set by receiver for 45us poll ]
response.
- TW_TO_PEND
timer interrupt pending flag, set by receiver if it sees
a pending
timer interrupt.

exit:
outputs: 1) tw_sysa_por_cnt(0-6)
for all sessions, counters are incremented by 1.
Counters will remain in 'FF without roll over.
2) tw_sysa_resp_flag (in RSTATE)
- TW_TIMER_RESP
reset if interrupt is due to 45us poll response.
- TW_TO_PEND
reset if there is a pending timer interrupt.

FIGURE 3

TL/F/10450-3
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’
’
’
’
’
’

COPYRIGHT NATIONAL SEMICONDUCTOR, INC. 1987,1988

pseudo code

stw_rel_time_clk_timer()

lock out remote access
reset time-out flag by setting [TO] to 1;
if (time-out of 45us)
{
stop timer;
reload timer input register;
start timer;
allow poll response by unmasking transmitter interrupt;
reset poll response flag;
if NOT (timer interrupt pending)

(

call check birq;
enable interrupt;

return with flags and reg banks restored;
}

enable interrupt;

}

push regs being used in following section;
for all 7 sessions do

{
if tw_sysa_por_cnt = Ssec next session
else
{ 0
increment tw_sysa_por_cnt;
next session;

}

}

restore registers;

set interrupt mask to enable all interrupts;
call check birq;

return with flags and reg banks restored;

FIGURE 3 (Continued)

TL/F/10450-4

2-140




.GLOBAL dca_fast_birq, tw_tx_tm_entry

TW_TIMER.BCP: SECT X

tw_timer_int::

exx MAAB ; switch reg bank
PUSHP 1Z ; save IZ
or CCR_TO,CCR ; clear time out of timer

LIJMPBP RSTATE,TW_TIMER_RESP,NS tm_relti_clk
Jjump to real time clock counter

; timer poll/activate read response timeout and offline response
; timing

and ~ACR_TST.ACR ; stop timer

move TM_21MS_HLACC , prepare timer input
upper byte

move ACC,TRH ; move.-to TRH

move TM_21MS_LO,ACC i prepare timer input
lower byte

move ACC,TRL ; move to TRL

or ACR_TST,ACR . start timer

LIMPBP  RSTATE,RX_RESPONSE_WAIT,S,tm_skip_tfe
; if offline response
timeout, skip tfe call
and ~ICR_TX,ICR ; unmask Tx interrupt
since interrupt expects
to be unmasked
Icall tw_tx_tm_entry ; 8o handle response
via TFE interrupt
tm_skip_tfe: :
LIMPBP  RSTATE,TW_TO_PEND,S,tm_relti_clk_1
3 jump to real time clock
if interrupt pending
and ~(TW_TIMER_RESPIRX_RESPONSE_WAIT),RSTATE;
; reset poll response flag
jmp tm_check_birq ; go check birq, do birq
if needed [VO0.5]

. real timer clock counter

tm_relti_clk_1:
and ~(TW_TIMER_RESPIRX_RESPONSE_WAIT!
TW_TO_PEND),RSTATE
; reset poll response, response
wait, and int pending FLAGS
tm_relti_clk:

move DCPHIIZHI ; setup IZHI
move  LOW(tw_sysa_por_cnt0-1),ACC ;. setup IZLO
move ACCJIZ1.0 H
move 1LACC ; set a'l’ for
- later use
move [+IZ],GP7 ; get counter
cmp  GP7,TM_SSEC ; equal to 5.4sec?
jz tm_next_1 } yes, goto next session
without counter +1
adda GP7,[IZ] ; increment counter
FIGURE 3 (Continued)

TL/F/10450-5
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tm_next_1:
move [+1Z},GP7
cmp  GP7,TM_SSEC
jz tm_next_2

; get counter
; equal to 5.4sec?
; yes, goto next session

without counter +1

; increment counter

adda GP7,[1Z)
tm_next_2:
move [+IZ],GP7 ; get counter
cmp  GP7,TM_SSEC ; equal to 5.4sec?

jz tm_next_3

; yes, goto next session

without counter +1

; increment counter

adda GP7,[1Z]
tm_next_3:
move [+IZ]),GP7 ; get counter
cmp  GP7,TM_SSEC ; equal to 5.4sec?

jz tm_next_4

; yes, goto next session

without counter +1

; increment counter

adda GP7,[1Z)
tm_next_4:
move [+1Z],GP7 ; get counter
cmp GP7,TM_SSEC ; equal to 5.4sec?

jz tm_next_S

; yes, goto next session

without counter +1

; increment counter

adda GP7,(1Z]
tm_next_S:
move [+IZ],GP7 . get counter
cmp  GP7,TM_SSEC ; equal to 5.4sec?

jz tm_next_6

; yes, goto next session

without counter +1

; increment counter

. yes, goto next session

adda GP7,(IZ]
tm_next_6:
move [+IZ],GP7 ; get counter
cmp  GP7,TM_SSEC ; equal to 5.4sec?
jz tm_next_end
without counter +1
adda GP7,[1Z] ; increment counter

tm_next_end:
tm_check_birq:
in {V0.5)
1jmp CCR,BIRQ,S,tm_no_birq

; check pending

; following codes added

; return with GIE, ALU flags

and reg bank restored

birq
Icall dca_fast_birq , yes, go do it
tm_no_birq:
POPP 1z ; Testore Z
UNLOCK ; unlock remote
ret RIRFB
.end

TL/F/10450-6

FIGURE 3 (Continued)

DP8344 AS A SERIAL INPUT FROM A KEYBOARD

Introduction

To keep the cost of terminals low, the 3270 protocol was
designed to place all of the intelligence of the system in the
cluster controller while all of the memory remained in the
terminal. In this protocol the terminal is responsible for re-
cording all keystrokes until the cluster controller can poll the
terminal and process the keystroke data.

With that in mind this application uses the timer along with
the BIRQ interrupt pin as a serial port to read in keystrokes

from a serial keyboard. The timer in this application is used
to read the serial keystroke dataword at the proper baud
rate. (Refer to Figure 4 for the actual BCP code used for this
application.)

Description

The specifications for the serial dataword produced by the
serial keyboard and read by the DP8344 are as follows: it is
1) asynchronous, 2) ten bits long (1 startbit, 8 databit with
the most significant bit first, and 1 stopbit), and 3) transmit-
ted at 1200 baud. When no serial data is being transmitted
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the serial data line will be held high. The start bit will be a
zero to indicate the beginning of the serial bit string.

As mentioned in the introduction, the serial data line from
the keyboard is connected to the BIRQ interrupt pin (Pin 53
on the DP8344). The BIRQ interrupt pin acts as the serial
port through which the serial keystroke dataword is read
into the DP8344.

First, BCP software programs the timer to determine the
baud rate at which the DP8344 will read the serial dataword
presented at the BIRQ pin. The timer is pre-configured to
divide the CPU clock by two (i.e., [TMC] = 1) with the CPU
clock set equal to the oscillator clock at 18.8696 MHz (i.e.,
[CCS] = 0). The time out value of 03D7 (Hex) is loaded into
the timer's holding register via {TRL} and {TRH]}. The time
out value of 03D7 (Hex) corresponds to 0.104188748 ms or
approximately one eighth of 0.833333 ... ms, which is the
period of one bit at 1200 baud. After the holding register is
loaded, the timer is loaded but not started. Both the timer
and BIRQ interrupts are unmasked and enabled. Now the
DP8344 is ready to read an asynchronous, ten bit long serial
keystroke dataword at 1200 baud via its BIRQ interrupt pin.

After the timer is configured the DP8344'’s software can per-
form other operations until a zero on the serial data line
activates the BIRQ interrupt (Note: the BIRQ interrupt is ac-
tive low). The software then jumps to a BIRQ interrupt serv-
ice routine. The service routine will mask off the BIRQ inter-
rupt and start the timer and then return to perform other
operations. After four consecutive timer interrupts the mid-
dle of the startbit should be present at the BIRQ pin. To
ensure that a glitch or noise did not produce a zero momen-
tarily and that the zero is actually a startbit, the BIRQ inter-
rupt is unmasked. If the value at the BIRQ pin is a one
instead of a startbit zero, the timer is stopped and reloaded
with the countdown-value 03D7 (Hex). The BIRQ interrupt
will remain unmasked waiting for the next zero. However, if
the value at the BIRQ pin is a zero (indicating a valid start-
bit), the software jumps to the BIRQ interrupt service rou-
tine. The BIRQ interrupt is masked off and the timer contin-
ues to run and the software returns to perform other opera-
tions.

For the case of a true startbit the DP8344 needs to read in
the value of the serial keystroke dataword. The value of
each data bit must be read one at a time. After each value is
read, it is added to a temporary value stored in a register.

Once the value of the keystroke dataword has been calcu-
lated it is transferred to data memory and the temporary
register is cleared so that the next keystroke value may be
calculated there. The following is a more detailed descrip-
tion of this process, starting in the middle of the start bit.

After eight more timer interrupts the middle of the first and
most significant data bit is present at the BIRQ pin. So the
software unmasks the BIRQ interrupt. If a zero is present at
the BIRQ pin, the software calls the BIRQ interrupt service
routine. The BIRQ interrupt is masked off and nothing is
added to the value in the temporary register. After masking
off the BIRQ interrupt the software returns to perform other
operations. On the other hand, if the value at the BIRQ pin
is a one, the BIRQ interrupt is masked off and the value 80
(Hex) (Most Significant Bit) is added to the value (initially 00
(Hex)} in the temporary register.

Likewise, after eight more timer interrupts the middle of the
second serial databit is present at the BIRQ pin. So the
BIRQ interrupt is unmasked and goes through the same
procedure as above to decide if 40 (Hex) should be added
to the value in the temporary register. Similarly this method
will continue for the next six data bits. After the least signifi-
cant bit has been evaluated, the value in the temporary reg-
ister is moved to data memory. The reader should realize
that this value can also be stored in another register if de-
sired. Then the temporary register is cleared so that the
next keystroke value can be recorded there.

The software continues to mask off the BIRQ interrupt until
the end of the stopbit. At the end of the stopbit the timer is
stopped and the time out value 03D7 (Hex) is loaded into
the timer. The BIRQ interrupt is unmasked to wait for the
next start bit zero.

This application has demonstrated how the timer and the
BIRQ input/output pin can be used as a serial input. Howev-
er there should be a note of warning that a production pro-
gram should sample the serial input signal more than once
every bit-time to guarantee valid data at a given baud rate.
Furthermore, the software for the DP8344 must guarantee
that the timer and/or BIRQ interrupts are not masked off by
higher priority interrupts for too great a time; this could delay
the sampling of the serial input signal for more than a bit-
time, resulting in invalid data being read.
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a serial input pin.

appropriate action for each case.

memory locations.

G We we W we W we W W we s e

This program will receive serial data using the BIRQ pin as

The timer will be used to determine when the middle of a bit
is present at the BIRQ pin. Then the value of the bit is sampled
with the use of the BIRQ interrupt along with software to decide
if the bit is a one or a zero. Then the software takes the

In this program all keystokc values are stored in consecutive

##kkikk. National Semiconductor Copyright 1988 ¥k

~.input © “stdequ.hdr"

CODE: .sect x

initdalization:

exx - AAABDI
move S5Fh,DCR
move 02h,IBR
exx MAMB,DI
move OE7hICR
move 10,JWLO
move 00,JWHI
move 0,IX
move 0,GP0O
move 0,GP1
move 0,GP2
move 0,GP3
move 0,GP4
move 0,GP5
move GP5,]ZLO
move 1,GP6
move GP5,IZHI
move 80h,GP7
move GP7,[1Z+2]
move 40h,GP7
move GP7,[1Z+3]
move 20h,GP7
move GP7,[1Z+4]
move 10h,GP7
move GP7,[1Z+5]
move 08h,GP7
move GP7,[1Z+6]
move 04h,GP7
move GP7,[1Z+7]
move 02h,GP7
move GP7,[1Z+8]
move 01h,GP7
move GP7,[1Z+9]
move 0D7h,GP7
move GP7,TRL
move 03h,GP7

;set CPU-CLK equal to OCLK
;set up interrupts

;unmask timer and BIR interrupts
;clear IW

;clear IX
;clear temporary registers

;load IZ with

;base address in data memory
;for bit constant values
;storing constants for

; the most significant bit
; bit6 ‘

; bits

; bit4

; bit3

; bit2

; bitl

; the least significant bit

;load timer's holding register
;with count down value

FIGURE 4

TL/F/10450-7
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move GP7,TRH
move 61h,ACR ;load timer
:END of initialization
back:
cmp GP0,0
jz back ;swaiting for BIRQ interrupt
cmp GPO,0
jz back ;protection
cmp GP1,0 ;Is this a true start bit?
jnz next_1
move 0,GP2 ;:NO, then clear GP2
jmp  next 2
next_1:
move OEFh,ICR ;mask off the BIRQ interrupt
move GP1,GP4
move [IZ+A],GP4 ;load value of present bit
adda GPS5,GP5 ;add value of present bit
cmp GP1,9 ;Is this bit 0?7
jnz  next 2
move GP5,[IW+] ;YES, store byte of imformation
move 0,GP5 ;clear temporary registers
move 0,GP6
next_2:
move 0,GP0
ljmp back

;Timer Interrupt Service Routine
« 3 3k sk 3k 3¢ ¢ ok 3k e e 3k sk 3k ok ok e o ke ok e o o e ke e ke ok sk e e ok
3

tm:
or 80h,CCR ;clear [TO] flag
cmp GP6,0 ;Is GP6 = 0?
jnz next_10
add 1,GP3 ;loop until the stop
cmp GP3,14h ;bit has passed
jnz  next_11
move 60h,ACR ;stop and load timer
move 0,GP1 ;clear GP1
move 0,GP2 ;clear GP2
move 0,GP3 ;clear GP3
move 1,GP6 ;set GP6 =1
‘ move OE7h,ICR ;unmask the BIRQ interrupt
next_11:
ret RI
next_10:
cmp GP1,0 ;Is this the start bit?
jnz next_12
add 1,GP3 ; YES, add one to GP3
cmp GP34 ;Is it the middle of the
jnz next_13 ;start bit?
move 1,GP0 ;YES, set GPO =1
move 0,GP3 ;clear GP3
move OE7h,ICR ;unmask BIRQ interrupt
next_13:
ret RI

TL/F/10450-8
FIGURE 4 (Continued)
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next_12:
add
cmp
jnz
move
add
move
move
next_14:
ret

;BIRQ Interrupt Service Routine

1,GP3
GP3,08h
next_14
1,GP0O
1,GP1
0,GP3
OE7h,ICR

RI

;Is it the middle of a

;data bit?

;YES, set GPO =1

;update which bit it is

;clear GP3

;unmask the BIRQ interrupt

« sk ke ok ok 3k e ok e sk ke sk sk sfe ke e ok be e ok e e sk ke e sk ek e ok ok
’

bq:
move
move

next_21:

next_20:

next_22:

CODE:

.END

OEFh,ICR
0,GP0
GP1,0
next_20
GP2,0
next_21
0AOh,ACR
1,GP2

RI

1,GP1

GP1,9
next_22
GP5,[IW+]
0,GP5
0,GP6

RI

.sect ax
.org  210h
limp bq
.org 214h
limp tm

:mask off the BIRQ interfupt
;clear GPO
;Is this the start bit?

;YES, is this the first
;indication?

;YES, start the timer
;set GP2 =1

;setGP1 =1

TL/F/10450-9
FIGURE 4 (Continued)
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TL/F/10450-10

FIGURE 5. A Flow Chart of the Basic Application of the DP8344 as a Serial Input Keyboard
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This is the very simple cursor program for the BCP.

The timer along with the software toggles the state of the
cursor every 200msec. The state of the cursor is stored in data

ws ws us we we we we ws

memory.
.input "stdequ.hdr”
CODE: .sect X
initialization:
exx AA,AB,DI
move S5Fh,DCR ;set CPU-CLK equal to OCLK
move 01,IBR ;set up interrupt
exx MA,MB,DI
move OEFh,ICR ;unmasktimer interrupt
move 0,GP0 ;clear temperary register
move 0,GP1 ;clear temperary register
move 0,GP2 ;clear temperary register
move GP2IZLO iClear IZ
move GP2,IZHI
move GP2,[1Z+0] ;clear data memory location
move S5Ch,GP2
move GP2,TRH ;load high bit of the timer
move 23h,GP2
move GP2,TRL ;load low bit of the timer
move 0C1h,ACR ;load and start timer
;END of initialization
loop:
jmp loop ;wait for timer interrupt
;Timer Interrupt Service Routine
dest:
or 80h,CCR ;clear [TO] flag
add 1,GPO
cmp GPO,0Ah ;Has 200msec passed?
mz R ;NO, return with interrupts on
move 0,GP0 ;YES,
cmp GP1,0 ;Toggle
jnz  next ; the
move 1,GP1 H value
jmp  send H of
next
move 0,GP1 ; the
send:
move GP1,[I1Z+0} B cursor
ret RI sreturn with interrupts enabled
CODE: .sect ax
.org 114h
ljmp dest
.END
TL/F/10450-11
FIGURE 6
BLINK THE CURSOR Description

Introduction

Blinking the cursor is performed on virtually all computers.
With its powerful CPU and programmable timer, the DP8344
can easily implement this basic function without any addi-
tional components.

In this application the timer along with a small amount of
software will turn the cursor on and off at a periodic rate.
The following is a description of the way the timer is pro-
grammed and the DP8344's software used to implement
this function. (Refer to Figure 6 for the actual BCP code for
this application.)

The following is one of many ways to perform the blinking
cursor operation.

First, timer must be programmed to operate in the desired
configuration. For this application the timer is pre-configured
to divide the CPU clock by sixteen with the CPU clock set
equal to the oscillator clock at 18.8696 MHz (i.e., [CCS] =
0). The timer interrupt is unmasked and enabled. The time
out value of 5C23 (Hex) is loaded into the timer's holding
register via {TRL} and {TRH}.

After the timer is programmed properly, the timer is loaded
and started by writing to {ACR]}. Once the timer is loaded
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and started, it will continually cycle through the time out
value of 5C23 (Hex), which corresponds to 20 ms. When the
timer counts down to zero, it will set the timer interrupt and
the BCP’s software is programmed to call a timer interrupt
service routine. The timer interrupt service routine updates
and stores the state of the cursor in data memory.

State of Cursor: 0 —> Cursor is OFF
1 — Cursoris ON

After ten timer interrupts, the service routine will toggle the
state of the cursor. Thus, the cursor will blink 2.5 times a
second.

Blinking the cursor every 200 ms is not a stringent require-
ment. As a result the 5250 protocol's 45 us delays may be
interleaved with the 20 ms time outs. This once again dem-
onstrates that the flexibility of the timer can enhance the
performance of two functions at the same time.

REAL-TIME CLOCK

Introduction

An added feature on most personal computers is a real-time
clock. The clock is used to provide the time, the day, the
month and the year. With the BCP's programmable timer
and powerful CPU, this clock function can be performed by
the DP8344 without any additional components.

In this application the timer along with a small amount of
DP8344 software keeps track of the time. Software also
allows the user to set the initial time, then the DP8344’s
timer and software takes over and accurately keeps track of
the time. The following is a description of the way the timer
is programmed and the DP8344’s software used to imple-
ment a real-time clock. (Refer to Figure 7 for the actual BCP
code for this application.)

Description

The following describes one basic way to implement a real-
time clock using the BCP.

First, the timer must be programmed to operate in the de-
sired configuration. For this application the timer is pre-con-
figured to divide the CPU clock by sixteen with the CPU
clock set equal to the oscillator clock at 18.8696 MHz (i.e.,
[CCS] = 0). The timer interrupt is unmasked and enabled.
The countdown-value of 5C23 (Hex) is loaded into the tim-
er's holding register via {TRL} and {TRH]}.

After the timer is programmed properly the timer is loaded
and started by writing to {ACR]}. Once the timer is loaded
and started, it should remain on and continually cycle
through the time out value of 5C23 (Hex), which corre-
sponds to 20 ms exactly. When the timer counts down to

zero, it sets the timer interrupt and the CPU is programmed
to call a timer interrupt service routine.

The timer interrupt service routine is very basic. The number
of seconds, minutes, hours, days and years are- all recorded
in separate data memory locations. The service routine will
add one to the seconds value after fifty timer interrupts.
After sixty seconds, the seconds value is reset to zero and a
one is added to the minutes value. After sixty minutes, the
minutes value is reset to zero and a one is added to the
hours value. Likewise the number of hours days and years
are recorded in a similar manner.-

As mentioned in the introduction, in order to set the present
date and time after powering up requires software which
allows the user to define the present time and date. This
software would be remote processor software, not DP8344
software. This remote processor's software should allow
the user to enter the present time and date, then this soft-
ware must transform the entered time and data into data
which can be transferred to the real-time clock’s data mem-
ory locations. This starts the clock at the entered time, and
the timer and DP8344 software will be responsible for up-
dating the clock accurately.

The reader may desire a clock which records time in incre-
ments as small as a hundredth of a second. In this case the
timer should be programmed to count down 10 ms time
outs, and another data memory location must be used to
record the number of these hundredths of a second.

For the application of a real-time clock, the timer cannot
interleave two timing values as in the 5250 Protocol applica-
tion. The timer must be pre-configured and allowed to run
without interruption. Otherwise, timing errors will occdr and
the clock will not record time accurately.

However, the reader may notice that the BLINK THE CUR-
SOR application uses the same time out value (i.e., 5C23
(Hex)) as the real-time clock. This demonstrates how the
BCP can be programmed to use one countdown-value to
implement two desirable functions wnhout effecting the per-
formance of either operation.

A final warning to the reader. The oscillator clock must be

" extremely accurate for this application. For the program pro-

vided, and error of 0.0002 MHz in the oscillator clock (OCLK
= 18.8696 MHz) will result in an error of 0.916 seconds a
day or 5 minutes 34 seconds per year. The best way to
prevent timing problems is to accurately measure the oscil-
lator clock frequency first, then calculate and implement all

time out values based on that measurement.

929-NV
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This is the third version of the real-time clock.

This version like the second uses the timer interrupt to make
service calls, instead of polling the TO flag (bit 7 of CCR)
to see when the timer has counted to zero. The timer is pre-
configured to use CPU-CLK/16 and the CPU-CLK is set equal to
OCLK (oscillation clock, in this case 18.8696 MHz). The countdown
value is 5C23 Hex, which corresponds to 20 ms.

The IW register is incremented every 20 ms interrupt until
it contains 32(Hex) or 50(Dec), which corresponds to every second
exactly. Then the IX register is incremented.

Unlike version 2 this version uses data memory to store and
record the time that has elapsed. The following table gives
the memory locations of the stored time values.

value ! memory location (HEX)
seconds | 00 40
minutes | 00 30
hours | 0020
days | 0010 ,
years | 0000 (not implimented in program)
.input "stdequ.hdr"
CODE: .sect x
initialization:
exx AA,AB,DI
move SFh,DCR ;set CPU-CLK equal to OCLK
move 01,IBR ;set up interrupt
exx MAMBDI
move OEFh,ICR ;unmask timer interrrupt
move 0,IW ;clear IW
move 0,IX ;clear IX
move 0,GP5 _
move GP5,IYLO clear IY
move GP5,IYHI
move GPS5,IZLO sclear IZ
move GP5,IZHI
move GP5,[1Z+0] ;clear year
move GP5,[1Z+10h] ;clear days
move GP5,[IZ+20h] ;clear hours
move GP5,[1Z+30h] ;clear minutes
move GP5,[1Z+40h] ;clear seconds
move 1,GP6
move S5Ch,GP5
move GP5,TRH ;load high byte of the time out value
move 21h,GP5
move GP5,TRL ;load low byte of the time out value
move 40h,ACR ;load timer from the holding reg.
move 81h,ACR ;start timer
;END of initialization
loop:

FIGURE 7

TL/F/10450-12

2-150




dest:

next_1:

next_2:

next_3:

CODE:

jmp

loop

;Timer interrupt service routine
;*******************************

or
add
cmp
mz
move
move
add
cmp
jnz
move
move
mz
move
add
cmp
jnz
move
move
move
mz
move
-~ add
cmp
jnz.
move
move
move
mz
move
add
move
move
ret

.sect

.org

ljmp
.END

80h,CCR
1,IWLO
IWLO,32h

RI

0,IWLO
[IZ+40h],IXLO
LIXL.O :
IXLO,3Ch
next_1

0,IXLO

IXLO,[IZ+40h]
RI

[1Z+30h],IXLO
1,IXL.O
IX1.0O,3Ch
next_2

0,IXLLO
IX1.O,[1Z+30h]
0,IXLO

RI .
[IZ+20h],IXLO
1,IXLLO
IXLO,18h
next_3

0,IXL.O
IXLO,[1Z+20h]
0,IXLO

RI

1LIXLO
IXLO,[1Z+10h]
0,IXLO

RI

ax
114h
dest

[IZ+10h],IXLO

;clear [TOJ flag

;increment IW

;does IW = 50 decimal

;NO, then return with interrupt on
clear IW ‘

;YES, then increment IX
;does seconds = 60

;YES, then clear seconds
;move seconds to data memory
sincrement minutes

;does minutes = 60

; YES, then clear minutes
;move minutes to data memory

;increment hours
;does hours = 24

;YES, then clear hours
;move hours to data memory

;increment days

FIGURE 7 (Continued)
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Interfacing the DP8344
to Twinax

OVERVIEW

The DP8344, or Biphase Communications Processor
from National Semiconductor’s Advanced Peripherals group
brings a new level of system integration and simplicity to the
IBM® connectivity world. Combining a 20 MHz RISC archi-
tecture CPU with a flexible muiti-protocol transceiver and
remote interface, the BCP is well suited for IBM 3270, 3299
and 5250 protocol interfaces. This Application Note will
show how to interface the BCP to twinax, as well as provide
some basics about the IBM 5250 environment.

5250 ENVIRONMENT

The IBM 5250 environment encompasses a family of devic-
es that attach to the IBM System/34, 36 and 38 mid-size
computer systems. System unit model numbers include the
5360, 5362, 5364, 5381, and 5382, and remote controller
models 5294 and 5251 model 12. The system units have
integral work station controllers and some may support up
to 256 native mode twinax devices locally. Native mode
twinax devices are ones that connect to one of these host
computers or their remote control units via a multi-drop, high
speed serial link utilizing the 5250 data stream. This serial
link is primarily implemented with twinaxial cable but may be
also found using telephone grade twisted pair. Native mode
5250 devices include mono-chrome, color and graphics ter-
minals, as well as a wide range of printers and personal
computer emulation devices.

TWINAX AS A TRANSMISSION MEDIA

The 5250 environment utilizes twinax in a multi-drop config-
uration, where eight devices can be “daisy-chained” over a
total distance of 5000 ft. and eleven splices, {(each physical
device is considered a splice) see Figure 1. Twinax can be
routed in plenums or conduits, and can be hung from poles
between buildings (lightning arrestors are recommended for
this). Twinax connectors are bulky and expensive, but are
very sturdy. Different sorts may be purchased from IBM or a
variety of third party vendors, including Amphenol. Twinax
should not be spliced; to connect cables together both ca-
bles should be equipped with male connectors and a quick-
disconnect adapter should be used to join them (Amphenol
#82-5588).

National Semiconductor
Application Note 516
Thomas J. Quigley

Twinaxial cable is a shielded twisted pair that is nearly 1/; of
an inch thick. This hefty cable can be either vinyl or teflon
jacketed and has two internal conductors encased in a stiff
polethylene core. The cable is available from BELDEN (type
#9307) and other vendors, and is significantly more expen-
sive than coax.

The cable shield must be continuous throughout the trans-
mission system, and be grounded at the system unit and
each station. Since twinax connectors have exposed metal
connected to their shield grounds, care must be taken not to
expose them to noise sources. The polarity of the two inner
conductors must also be maintained throughout the trans-
mission system.

The transmission system is implemented in a balanced cur-
rent mode; every receiver/transmitter pair is directly cou-
pled to the twinax at all times. Data is impressed on the
transmission line by unbalancing the line voltage with the
driver current. The system requires passive termination at
both ends of the transmission line. The termination resist-
ance value is given by:

Ry = Zpy2; where

Ry Termination Resistance

2Z,: Characteristic Impedance
In practice, termination is accomplished by connecting both
conductors to the shield via 54.9Q, 1% resistors; hence the
characteristic impedance of the twinax cable of 107 +5%
at 1.0 MHz. Intermediate stations must not terminate the
line; each is configured for “‘pass-through” instead of “ter-
minate” mode. Stations do not have to be powered on to
pass twinax signals on to other stations; all of the receiver/
transmitter pairs are DC coupled. Consequently, devices
must never output any signals on the twinax line during pow-
er-up or down that could be construed as data, or interfere
with valid data transmission between other devices.

WAVEFORMS

The bit rate utilized in the 5250 protocol is 1 MHz £2% for
most terminals, printers and controllers. The IBM 3196 dis-

LC

ERJ
£

)

=

NG

AA
A
VVv
£
5

e ccccccccccacanaag
LT T TP Y Y T F ¥

STATION ‘0’ STATION 1"

)

ER)

[RE]

b3

STATION 7
TL/F/9635~1

FIGURE 1. Multi-Drop Transmis3ion Lines

The eight stations shown include the host device as a station. The first and last stations are terminated while intermediate stations are not.
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play station has a bit rate of 1.0368 MHz +0.01%. The data
are encoded in biphase, NRZI (non-return to zero inverted)
manner; a “1” bit is represented by a positive to negative
transition, a “0” is a negative to positive transition in the
center of a bit cell. This is opposite from the somewhat
more familiar 3270 coax method. The biphase NRZI data is
ehcoded in a pseudo-differential manner; i.e. the signal on
the “A” conductor is subtracted from the signal on “B” to
form the waveform shown in Figure 2. Signals A and B are
not differentially driven; one phase lags the other in time by
180°. Figures 3 and 4 show actual signals taken at the driver
and receiver after 5000 ft. of twinax, respectively.

500 1000 2000 3000 4000

0
time (ns) ~+—+—+ + +

The signal on either the A or B phase is a negative going
pulse with an amplitude of —0.32V +20% and duration of
500 +20 ns. During the first 250 +20 ns, a predistortion or
pre-emphasis pulse is added to the waveform yielding an
amplitude of —1.6V +£20%. When a signal on the A phase
is considered together with its B phase counterpart, the re-
sultant waveform represents a bit cell or bit time, comprised
of two half-bit times. A bit cell is 1 us +20 ns in duration
and must have a mid bit transition. The mid bit transition is
the synchronizing element of the waveform and is key to
maintaining transmission integrity throughout the system.

5000 6000 7000 8000 9000
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rrririrr— I
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il b I
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TL/F/9635-2

FIGURE 2. Twinax Waveforms
The signal on phase A is shown at the initiation of the line quiesce/line violation sequence.

Phase B is shown for that sequence, delayed in time by 500 ns.
The NRZI data recovered from the transmission.

TL/F/9635-3
FIGURE 3. Signal at the Driver
The signal shown was taken with channel 1 of an oscilloscope connected to
phase B, channel 2 connected to A, and then channe! 2 inverted and added
to channel 1.

TL/F/9635-4
FIGURE 4. Signal at the Receiver

The signal shown was viewed in the same manner as Figure 3. The severe
attenuation is due to the filtering effects of 5000 ft. of twinax cable.
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As previously mentioned, the maximum length of a twinax
line is 5000 ft. and the maximum number of splices in the
line is eleven. Devices count as splices, so that with eight
devices on line, there can be four other splices. The signal
5000 ft. and eleven splices from the controller has a mini-
mum amplitude of 100 mV and a slower edge rate. The bit
cell transitions have a period of 1 us +30 ns.

5250 BIT STREAM

The 5250 Bit stream used. between the host control units
and stations on the twinax line consists of three separate
parts; a bit synchronization pattern, a frame synchronization
pattern, and one or more command or data frames. The bit
sync pattern is typically five one bit cells. This pattern
serves to charge the distributed capacitance of the trans-
mission line in preparation for data transmission and to syn-
chronize receivers on the line to the bit stream. Following
the bit sync or line quiesce pattern is the frame sync or line
violation. This is a violation of the biphase, NRZI data mid
bit transition rule. A positive going half bit, 1.5 times normal
duration, followed by a negative going signal, again 1.5
times normal width, allows the receiving circuitry to estab-
lish frame sync.

Frames are 16 bits in length and begin with a sync or start
bit that is always a 1. The next 8 bits comprise the com-
mand or data frame, followed by the station address field of
three bits, a parity bit establishing even parity over the start,
data and address fields, and ending with a minimum of three
fill bits (fill bits are always zero). A message consists of a bit
sync, frame sync, and some number of frames up to 256 in
total. A variable amount of inter-frame fill bits may be used
to control the pacing of the data flow. The SET MODE com-
mand from the host controller sets the number of bytes of
zero fill sent by attached devices between data frames. The
zero fill count is usually set to zero. The number of zero fill
bits injected between frames by the BCP is set by the Fill Bit
select register {FBR). This register contains the one’s com-
plement of the number of BITS sent, not bytes.

Message routing is accomplished through use of the three-
bit address field and some basic protocol rules. As men-
tioned above, there is a maximum of eight devices on a
given twinax line. One device is designated the controller or

host and the remaining seven are slave devices. All commu-
nication on the twinax line is host initiated and half duplex.
Each of the seven devices is assigned a unique station ad-
dress from zero to six. Address seven is used for an End Of
Message delimiter, or EOM. The first or only frame of a
message from controller to device must contain the address
of the device. Succeeding frames do not have to contain the
same address for the original device to remain selected,
although they usually do.

The last frame in a sequence must contain the EOM delimi-
ter. For responses from the device to the controller, the
responding device places its own address in the address
field in frames 1 to (n — 1),where n < 256, and places the
EOM delimiter in the address field of frame n. However, if
the response to the controller is only one frame, the EOM
delimiter is used. The controller assumes that the respond-
ing devices was the one addressed in the initiating com-
mand.

Responses to the host must begin in 60 +20 us, although
some specifications state a 45 +15 ps response time. In
practice, controllers do not change their time out values per
device type so that anywhere from 30 ps to 80 us response
times are appropriate.

DRIVER CIRCUITS FOR THE DP8344

The transmitter interface on the DP8344 is sufficiently gen-
eral to allow use in 3270, 5250, and 8-bit transmission sys-
tems. Because of this generality, some external hardware is
needed to adapt the outputs to form the signals necessary
to drive the twinax line. The chip provides three signals:
DATA-OUT, DATA-DLY, and TX-ACT. DATA-OUT is bi-
phase serial data (inverted). DATA-DLY is the biphase serial
data output (non-inverted) delayed one-quarter bit-time. TX-
ACT, or transmitter active, signals that serial data is being
transmitted when asserted. DATA-OUT and DATA-DLY can
be used to form the A and B phase signals with their three
levels by the circuit shown in Figure 5. TX-ACT is used as an
externa! transmitter enable. The BCP can invert the sense
of the DATA-OUT and DATA-DLY signals by asserting TIN
{TMRI[3}}. This feature allows both 3270 and 5250 type
biphase data to be generated, and/or utilization of inverting
or non-inverting transmitter stages.

T PHASE=A
-l 1 or PHASE=B
SHIELD GND
TX=DATA ! —O,_PASS THRU
TX=DATA > L \ )
2
XeACT 741508 ! )
3 ]
PWR=C00D > m -0y :
s TERMINATE
L sk 5490 Sk 1082 10K
) 1 820K 19
12v
LK ﬁum
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3 |
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'_E " 1zlotz
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TL/F/9635-5
FIGURE 5. Schematic
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The current mode drive method used by native twinax devic-
es has both distinct advantages and disadvantages. Current
mode drivers require less power to drive properly terminat-
ed, low-impedance lines than voltage mode drivers. Large
output current surges associated with voltage mode drivers
during pulse transition are also avoided. Unwanted current
surges can contribute to both crosstalk and radiated emis-
sion problems. When data rate is increased, the surge time
(representing the energy required to charge the distributed
capacitance of the transmission line) represents a larger
percentage of the driver’s duty cycle and results in in-
creased total power dissipation and performance degrada-
tion.

A disadvantage of current mode drive is that DC coupling is
required. This implies that system grounds are tied together
from station to station. Ground potential differences result in
ground currents that can be significant. AC coupling re-
moves the DC component and allows stations to float with
respect to the host ground potential. AC coupling can also
be more expensive to implement.

Drivers for the 5250 environment may not place any signals
on the transmission system when not activated. The power-
on and off conditions of drivers must be prevented from
causing noise on the system since other devices may be in
operation. Figure 5§ shows a “DC power good” signal en-
abling the driver circuit. This signal will lock out conduction
in the drivers if the supply voltage is out of tolerance.

Twinax signals can be viewed as consisting of two distinct
phases, phase A and phase B, each with three levels, off,
high and low. The off level corresponds with 0 mA current
being - driven, the high level is nominally 62.5 mA,
+20%-30%, and the low level is nominally 12.5 mA,
+20%-30%. When these currents are applied to a proper-
ly terminated transmission line the resultant voltages im-
pressed at the driver are: off level is OV, low level is 0.32V
+20%, high level is 1.6V +£20%. The interface must pro-
vide for switching of the A and B phases and the three
levels. A bi-modal constant current source for each phase
can be built that has a TTL level interface for the BCP.

An integrated solution can be constructed with a few current
mode driver parts available from National and Texas Instru-
ments. The 75110A and 75112 can be combined to provide
both the A and B phases and the bi-modal current drive
required as in Figure 5. The external logic used adapts the
coax oriented BCP outputs to the twinax interface circuit,
and prevents spurious transmissions during power-up or
down. The serial NRZ data is inverted prior to being output
by the BCP by setting TIN, {TMR([3]}.

RECEIVER CIRCUITS

The pseudo-differential mode of the twinax signals make
receiver design requirements somewhat different than the
coax 3270 world. Hence, the analog receiver on the BCP is
not well suited to receiving twinax data. The BCP provides
both analog inputs to an on-board comparator circuit as well
as a TTL level serial data input, TTL-IN. The sense of this
serial data can be inverted by the BCP by asserting RIN,
{TMRI4]}.

The external receiver circuit must be designed with care to
ensure reliable decoding of the bit-stream in the worst envi-
ronments. Signals as small as 100 mV must be detected. In
order to receive the worst case signals, the input level
switching threshold or hysteresis for the receiver should be

nominally 29 mV +20%. This value allows the steady state,
worst case signal level of 100 mV 66% of its amplitude
before transitioning.
To achieve this, a differential comparator with complemen-
tary outputs can be applied, such as the National LM361.
The complementary outputs are useful in setting the hyster-
esis or switching threshold to the appropriate levels. The
LM361 also provides excellent common mode noise rejec-
tion and a low input offset voltage. Low input leakage cur-
rent allows the design of an extremely sensitive receiver,
without loading the transmission line excessively.
In addition to good analog design techniques, a low pass
filter with a roll-off of approximately 1 MHz should be ap-
plied to both the A and B phases. This filter essentially con-
ducts high frequency noise to the opposite phase, effective-
ly making the noise common mode and easily rejectable.
Layout considerations for the LM361 include proper bypass-
ing of the =12V supplies at the chip itself, with as short as
possible traces from the pins to 0.1 uF ceramic capacitors.
Using surface mount chip capacitors reduces lead induc-
tance and is therefore preferable in this case. Keeping the
input traces as short and even in length is also important.
The intent is to minimize inductance effects as well as stan-
dardize those effects on both inputs. The LM361 should
have as much ground plane under and around it as possi-
ble. Trace widths for the input signals especially should be
as wide as possible; 0.1 inch is usually sufficient. Finally,
keep all associated discrete components nearby with short
routing and good ground/supply connecgions. :
Design equations for the LM361 in a 5250 application are
shown here for example. The hysteresis voltage, Vp, can be
expressed the following way:

Vh = Viio + ((Rin/(Rin + Ry) X Vq)

~ (Rin/(Rin + R) X Vo)

where

Vi, — Hysteresis Voltages, Volts

Rin — Series Input Resistance, Ohms

Ry — Feedback Resistance, Ohms

Cin — Input Capacitance, Farads

Viio— Receiver Input Offset Voltage, Volts

Von— Output Voltage High, Volts

Vo — Output Voltage Low, Volts
The input filter values can be found through this relation-
ship:

Vein = Vint = Vin2/1 + iWCin (Rin1 + Rin2)

where Rjny = Rinz = Rin:

Fro = w/2mw

Fro = 1/(2m X Rin X Cin)

Cin = 1/(27 X Rjn X Fro)
where

Vint» Vina— Phase A and B signal voltages, Volts

— Voltage across Ci,, or the output of the filter,
Volts

Rin1, Rino— Input resistor values, Rjn1 = Rjn2, Ohms
Fro — Roll-Off Frequency, Hz
w — Frequency, Radians

Vein

2-155

91S-NV




AN-516

The roll-off frequency, Fro, should be set nominally to
1 MHz to allow for transitions at the transmission bit rate.
The transition rate when both phases are taken together is
2 MHz, but then Rjy¢ and Rjn2 must be considered, so:

Fro2 = 1/(27 X (Rin1 + Rin2) X Cin)

or,

Fro2 = 1/(2m X 2 X Rjn X Cjp)

where Fro2 = 2 X Fro, yielding the same results.

The following table shows the range of values expected:

TABLE |
Value Maximum Minimum Nominal Units Tolerance
Rin 4.935E+03 4.465E +03 4.700E+03 Q 0.05
Rr 8.295E +05 7.505E+05 7.900E+05 Q 0.05
CiN 4.4556E—11 2.6875E—11 3.3863E—-11 F
VoH 5.250E+ 00 4.750E+00 5.000E + 00 \
VoL 4.000E—-01 2.000E—-01 3.000E—-01 \Y%
ViN+ 1.920E + 00 1.000E —01 \
VinN— 1.920E+00 1.000E—01 Y
VRio 5.000E—03 0.000E +00 1.000E—-03 \
R 6.533E—03 5.354E—03 5.914E-03 Q
. Fro 1.200E+ 06 8.000E + 05 1.000E + 06 Hz 0.2
VR 3.368E—02 2.691E—02 2.880E—02
Xc 7.4025E+03 2.9767E+03 4.7000E+03 -

The BCP has a number of advanced features that give de-
signers much flexibility to adapt products to a wide range of
IBM environments. Besides the basic multi-protocol capabil-
ity of the BCP, the designer may select the inbound and
outbound serial data polarity, the number of received and
transmitted line quiesces, and in 5250 modes, a program-
mable extension of the TX-ACT signal after transmission.
The polarity selection on the serial data stream is useful in
building single products that handle both 3270 and 5250
protocols. The 3270 biphase data is inverted with respect to
5250.

Selecting the number of line quiesces on the inbound serial
data changes the number of line quiesce bits that the re-
ceiver requires before a line violation to form a valid start

sequence. This flexibility allows the BCP to operate in ex-
tremely noisy environments, allowing more time for the
transmission line to charge at the beginning of a transmis-
sion. The selection of the transmitted line quiesce pattern is
not generally used in the 5250 arena, but has applications in
3270. Changing the number of line quiesces at the start of a
line quiesce pattern may be used by some equipment to
implement additional repeater functions, or for certain inflex-
ible receivers to sync up.

The most important advanced feature of the BCP for 5250
applications is the programmable TX-ACT extension. This
feature allows the designer to vary the length of time that
the TX-ACT signal from the BCP is active after the end of a
transmission. This can be used to drive one phase of the
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twinax line in the low state for up to 15.5 ps. Holding the line
low is useful in certain environments where ringing and re-
flections are a problem, such as twisted pair applications.
Driving the line after transmitting assures that receivers see
no transitions on the twinax line for the specified duration.
The transmitter circuit shown in Figure 5 can be used to
hold either the A or B phase by using the serial inversion
capability of the BCP in addition to swapping the A and B
phases. Choosing which phase to hold active is up to the
designer; 5250 devices use both. Some products hold the A
phase, which means that another transition is added after
the last half bit time including the high and low states, with
the low state helf for the duration, see Figure 6. Alternative-
ly, some products hold the B phase. Holding the B phase
does not require an extra transition and hence is inherently
quieter.

TL/F/9635-6
FIGURE 6. Line Hold Options
The signal was viewed in the same manner as Figures 3 and 4. The lefthand
portion of the signal is a transmitting device utilizing line hold on phase A.
The right hand side shows the IBM style (phase B) line hold.

To set the TX-ACT hold feature, the upper five bits of the
Auxilliary Transceiver Register, {ATR [3-7]}, are loaded
with one of thirty-two possible values. The values loaded
select a TX-ACT hold time between 0 ps and 15.5 ps in 500
ns increments.

SOFTWARE INTERFACE

The BCP was designed to simplify designing IBM communi-
cations interfaces by providing the specific hardware neces-
sary in a highly integrated fashion. The power and flexibility
of the BCP, though, is most evident in the software that is
written for it. Software design for the BCP deserves careful
attention.

When designing a software architecture for 5250 terminal
emulation, for example, one concern the designer faces is
how to assure timely responses to the controller's com-
mands. The BCP offers two general schemes for handling
the real time response requirements of the 5250 data
stream: interrupt driven transceiver interface mode, and
polled transceiver interface mode. Both modes have
strengths that make them desirable. The excellent interrupt

response and latency times of the BCP make interrupts very
useful in most 5250 applications.

Although factors such as data and instruction memory wait
states and remote processors waiting BCP data memory
accesses can degrade interrupt response times, the mini-
mum latency is 2.5 T-states. The BCP samples all interrupt
sources by the falling edge of the CPU clock; the last falling
edge prior to the start of the next instruction determines
whether an interrupt will be processed. When an interrupt is
recognized, the next instruction in the present stream is not
executed, but its address is pushed on the address stack. A
two T-state call to the vector generated by the interrupt type
and the contents of {IBR]} is executed and [GIE] (Global
Interrupt Enable) is cleared. If the clock edge is missed by
the interrupt request or if the current instruction is longer
than 2 bytes, the interrupt latency is extended.

Running in an interrupt driven environment can be complex
when multiple sessions are maintained by the same piece of
code. The software has the added overhead of determining
the appropriate thread or session and handling the interrupt
accordingly. For a multi-session 5250 product, the trans-
ceiver interrupt service routines must determine which ses-
sion is currently selected through protocol inferences and
internal semaphores to keep the threads separate and in-
tact.

In a polled environment, the biggest difficulty in designing
software is maintaining appropriate polling intervals. Polling
too often wastes CPU bandwidth, not polling frequently
enough loses data and jeopardizes communication integrity.
Standard practice in servicing polled devices is to count
CPU clock cycles in the program flow to keep track of when
to poll. A program change can result in lengthy recalcula-
tions of polling intervals and requalifications of program
functionality. Using the programmable timer on board the
BCP to set the polling interval alleviates the need to count
instructions when code is changed or added. In both polled
or interrupt environments, the latency effects of remote
processors waiting memory accesses must be limited to a
known length of time and figured into both polling intervals
and worst case interrupt latency calculations. Using the pro-
grammable timer on the BCP makes both writing and main-
taining polled software easier.

SOFTWARE ARCHITECTURE FOR 5250 EMULATION

The 5250 data rate is much lower than that of the 3270 data
stream, hence it is possible for the BCP to emulate all seven
5250 sessions with a CPU frequency of 8 MHz. Choosing a
16 MHz crystal allows the transceiver to share the CPU
clock at OCLK/2, eliminating an extra oscillator circuit. The
8 MHz rate yields a 125 ns T-state, or 250 ns for most
instructions. Interrupt latency is typically one instruction (as-
suming no wait states or remote accesses) which is suitable
for 5250 operation. If more speed is desired, the CPU could
be switched to 16 MHz operation.

A MULTI-MODE TRANSCEIVER

The BCP provides two 5250 protocol modes, promiscuous
and non-promiscuous. These two modes afford the design-
er areal option only when the end product will attach to one
5250 address at a time. The non-promiscuous mode is con-
figured with an address in the {ATR]} register and only re-
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ceives messages whose first frame address matches that
address, or an error occurs in the first frame of the mes-
sage. Filtering out unwanted transmissions to other ad-
dresses leaves more CPU time for other non-protocol relat-
ed tasks, but limits the device to one address at a time. The
promiscuous mode allows messages to any and all address-
es-to be received. Resetting the transceiver during a mes-
sage destined to another device forces the transceiver to
begin looking for a start sequence again, effectively discard-
ing the entire unwanted message. Because of its flexibility,
the promiscuous mode is used in this illustration.

REAL TIME CONSIDERATIONS

Choosing a scheme for servicing the transceiver is basic to
the design of any emulation device. The BCP provides both
polled and interrupt driven modes to handle the real time
demands of the chosen protocol. In this example, the inter-
rupt driven approach is used. This implies the extra over-
head of setting up interrupt vectors and initializing the inter-
rupt masks appropriately. This approach eliminates the
need to figure polling intervals within the context of other
CPU tasks.

5250 CONFIGURATION

Configuring a complex device like the BCP can be difficult
until a level of familiarity with the device is reached. To help
the 5250 product designer through an initial configuration, a
register by register description follows, along with the rea-
sons for each configuration choice. Certainly, most applica-
tions will use different configurations than the one shown
here. The purpose is to illustrate one possible setup for a
5250 emulation device.

There are two major divisions in the BCP's configuration
registers: CPU specific and transceiver specific ones.

CPU SPECIFIC CONF'GURATION REGISTERS:

{DCR}—Device Control Register—This register controls
the clocks and wait states for instruction and data memory.
Using a value of H#AO sets the CPU clock to the OCLK/2
rate, the transceiver to OCLK/2, and no wait states for ei-
ther memory bank. As described above, the choice of a
16 MHz crystal and configuring this way allows 8 MHz oper-
ation now, with a simple software change for straight 16
MHz operation.in the future.

(ACR]-—AuxIIIary Control Reglster—Loadlng this register
with H# 20 sets the timer clock source to CPU-CLK/2, sets
[BIC], the Bidirectional Interrupt Control to configure BIRQ
as an input, allows remote accesses with [LOR] cleared,
and disables all maskable interrupts through [GIE] low.
When interrupts are unmasked in {ICR}, [GIE] must be set
high to allow interrupts to operate. [GIE] can be set and
cleared by writing to it, or through a number of instructions
including RET and EXX. '
{IBR}—Interrupt Base Reglster—This register must be
set to the appropriate base of the interrupt vector table lo-
cated in data RAM. The DP8344 development card and
monitor software expect [IBR] to be at H# 1F, making the
table begin at H# 1F00. The monitor software can be used
without the interrupt table at H# 1F00, but doing so is sim-
plest for this illustration.

{ICR}—Interrupt Contro! Register—This register con-
tains both CPU and transceiver specific controls. From the

CPU point of view, the interrupt masks are located here. In
this illustration, the system requires receiver, transmitter,
BIRQ, and timer interrupts, so that in operation those inter-
rupt bits should be unmasked. For initialization purposes,
though, interrupts should be masked until their vectors are
installed and the interrupt task is ready to be started. There-
fore, loading [ICR] with H# 7F is prudent. This also sets the
receiver interrupt source, but that w:II be discussed in the
next section. .

TRANSCEIVER CONFIGURATION REGISTERS:

{TMR}—Transcelver Mode Register—This register con-
trols the protocol selection, transceiver reset, loopback, and
bit stream inversion. Loading this register with H#0D sets
up the receiver in 5250 promiscuous mode, inverts serial
data out, does not invert incoming serial data, does not al-
low the transmitter and receiver to be active at the same
time, disables loopback, and does not reset the transceiver.
Choosing to set [RIN] low assumes that serial data will be
presented to the chip in NRZi form. Not allowing the receiv-
er and transmitter to operate concurrently is not an issue in
5250 emulation, since there is no defined repeater function
in the protocol as in 3270 (3299). Bits [B5, 6], [RPEN] and
[LOOP] are primarily useful in self testing, where [LOOP]
routes the transmitted data stream into the receiver and
simultaneous operation is desirable. Please note that for
loopback operation, [RIN] must equal [TIN]. [TRES] is used
regularly in operation, but should be left off when not specif-
ically needed.

{TCR]—Transceiver Command Register—This register
has both configuration and operation orientated bits, includ-
ing the transmitted address and parity bits. For this configu-
ration, the register should be set to H#00 and the specific
address needed summed into the three LSBs, as appropri-
ate. The [SEC] or Select Error Codes bit is used to enable
the {ECR] register through the {RTR} transceiver FIFO
port, and should be asserted only when an error has been
detected and needs to be read. [SLRI, or Select Line Re-
ceiver is set low to enable the TTL-IN pin as the serial data
in source. The BCP's on chip comparator is best suited to
transformer coupled environments, and National's LM361
high speed differential comparator works very well for the
twinax line interface. [ATA], or Advance Transmitter Active
is normally used in the 3270 modes to change the form of
the first line quiesce bit for transmission. Some twinax prod-
ucts use a long first line quiesce bit, although it is not neces-
sary. The lower four bits in {TCR} are used to form the
frame transmitted when data is written into (RTRI, the
transceiver FIFO port. Writing into {RTR} starts the trans-
mitter and/or loads the transmit FIFO. The least significant
three bits in {TCR} form the address field in that transmitted
frame, and B3, [OWP] controls the type of parity that is
calculated and sent with that frame. [OWP] set to zero cal-
culates even parity over the eight data bits, address and
sync bit as defined in the IBM 5250 PAI.

{ATR}—Auxilllary Transceiver Register—Since this ap-
plication is configured for promiscuous mode, the {ATR}
register serves only to set the line hold function time. In non-
promiscuous mode, -the three least significant bits of this
register are the selected address. Setting this register to
H#50 allows a 5 ps hold time and clears the address field
to 0, since promiscuous mode is used.
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{FBR}—FIll Bit Reglster—This register controls the num-
ber of biphase zeros inserted between concatenated
frames when transmitting. This register should be set upon
reception of the SET MODE instruction from the host.
{FBR} contains the one’s complement of the number of
inter-frame fill bits so that H# FF sends no extra fill bits.

{ICR}—Interrupt Control Register—As discussed in the
CPU configuration section, this register sets [RIS] or Re-
ceiver Interrupt Select as well as the interrupt mask. Setting
the register to H#7F selects [DA + ERRY], Data Available
or transceiver ERRor, as the interrupt source. This interrupt
is asserted when either a valid frame has been clocked into
the receive FIFO or an error has occurred. Other interrupt
options are available including: [RA], Receiver Active; and
[RFF + ERRYI, Receive FIFO Full or transceiver ERRor. For
5250 protocols the [DA + ERR] is most efficient. The [RFF
+ ERR] interrupt will not assert until the FIFO is full ...
regardless of whether the incoming message is single or
multi-frame. [RA] provides plenty of notice that a frame is
incoming, but due to the speed of the BCP, this advanced
warning is not generally needed. [DA + ERR] provides a
notification just after the parity bit has been decoded from
the incoming frame which is almost 3 us prior to the end of
the frame. With the CPU running at 8 MHz, that allows typi-
cally nine instructions {[(4 * 3) — 3)]) for interrupt latency,
trap and bank switch after interrupting.

MULTI-SESSION POWER

Handling multiple sessions in software is not trivial, and
making the receiver service routines interrupt driven compli-
cates the task further. The BCP is so fast, that at 8 MHz
handling a multi-frame message by interrupting on the first
frame and polling for succeeding frames is very inefficient.
To maximize bandwidth for non-protocol related tasks, the
CPU should handle each frame separately on interrupt and
exit. To do this, a number of global state variables must be
maintained. Since the alternate B register bank is primarily
used for transceiver functions anyway, dedicating the other
registers in that bank permanently as state variables is ac-
ceptable in most cases; doing so speeds and simplifies ac-
cess to them. Defining the following registers as:

7 0

es [ 1 1 1 1 11

enables the software to keep track of the various states the
protocol must handle.

The active address bits in GP5' allow individual addresses
to be active, or any combination of addresses. When inter-
rupted by a message to a non-selected address, [TRES] is
toggled to reset the receiver until the beginning of the next
message is detected. [B7] is used to determine if any partic-
ular address is "selected” and in the process of receiving
data. The selected flag is set and cleared according to spe-
cific protocol rules set up in the IBM PAI.

Register GP6’' contains the selected address storage
[B0-2], where the address of the device expecting at least
one other frame is stored when exiting the interrupt service
routine, so that upon interruption caused by the reception of
that frame, the address is still available. The
received__EOM flag, [B3] is set when a message is decod-
ed that contains B# 111 or EOM delimiter. It is stored in this
global status register to allow the protocol to determine the
end of a transmission. In most multi-byte transmissions, the
number of data frames expected is dictated by the protocol.
However, ACTIVATE WRITE commands to printers can
have any number of data frames associated with them up to
256. In this situation, the activated flag, [B4] is set to signal
a variable length stream. Certain host devices also concate-
nate commands within messages, obscuring the determina-
tion of end of message. This scheme allows the software to
keep track during such scenarios. The multi-count bits,
[B6-7] are used in addition to the EOM delimiter to deter-
mine the end of a transmission. The number of additional
frames expected in a given multi-byte command is written
into these bits (note that a maximum of three bytes can be
planned for in this way). When the count is terminated and
no EOM delimiter is present, the algorithm then assumes a
multi-command message is in progress. [B5] is unused.

Register GP7’ is used to store the received data or error
code for passage to other routines. The data can be passed
on the stack, but dedicating a register to this function simpli-
fies transactions in this case. Keeping track of received data
is of utmost importance to communications devices.

| I Active Address and Select Register

916-NVY

L address 0 select
address 1 select
address 2 select
address 3 select
address 4 select
address 5 select
address 6 select
device selected flag

'

:

TL/F/9635-7

Global Status Register

e 1 | ] 11 11

selected address BO
selected address Bi
selected address B2
recelved_EOM flag
activated flag
unused

multi=count BO
multi=count B1

GP7'—Bits [0-7] Received Data or Error Register

I

TL/F/9635-8
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RECEIVER INTERRUPT

The receiver interrupt algorithm handles any or all seven
addresses possible on the twinax line. The same code is
used for each address by utilizing a page oriented memory
scheme. Session specific variables are stored in memory
pages of 256 bytes each. All session control pages, or
SCPs are on 256-byte even boundaries. By setting the high
order byte of a BCP index register to point to a particular
page or SCP, the low order byte then references an offset
within that page. Setting up data memory in such a way that
the first SCP begins at an address of B#xxxx x000 0000
0000 further enhances the usefulness of this construct. In
this scheme, the high byte of the SCP base pointer can be
used to set the particular SCP merely by summing the re-
ceived or selected address into the lower three bits of the
base register. :

NORMAL OPERATION

In normal operation, the configuration described thus far is
used in the following manner: After initializing the registers,
data structures are initialized, and interrupt routines should
be activated. This application utilizes the receiver, transmit-
ter, timer, and bi-directional interrupts. Since {IBR} is set to
H# 1F, the interrupt table is located at H# 1F00. A LUIMP to
the receiver interrupt routine should be installed at location
H#1F104, the transmitter interrupt vector at H# 1F08, the
BIRQ interrupt vector at H#1F10, and the Timer interrupt
vector at H# 1F14. Un-masking the receiver interrupt and
BIRQ at start up allows the device to come on-line.

When interrupt by the receiver, the receiver interrupt service
routine first checks the [ERRI flag in {TSR [B5]}. If no er-
rors have been flagged, the received__EOM flag is either
set or cleared. This is accomplished by comparing {TSR
[BO-2]} with the B#111 EOM. delimiter. A test of the se-
lected flag, {GP5’ [B7]} determines if any of the active ad-
dresses are selected. Assuming that the system is just com-
ing on line, none of the devices would be selected. If the
frame is addressed to an active device, the SCP for that
device is set, and the command is parsed. Parsing the com-
mand sets the appropriate state flags, so that upon exiting,
the interrupt routine will be prepared for the next frame.
Once parsed, the command can be further decoded and
handled. If the command is queue-able, the command is
pushed on the internal command queue, and the receiver
interrupt routine exits. if the command requires an immedi-
ate response, then the response is formulated, the timer
interrupt is setup, and the routine is exited.

The timer interrupt is used in responding to the host by wait-
ing an appropriate time to invoke the transmit routine. The
typical response delay is 45 +15 us after the last valid fill
bit received in the command frame. Some printers and ter-
minals are allowed a full 60 £20 ps to respond. In either
case, simply looping is very inefficient. The immediate re-
sponse routine simply sets the timer for the appropriate de-
lay and unmasks the timer.

In the transmit routine, the data to be sent is referenced by
a pointer and an associated count. The routine loads the
appropriate address in the three LSBs of {TCR]}, and writes
the data to be sent into {RTR}. This starts the transmitter. If
the data count is greater than the transmit FIFO depth
(three bytes), the Transmit FIFO Empty interrupt [TFE] is

setup. This vectors to code that refills the FIFO and re-en-
ables that interrupt again, if needed. This operation must be
carried out before the transmitter is finished the last frame in
the FIFO or the message will end prematurely.

The last frame transmitted must contain the EOM delimiter.
It can be loaded into {TCR} and data into (RTR} while the
transmitter is running without affecting the current frame. In
other words, the transmit FIFO is 12 bits wide, including
address and parity with data; the address field is clocked
along with the data field. In this way, multi-byte response
may be made in efficient manner.

ERROR HANDLING

In 5250 environments, the time immediately after the end of
message is most susceptible to transmission errors. The
BCP’s receiver does not detect an error after the end of a
message unless transitions on the line continue for a com-
plete frame time or resemble a valid sync bit of a multi-
frame transmission. If the twinax line is still active at the end
of what could be an error frame, the receiver posts the
LMBT error. For example, if noise on the twinax line contin-
ues for up to 11 us after the three required fill bits, the
receiver will reset without flagging an error. If noise resem-
bles a start bit, the receiver now expects a new frame and
will post an error if a loss of synchronization occurs. If the
noisy environment is such that transitions on the receiver’s
input continue for 11 us, or the receiver really has lost sync
on a real frame, the error is posted.

Basically, the receiver samples [LA] in addition to the loss
of synchronization indication to determine when to reset or
to post an error. After a loss of synchronization in the fill bit
portion of a frame, if the [LA] flag’s time-out of 2 ps is
reached prior to the end of what could be the next frame,
the receiver will reset. If the transitions prevent [LA] from
timing out for an entire 11 s frame time, a LMBT error is
posted. This method for resetting the receiver is superior in
that not only are the spurious loss of mid bit errors eliminat-
ed, the receiver performs better in noisy environments than
other designs.

SUMMARY

The IBM 5250 twinax environment is less understood and in
some ways more complex than the 3270 environment to
many developers. This application note has attempted to
explain some basics about twinax as a transmission medi-
um, the hardware necessary to interface the DP8344 to that
medium, and some of the features of the BCP that make
that task easier. Schematics are included in this document
to illustrate possible designs. Details of the twinax wave-
forms were discussed and figures included to illustrate
some of the more relevant features. Also, some different
software approaches to handling the transceiver interface
were discussed.
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APPENDIX A: EXAMPLE CODE

The following code was assembled with the HILEVEL assembler. Table Il shows the correlation between HILEVEL mnemonics
and the mnemonics used in National data sheets for the DP8344V.

916-NV

TABLE Il
HILEVEL National Semiconductor
MAQVE Rs,Rd MOVE Rs,Rd
LD Ftr,Rd{,Mde> MOVE [mIrl,Rd
ST Rs,Ptr{,Mde} MOVE Rs,[mIrl
LDAX Ptr,Rd MOVE LIr + Al,Rd
STAX Rs,Ptr MOVE Rs,LIr + Al
LDNZ n,Rd MOVE CIZ + nl,rd
STNZ Rs,n MOVE rs,[IZ + nl
LDI n,Rd MOVE n,rd
STI n,Ptr MOVE n,CIr]
ADD Rs,Rd ADDA Rs,Rd
ADDRI Rs,Ftr{,Mde} ADDA Rs,[mIr]
ADDI n,Rsd ADD n,rsd
ADC Rs,Rd ADCA Rs,Rd
ADCRI Rs,Ptr{,Mde} ADCA Rs,[mirl
SUBT Rs,Rd SUBA Rs,Rd
SUBRI Rs,Ftr{,Mde} SUBA Rs,IimIr1]
SUBI n,Rsd SUE n,rsd
SEC Rs,Rd SECA Rs,Rd
SBCRI Rs,Ptr{,Mde} SBCA Rs,L[mirl
AND FRs,Rd ANDA Rs,Rd
ANDRI Rs,Ptr{,Mde} ANDA Rs,[mIrl]
ANDI n,Rsd AND n,rsd
or Rs,Rd ORA  Rs,Rd
ORRI Rs,Ftr{,Mde} ORA Rs,[mIrl
ORI n,Rsd OR nyrsd
XOR Rs,Rd XORA Rs,Rd
XORRI Rs,Ptr{,Mde} XORA Rs,[mIrl
XORI n,Rsd XOR n,rsd
CMF Rs,n CMF rs,n
CFPL Rsd CFL _Rsd
BIT Rs,n RIT rs,n
SRL  Rsd,n SHR Rsd,b
SLA Rsd,n SHL Rsd,b
ROT Rsd,n ROT HRsd,b

TL/F/9635-9
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syntax for JIMF f-

G, 0N,

Lyrfdl
- opt. syntax -

JMFP n JMF n
CLIMPR LIMF. nn
JMFR Rs JMF Rs
JMFI Ftr LIMF CIrl
JRME. Rsyn,m JRME, Res,bym
JMFB Rs,s,p,n LIMFP Rsypysynn
IMPF s,f,n - JMF f,s,n
Jce n - opt.
CALL n CALL n
LCALL n LCAL.L nn
CALLE Rs,s,pn LCaLL Re,p,
RET 4{g{,rfi> RET {g {,rf}’
RETF s,f{,g{,rfi> RETF f,s,{, {g}
Ree {g {,rf2l
EXX a,b{,gl EXX ba,bb,{,qg}

TRAF n{,gl

Addr Line

TRAF n {,gU

Table 2

.REL
8

132
5,F
RYINT

(- BN S, e N N
—
—
=
=
™m

10
1 bool
12 ;byte
13 sbyte
14 ;3hool
15
16 srxintl)
17 ;byte
18 ;bool
19 ;bool
20 i
2t
2
3
24
25
i ]
271

i

RXINT - 9/21/87
pseudo code

selected;
seladdr;
sulticount;
activated;

data;
rx_eam;
1ta;

if (error) {
if (logerror()== true) return;
}

else {
it (TSR == EOM) rx_eoa = true;
else rx_eon = falsej

it ('selected) {

/¢ station is selected

/% address of selected station
/% nusber of frases in this multi
/+ coseand has been activated

/% data storage
/% received EOM
/% line-turn around flag

/% receiver errors

/¢ set received EOM flag

TL/F/9635-10
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if (lvar = sing'le_declude(d.atal) == queable!}
queuef{data);

>
29 if (active) { _-z
0 if (ra_eon) { a
g seladdr = (TSR # EON); ®
2 11 = (SCPBASE + seladdr}; /% set SCP to appropriate session #/
3 data = rtr}
R ] else {
I proto_error(); /# should not get here
I reset_xcvril;
7 returnll;
B ; }
1’ )
0 else {
4 reset_xcvr ()} /% not of interest
2 returnil;
A3 3 )
L1 I if (multifraee) { I+ activate write, etc...
45 aulticount = parseldataly /# set nuaber of frames #/
B selected = true; /% only way to select #/
4 queueldata);
8 }
L2 ] else { /% not aulti
0 it {lvar = single_decode(data)) == queable)
51 queue(data); v
2 else if (var == imsed} imsediateldatal;
53 } ’
R LI else { /% selected t/
B/ 17 = (SCPBASE + seladdr); .
Addr Line RXINT
56 3 data = rtr . -
57 if (activated) { /% in the middle of transmission
H: act_data(data);
59 3 if (rx_eos} { /% end of aessage
80 selected = false;
[ S activated = false;
82 )
63 return();
LI }
[ if (sulticount > 0) {
b queueldatal;
Y if (aulticount-= 0) {
88 if (rx_eon) selected = false;
69 }
70 }
i else {
n if (multifrase) {
A sulticount = parseldatal;
[ queue(datal;
5 } .
% else {
i
]

! ! TL/F/9635-11
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Addr Line

1
112
113
114
13
116
17
118
117
120
121
122
123
124
125
126
127
128

H else if (var == ipmed) immediate{datal;
H if {rx_eor) selected = false;
3 }
H }
H }
H }
H }
i returni{l;
33
slogerror
H
3 bool result;
; switch (error_type} {
H case RDIS:
H result = err_rdis(); I+ receiver diabled while active
H break;
s case LMBT:

H result = err_lsbt{); /% loss of aidbit error
H break;
H case PARR:
H result = err_parril; /% parity error
H break; )
H case OVF:
H result = err_ovf(); /% receiver FIF0 averrun
H break;
H default:
H result = err_unknown(); 1% strange error handler
H break;
H }
H return(resultl;
’
i

RXINT
serr_labt(}
He
y
H if (1DA LY 'selected & 'delay(LA)} returnifalsel; /# delay of & usec
3 else (
H loglls /% busp error counters
H returnitruel; ‘ /% adnit defeat
H }
§
§
H name: RYINT
H description: receiver interrupt handler
]
; received datus is sent to other routines thru gp7’
H SCP is set appropriately is IZ
H BPSP - active addresses:bits (-6
H selected flag: bit 7
H 6P&P - multicount: bit 7-6
H unused: bit §

TL/F/9635-12
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>
129 activated: bit 4 =
130 re_eon flags  bit 3 a
13 seladdr: bits 2-0 *®
132 BP7P - received data
133 :
134 entry: DA interrupt, GP5', GPH’
135 exit: ACC’,6P7' ARE DESTROYED
136 history: tig 9/16/87 create
137
138 PUBLIC RCVRINT
139
140 EXTRN  PARSE,BUEUE , IMNEDECODE ,RESXCVR
141 EXTRN  MIDERRL,MIDERRH,DVFERRL ,0VFERRH, PARERRL ,PARERRH
142 EXTAN  RXERRL ,RXERRH,RSPCTL,RSPCTH,BASESCF, 1ESERRL, IESERRK
143
144

145  SELERR: EQU E401000000 select the error register

146 RXEOM: EQU B#00601000 rxeon flag
147 EON: j2]1] B#00000111 EGM deliseter
148 MULTI: EQU E411000000 aulticount

149 SELECT: EQU 10000000

selected flag
150  LTA:  EQU B#10] "

15t CFLAS: AU BR0GOODG1D CARRY FLAB
152
00000 53 RCVRINT:
154 EXX  MA,AB,DI : SET APPRORIATE BANK
00000 AEES 154
00001 D500 153 INPF NS,RERR,NOERROR
00002 CCOO 156 CALL  RAERROR ; ERROR IN FRANE
00003 D900 157 MEF 5,C,EXIT ; ABORT
00004 D900 158 NOERROR
00004 BOTB 159 01 EON,ACC 5 LOAD MASK
149 XD TSR,BR7 ; FORM ADDRESS
00005 F1&5 180
161 NP BPT,EON : TEST
00006 3078 18t
£0007 DOOO 152 INFF NS,Z,CARKINT 5 IF NOT EGUAL, JuMP
Addr Line RYINT
00008 508 163 ORI RXEDM,GPé + ELSE SET EON FLAG
00009 CBOO 144 P CZRNINT ;
00008 CBOO 165  CIRXINT:
0000A 4778 1at ANDI  RXEOM¥,EP& ; CLEAR 1T
17
168 ; DECIDE IF WE'RE ALREADY SELECTED
W
00008 170 CIRXINT:
i JNPB  GPS,5,B7,DEVSELECT ; IF ALREADY SELECTED

00005 BDET 171 .
0000C 0000 171 |
1
173 ; NOT SELECTED...DECIDE IF ADDRESS IS ACTIVE, IE; VALID FOR US
TL/F/9635-13
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00000
00000 B3CS

0000E 8CO9
0000F 0000

00010 CE0Q
00011 0000

00012 8C29
00013 0000

00014 CEOO
00015 0000

00016 8C49
00017 0000

00018 CE0O
00019 0000

0001A BCAT
00018 0000

0001C CE0Q
0001D 0000

0001E BCBY
0001F 0000

00020 CEOO
00021 0000

00022 BCA9
00023 0000

00024 CE0O
00025 0000

00026 8CC9
Addr
00027 0000

00028 CE0Q
00029 0000

0002A CEBO
00025 0000
0002C CBOO

174
175
176
178
17
mn
i
178
178
178
179
179
179
180
180
180
181
181
18t
182
182
182
183
183
183
184
184
184
185
185
185
186
186
185
187
187
187
188
188
188
189
189

Line

189
190
150
120
1}
191
191
192

i
DEVTABLE:

RXINT

JRHK

NP3
Linp
B
Liwp
NP8
Lte
InPB
Lawp
P
L
s
L

IHPB

Lanp
LCALL

NP

TSR, ROTA, N5KS

£P5, NS, B0, RSTRY

LOADSCP

695, NS, B1 ,RSTRY

LOADSCP

6P5, NS, B2, RTRY

LOADSCP

£P5, NS, B, RSTRY

LOADSCP

6P5,NS,B4,RSTRX

LDADSCP

§P5, NS, B5, RSTRY

LOADSCP

P35, NS, B&,RETRX

LoADSCP

RESXCVR

EXIT

-

s

H

-

L

-.

-.

..

ELSE, SEE IF ACTIVE
JUMP BASED ON THE ADDRESS FIELD#4
ADDR 0 - IF NOT ACTIVE, RESET RX
ACTIVE‘DEVICE, SET scp

DR 1 - IF NOT ACTIVE, RESET RX
ACTIVE DEVICE, SET scp

AIDR 2 - IF NOT ACTIVE, RESET RY
ACTIVE DEVICE,

ADDR 3 - IF NOT ACTIVE,

ACTIVE DEVICE,

ADDR 4 - IF NOT ACTIVE,

ACTIVE DEVICE,

ADDR 5 - IF NOT ACTIVE,

ACTIVE DEVICE,

ADDR 6 - IF NOT ACTIVE,

ACTIVE DEVICE,
ADDR 7 - RECEIVED EOM ...WE'RE NOT INTERESTED

T

TL/F/9635-14
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00020
00020 F908

0002E FE48
0002F BOOB

00030 FE&8
00031 BO78

00032 F105

00033 £273

00034
00034 FD&4

00035 BDOB
00036 0000

00037 CEBO
00038 0000
00039 CBOO
00034 CBOO

0003A CEBO
00038 0000
0003C 5809
0003D 4F8A
0003E BO7B
0003F F105
00040 F54A
0004t CEBO

00042 0000
00043 CBOO

Addr

00044

193
194
195
196
197
197
198
198
199
200
200
201
202
202
203
203
204
205
206
207
208
208
209
209
209
210
210
210
1M
212
U3
213
213
214
23
216
ay)
iy
218
218
219
219
219
220
221
773
223

LOAD THE SCP POINTER, 11

i
LOADSCP:

.
’
.
’

YR ACC,ACC
MOVE  ACC,ILD

LDl BASESCP,ACC
MIVE  ACC,ZHI

LI EON,ACC
AND  TSR,ACC

ADD IH1, IHI

DECODE THE COMMAND FRAME

}
DECODE:

MOVE  RTR,EP7

3 CLEAR

3 LOW BYTE

; SET UP UPPER BYTE OF SCP POINTER

EON HASK
LEAVE IN ACC

ADD INTO Z POINTER

GET RX DATA

INPB 6P7,5,B0,MULTIFRH; IF MULTIFRANE

LCALL  INMEDECODE

np EXIT

NULTIFRM:

LCALL  PARSE

ORT  HEBO,6PS
ANDI  EOM,GPS
LDl EOM,ACC
AND  TSR,ACE
OR  6P4,BPS

LCALL  QUEUE

NP EXIT

N
?

ELSE, INMEDIATE ACTION REQUIRED

3 SET NULTI COUNT

SELECTED = TRUE

CLEAR SELECTED ADDRESS
MASK ADDRESS

LEAVE IN ACC

; SET NEW ADDRESS

; PLACE ON QUELE

THIS CODE 1S BRANCHED TO IF THE DEVICE IS SELECTED
FIRST, SET SCP BASED ON SELECTED ADDRESS

Line RXINT

224
225
226

)
DEVSELECT:

10R ACC,ACC

CLEAR ACC
TL/F/9635-15
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00044 F908 226

AN-516

227 MOVE  ACC,ILO 3 CLEAR LOW BYTE OF POINTER
00045 FE4E 227
00046 BOOB 228 LbI EBASESCP,ACC 3 BASE OF SESSION CONTROL PAGE
2 MOVE  ACC,ZHI ; UPPER BYTE.
00047 FEG8 229
00048 B0O78 230 LDI EON, ACC ; MASK ADDRESS
231 AND 6Pé,ACC ; LEAVE IN ACC
00047 F10A 231 : R ‘ .
32 ADD  2HI,IHI ; FORM SCP PCINTER £
0004A E273 232
2 ; ) L ‘
234 ; NOW DECIDE ABOUT MULTIFRAME POSSIBILITIES -
25
236 MOVE  RTR,GP7 3 GET DATA
0004 FD64 236
0004C BCOB 237 LD1 MULTI,ACC i MULTI MASK
2 AND 6P&,ACC 3 COUNT IN UPPER NIBBLE
0004D F10A 238
239 SRL ALC,ROTS ; POSITION IN LONER NIBBLE
000AE CBCE 239 S
0004F 280G 240 JMPF  §,2,NENCONM  ; NOT in A MULTIBYTE
241 LCALL  QUELE ; NULTI, SO PUSH ON GUELE

00050 CEBY 241 A
00051 0000 241 o

00052 2018 242 SUBI  HEOL,ACC s DECREMENT MULTICOUNT . . & ‘ B
00053 DBOO 243 JMPF §,2,TERMULTI  ; IF 2ERD, MULTI HAS TERMINATED
148
245 3 MULTI STILL IN PROGRESS
Y7 :
00054 43FA 247 ANDI  MULTI#,BPé s+ CLEAR OUT OLD COUNT
248 SLA ACC,ROTS + REPOSITION COUNT
00055 C948 248
249 OR 6Ph, 6P + SUM INTO STATUS
00056 FS4R 249 R o .
00057 CBOO 250 Jup EXIT : .
251
252 ; MULTICOUNT HAS REACHED IERD, 50 TERNINATE
283 ‘
00058 254 TERMULTI:
00058 43FA 255 ANDI  MULTI+,6Pb ; CLEAR OLD  COUNT TO ZERD
256 IMPE  GP&,NS,BI,CITERM; IF NOT EOM,

00059 BCeA 256 . o
0005A 0000  Z5b E it

00058 47F9 257 ANDI  SELECT#,G6PS ; ELSE, SELECT = FALSE
0003C CBOO 258 np RSTRX 3 RESET THE TRANSCEIVER
0005D CBOO 259  CITERM: EA Sl
00050 CBOO 260 np EXIT

261

NEW COMMAND; MULTI OR SINGLE

[
o~
<

SE we s s

0005E 264 NENCOMM:

o TL/F/9635-16
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Addr

0005E BCOB
000SF 0000

00060 CERY
00041 5000

00042 CEBO
000463 0000
00054 CBOO

00065

00065 CEBO
00046 0000

00067 BCoA
00068 0000
00089 47F9
00050 47F9

00064 CEBO
00048 0000
0004C 0000
0004C AFBO

00040
0006D 5404

0004E FDo4
0006F 4BFb

00070 8028
00071 0000

00072 8DéB
00073 0000

Line RXINT

265 INPB ©6P7,NS,BO,3INGLE; IF NEN COMMAND IS NOT MULTI,
265

265

266 LCALL  PARSE 3 1S NULTI, SET COUNT

264

266

27 LCALL  QUEUE ; PUSH ON QUEUE

247

267

268 JNP EXIT 3 BUIT, TIL NEXT FRAME

29
20
m
272 SINGLE:

73 LCALL  IMMEDECGDE s SINGLE...B0 DO IT

13

7

274 JHPB  B6P&,NS,B3,EXIT ; IF NOT EOM...

274

274

275 ANDI  SELECT#,6P5 5 CLEAR SELECTED BIT
276 RSTRI:

m LCALL  RESXCVR 3 RESET, CLEAR DATA OUT
217

m

278 EXIT:

279 RET RI,RF 3 RETURN GRACEFULLY

280

NEN COMMAND 15 SINGLE AND/OR NEEDS IMMEDIATE RESPONSE

281
282
283
268
285
286
287

name: RXERROR
descriptiont  receiver ERROR handler

entry: DA + ERR interrupt, 6PS", BP6’
exite ACC*,6P7' ARE DESTROYED
history: tjg 9/16/87 create

288
289
290
1
292 RXERROR:

293 ORI  SELERR,TCR 3 SET ECR BIT
29 MIVE  RTR,EP7 ; GET ERROR TYPE
294

295 ANDL  SELERR®,TCR  ; RESET TCR

29 JNPB  GP7,5,B!,LMBTERR; LOSS OF MIDRIT
29

29

297 INPB 6P7,5,B3,PARERR ; PARTTY

297

297

298 INPB  BP7,5,B4,0VFERR ; OVERFLON

RECEIVER ERROR HANDLER

SO we we e ws We wa W e we e we
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00074 808
00075 0000
00076 0000
00076 B0OB

Addr

00077 CBOO
00078 CBoC
00078 DECO

00079 BDES
00074 0000
00078 CCOO

0007C 8CAL
00070 0000
0007E 0000
0007E B0OB
0007F CBOO

00080 CBOO.

00080 008
00081 €800
00082 CBOO
00082 B00B
00083 BO0E

00083 E212
00084 BO18

00083 COCA

00086 A04A
00087 D100

00083 £OCA

00089 AOCA
00084 5020
00088 5020
0008B AFB0
0008C AFBO
0008C 4FDO
0008D CBOO

298
298
m
300

Line

301
302
303
304
304
304
305
306
306
306
307
308
309
310
3t
32
i3
314
315
316
316
7
18
118
319
319
320
k13
32
322
322
323
4
325
32
327
328
329
330
33
332
333
33
335
33
337

TLLEGAL:
LDI ILLEGAL,ACC 3 WHAT ERROR IS THIS?
RYINT
P BUNPERR 3 SHOULD NOT GET HERE!
LMBTERR:
JWPF 5,DA,CLEARC s if DA, THEN NO ERROR
PR BP5,5,B7,L06IT ; IF SELECTED, POST
CALL  sDLY '3 DELAY FOR & USEC
INPB  NCF,NS,BS5,CLEARC; IF NOT ACTIVE - DISCARD, ELSE FOST
LOBIT:
L01 MIDERRL,ACC 3 LOSS OF MIDBIT
NP BUNPERR 3 INCREMENT COUNTER
PARERR:
LDI PARERRL ,ACC ; PARITY
hiig BUNPERR :
OVFERR:
LD1 OVFERRL,ACC + DVERFLON...VERY BAD!
BUMPERR:
ADD 1L0,YL0 7 FORM NEW POINTER
(A} H01,ACC 3 INCREMENT
LD PTRY,6P& s FETCH DLD COUNT
ADDRI  GP6,PTRY,POSTD ; WRITE OUT NEW
IMPF  NS,C,RYEXIT ; BET OUT
Lo PTRY,BP4 - 4 FETCH UPPER BYTE
ADDRI  BP&,PTRY 3
OR1 CFLAG,CCR 5 SET CARRY
RXEKIT:
RET ; DO NOT restore flags
CLEARC:
ANDI  CFLAG#,CCR + CLEAR CARRY
NP RXEXIT i
H
H nane: SOLY
H descriptiont  delay routine, MULTIPLES OF 4.Busec,
H 1.4 usec OVERHEAD, MAX OF 410usec
H entry: delay count on stack
H exite acc destroyed
H WARNING: DONT CALL THIS WITH CDLNT =0
5 histary: tig 9/14/87 create
i

TL/F/9635-18
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0008E
0008E AEBY
0008F FDIF
00090 FFEB
Addr
00091 FFEA
00092 FD48
00093 FD48
00093 BO3A
00094 BO3A
00094 201A
00093 D000
00096 201B
00097 D000
00098 FDSF

00099 FO7F
00094 AFBO

338
33
340
340
KL
4
342
342
343
Line

343
344
K2}
345
34
kLY
348
39
350
351
352
352
353
383
354
335
358
35

SDLY:
EXX

HOVE
HOVE
HOVE
RXINT
HOVE
SDLYLP1:
L0I
SDLYLP2:
SUBI
INPF
SUBI
JNPF
MOVE
HOVE

RET

END

fsseshly Phase coaplete.
0 error{s) detected.

HA KB, NAT
DS,ACC
6P7,05

G6P6,08

ACC,6P7

HE03,6P8

HR01,6P
NS,2,SDLYLP2
HR01,EP7
NS,2,SBLYLP
0S,6Pb

05,6P7

RIRF

b}

-, we et e s

BANK, ALLOW INTERRUPTS

BET COUNT

; PUSH BP7 REGISTERS USED

USE 6P7 FOR COUNT ALSO

LOAD FOR 4.8usec COUNTS

DECREMENT COUNT

CONTINUE UNTIL EXHAUSTED
DECREMENT OUTER COUNT
CORTINUE IF NOT ZERQ

POP RES

RETURN, RESTORE FLAGS

TL/F/9635-19
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The DP8344 BCP® |Inverse
Assembler

OVERVIEW

The DP8344 BCP Inverse Assembler is a software package
for use in a Hewlett Packard Logic Analyzer. It was devel-
oped by National Semiconductor’s Arlington Design Center
to allow disassembly of the DP8344 op-code mnemonics.

When developing systems using a RISC processor such as
the DP8344, the need often arises to know the sequence of
events that occurred in real time in the system. The actual
execution flow that occurred in the system can be deter-
mined by monitoring the states on the Instruction memory
Address bus and the Instruction memory bus of the DP8344
with a Hewlett Packard Logic Analyzer. The DP8344 BCP
Inverse Assembler enhances this development tool by dis-
playing the BCP instruction op-code mnemonics on the log-
ic analyzer’s screen. This Application Note lists the equip-
ment needed as well as the necessary information to set up,
use, and obtain the DP8344 BCP Inverse Assembler. Addi-
tionally, the source code flow chart for the DP8344 BCP
Inverse Assembler is provided in Appendix A of this Applica-
tion Note.

EQUIPMENT REQUIRED

The following equipment is required to use the DP8344 BCP
Inverse Assembler:

1. DP8344 BCP Inverse Assembler; Available from National
Semiconductor.

2. HP1650A or HP1651A Logic Analyzer, or HP16500A Log-
ic Analysis System with an HP16510A State/Timing Card
installed.

3. DP8344 Biphase Communications Processor in a Sys-
tem.

It is assumed that the reader is familiar with the operation of
the HP Logic Analyzer. For further information refer to the
Operation Reference Manual provided with the HP1650A or
1651A Logic Analyzers, or with the HP16510A Logic Analyz-
er Module. Information pertaining to the operation of the
logic analyzer in a state mode will be useful.

SYSTEM SETUP

A block diagram of the setup of the system for using the
DP8344 BCP Inverse Assembler is shown in Figure 1. The
target system refers to a system containing a BCP which is
running. The DP8344 BCP Inverse Assembler is software
which has been loaded into the HP Logic Analyzer. The
target system is interfaced to the DP8344 BCP Inverse As-
sembler through the HP Logic Analyzer's channels.

An example of a target system is a Multi-Protocol Adapter
(MPATM) installed in a personal computer. The MPA

Target

National Semiconductor
Application Note 688
Laura Johnson

Design/Evaluation Kit includes both the hardware and soft-
ware that allows the MPA to emulate a 3270 or 5250 display
terminal and to support industry standard PC emulation soft-
ware. The MPA Design/evaluation Kit is available from Na-
tional Semiconductor (Part No. D88344MPA-EB). All the ex-
amples in this document were generated using an MPA
board and it's associated software for the target system.
Additional equipment which one may find useful includes an
extender card and an 84-pin PLCC Adapter. The extender
card brings a PC board out of the PC chasis, allowing easier
access to the BCP. An 84-pin PLCC Adapter allows one to
directly connect the channels of the logic analyzer to the
pins on the BCP. Emulation Technology, Inc., makes an
84-pin PLCC Adapter which it cails a BUG KATCHER. (It is
Part No. BC-4-084-PCC5-00000).

The sample target system described above includes the fol-
lowing equipment:

1. IBM® Personal Computer or compatible

2. MPA Development Kit

3. Extender Card (optional)

4, 84-Pin PLCC Adapter

The DP8344 BCP Inverse Assembler requires information
from both the Instruction memory Address bus and the In-
struction memory data bus of the BCP in the target system.
Thus, these pins must be connected to the logic analyzer.
The 84-pin PLCC Adapter allows one to directly connect the
logic analyzer channels to the BCP. Figure 2 provides a
detailed view of the pin connections from the DP8344 to the
logic analyzer. The pins can be connected to any of the
pods as long as the channel and label definitions are de-
fined accordingly in the FORMAT Menu as described later
in this Application Note.

STARTING THE DP8344 BCP INVERSE ASSEMBLER

Once the system hardware has been set up, the DP8344
BCP Inverse Assembler software needs to be installed in
the HP Logic Analyzer. The 3, inch diskette provided in the
DP8344 BCP Inverse Assembler Package contains the soft-
ware for the HP Logic Analyzer. Load the DP8344 BCP In-
verse Assembler Software into the HP Logic Analyzer by
selecting either LOAD ALL from file BCP, or LOAD State/
Timing E, from File BCP.E as in Figure 3. This automatically
loads the DP8344 BCP Inverse Assembler as well as the
stored State/Timing configuration into the HP Logic Analyz-
er.

/HP Logic

System

Channels from the HP Logle
Analyzer to the BCP

Analyzer

TL/F/10814-1

FIGURE 1. Block Diagram of the System Set Up
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CONFIGURING THE HP LOGIC ANALYZER

The DP8344 Inverse Assembler software contains a State/
Timing configuration which one may use without any chang-
es. The designer can change this default configuration, or
define an entirely new configuration to meet their own sys-
tems needs. However, certain parameters must exist in the
configuration for the DP8344 Inverse Assembler to work.
These parameters will be described using the default con-
figuration as an example. i

Internal communication variables are set as the logic ana-
lyzer collects data from the target system. Therefore, the

logic analyzer's configuration must follow the setup de-
scribed here. Figures 4-6 show the configuration provided
on the DP8344 BCP Inverse Assembler diskette. One may
create their own configuration by adding more labels and
connecting more channels to the target system than shown
in the examples in this document. This will allow one to
monitor the system activity according to their needs. How-
ever, the logic analyzers system configuration must include
the following:

In the Configuration Menu, as in Figure 4, one must:
1. Define the Analyzer Type to be a State Analyzer.
2. Assign at least two pods to the State Analyzer.

Label DATA: - Label DATA: . .
Channels 0-7 Channels 8-15 Label DATA:
X Channel 0
R N N
HE RN AANEHE BB EEEHEE ,
A3 / 1110 9 8 7 6 5 4 3 2 1 848382 81 80 79 78 77 76 75 at
—1" ' 1] 74—
— 1" 73 A2
e 1 72|23
1A4 Label ADDR:
A9 15 n A5 Channels 1-7
m 70
—1" Py Ll
Al
—_—18 68 A7 7
ws | ; 67 SN0
ADS ‘ \/
—E DP8344A P A
1AB
Vee BCP 1A9
P 22 ) 64
el S ———{ 3 84-pin PLCC . .- AP A
Channel 0 AD3 PRI . <o 4 IANL
2 - (top view) - R Label ADDR:
AD2 ) ' 1A12 Channels 8-15
— 25 61
— 1% o |A2 -
— 5o 1A14
22 55 |A1S
GND
29 57 =
WRITE
—1 30 56 8
LcL . ET.
X-TCLK . . 58 =
32 ) BT WAIT
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52°53
zlal=l=l =li=l =zl el zl zlelhixlelizlieliz]ia]l x| <l
o R HEIE EEA R EHE A EEEEEE
== =25 |=]= ] [
a g g a o+ e |la 5

Connect to clock channel

of any Pod and define

this as the clock in the
Format Menu

TL/F/10814-2

FIGURE 2. Pins Connected to Logic Analyzer Pods
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( System j ( Front Disc ]
C=0 C 2 we=
TL/F/10814-3
Filename Flle Type File Description
BCP inverse__assem DP8344 BCP INVERSE ASSEMBLER
BCP_D 16530A_config DP8344 BCP INVERSE ASSEMBLER
BCP__E 16510A__config DP8344 BCP INVERSE ASSEMBLER
BCP_. 16500A__config DP8344 BCP INVERSE ASSEMBLER
(a)
( System ) ( Front Disc ]
( lad ) [ State/TmingE ) tromfie BCP_E
TL/F/10814-4
Fllename File Type File Description
BCP inverse__assem DP8344 BCP INVERSE ASSEMBLER
BCP_D 16530A__config DP8344 BCP INVERSE ASSEMBLER
BCP_E 16510A_config DP8344 BCP INVERSE ASSEMBLER
BCP_ 16500A__config DP8344 BCP INVERSE ASSEMBLER

(b)

FIGURE 3. Two Methods to Load DP8344 BCP Inverse
Assembler Software from the Front Disk Menu

( State/Timing E j ( Configuration )

Analyzer 1

Name: MACHINE 1

[ Cancel ) ( Run )

Analyzer 2

Unassigned Pods
( Pod 1 AN Pod 5 Y [ Pod 4 )
| o) L J U )
( Pod 2 )
| )
( Pod 3 )
 — )

TL/F/10814-5
FIGURE 4. Configuration Menu on Logic Analyzer
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In the Format Menu, see Figure 5, define the labels and
assign the channels in the following manner:

1. Create labels ADDR, DATA, and STAT.
2. Assign the channels connected to the labels as follows:

i. Label ADDR refers the channels connected to the In-
struction memory Address Bus on the DP8344. From
Figure 2, these are pins 75 through 68, and pins 65
through 58. To use the default configuration the pins
from the Instruction memory Address bus must be
connected to channel 0 through 15 of Pod E1.

i. The DATA label refers to the channels connected to
the Instruction memory data bus on the DP8344. From
Figure 2, these are pins 9-2, and pins 83-76. To use
the default configuration the pins from the Instruction
memory Data bus must be connected to channels 0
through 15 of Pod E2.

ili. For the label STAT it is not necessary to actually con-
nect any of the defined channels to the BCP. However,
it is recommended that one does connect all defined
channels to a pin such as ground. This is because the
BCP does not use a STATUS bus. The STAT label
must be defined in the Format Menu. In the example
shown in Figure 5, the channel assigned to the STAT
label corresponds to a ground pin on the BCP connect-
ed to channel 0 of Pod E3.

3. Define the Clock to be the channel which corresponds to
the connection from the pod clock connection to pin 51,
ICLK, on the DP8344. In the example shown in Figure 5,
the J clock means that ICLK is connected to the clock
channel of pod E1. Set the clock to trigger on the rising
edge of ICLK.

889-NV

Format 1 )

( Cancel ) [ Run )

Clook Pariod Tiock
( > 60 ns )( 0 ) Symbols

| G | G
)

Clock )

CooeD)| b T5TH T e e T TR

( State/Timing E ](

ADDR “ ...................... Ry
DATA || + ] « « ¢« oo v o v o LI L B A I N B AR L N ]
STAT - .......... N e
DATA - ----------- sessressree || .

TL/F/10814-6
FIGURE 5. Format Menu on Logic Analyzer

( state/TmingE ) ( Trace1 )
Sequence Levels
While storing "anystate”
TRIGGER on "a" 1 times

Off

Store "anystate”

Label >

(aoor ) (oata  J(star ) (oama )
Base> Hex )( Invasm )( Hex )( Hex )
8 (0000 ) ( J(xxxx )
b ( ) (Cxxxx )
(
(

—

N News)
J GO

FIGURE 6. Trace Menu on Logic Analyzer

TL/F/10814-7
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The trigger may be defined in. the Trace Menu according to Third, verify that the three labels: ADDR, DATA and STAT
the.information desired. For example, in Figure 6, the trace exist in the Format Menu. Fourth, in the State Listing Dis-
is set to trigger- when the BCP executes the program, i.e., play, shown in Figure 7, select the base field below the label
the Instruction:memory Address bus is 0 hex. - DATA. This will generate seven pop-outs. Select the “In-
Once the system configuration has been developed, it must vasm” pop-out to allow the mnemonics to be displayed. Fi-
be linked with-the inverse assemibler software. First; load nally, store the new configuration to the DP8344 BCP In-
theé DP8344 BCP Inverse Assémbler Software by either verse Assembler using one of the two methods shown in
method shown in Figure 3: Second create a configuration Figure 8. Whenever this configuration file‘is loaded, the in-
by either: verse assembler will automatically load. Note that storing

the configuration to the Inverse Assembler will write over
any previously stored configurations. Therefore, it is recom-
mended that one back up all of the stored configurations by
copying them to a backup diskette.

The system is now set to capture the BCP ‘op-codes from
your system and display them as mnemonics.

i. modifying the conflguratlon file'which was loaded into the
+HP Logic Analyzer with the DP8344 BCP lnverse Assem-
bler, or: :

|| by Ioadlng another State/Tlmlng Configuration ‘Which has
* been stored on diskette:

[ state/miminge ) [ wusting1 ) (cancet ) ( Run )
=)
off

Label > -~ ADDR__||_DATA || DP8344 BCP MNEMONIC
Base> - Hex - ]| Hex 11 : Hex -

' FIGURE 7. State Listing Display

The Data Label with base Hex wﬂl dlsplay the op-codes in Hex Format. The DP8344 BCP MNEMONIC Label is generated by selecting the base type for the Label
DATA to be “Invasm”.

| Time
| Relative

TL/F/10814-8

[ .System ) ( Fro;'lt Disc ) B | .
C s ) C Al ) to fie BeP

file description: DP8344 BCP INVERSE ASSEMBLER ) ( Execute )
TL/F/10814-9

Filename File Type File Description

BCP inverse_assem DP8344 BCP INVERSE ASSEMBLER
BCP_D © 16530A__contig DP8344 BCP INVERSE ASSEMBLER
BCP_E 16510A_config DP8344 BCP INVERSE ASSEMBLER
BCP_ 16500A__config DP8344 BCP INVERSE ASSEMBLER

(a)

( Syslem ) ( Front Disc- ) : o )
( store ) ( stete/mmingE ) to fil

e ‘ﬁle descriptlon: [ DP8344 BCP INVERSE ASSEMBLER ) [ Execute ]
) . : TL/F/10814-10
.. Filéname File Type File Description
BCP " inverse__assem o DP8344 BCP INVERSE ASSEMBLER
BCP_D 16530A__config DP8344 BCP INVERSE ASSEMBLER
BCP_E 16510A__config 'DP8344 BCP INVERSE ASSEMBLER
BCP_ -.~16500A_config DP8344 BCP INVERSE ASSEMBLER
: T (b) '

FIGURE 8. Two Methods to Store Configurations to the
DP8344 BCP Inverse Assembler Software
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DP8344 BCP INVERSE ASSEMBLER OPERATION

An inverse assembler converts instructions captured by the
logic analyzer in binary form into mnemonics. Thus it makes
it much easier to follow the program’'s execution flow. Fur-
thermore, one can still use the logic analyzer to view other
useful information by specifying the trace conditions, labels
and channel connections in the logic analyzer's configura-
tion file.

One needs to be aware of how the captured information is
actually diassembled. The inverse assembler begins disas-
sembling at the event which was triggered upon. Hence, any
information captured prior to the trigger may not be correctly
disassembled. To ensure valid disassembly of states cap-
tured prior to the trigger, one must scroll the display so the
first instruction one wants disassembled is the first line on

( state/Timing E ) ( Tracet )

the display. Then select the ““Invasm’ pop-up on the top line
of the State Listing Display. This causes the inverse assem-
bler to disassemble the code from the first line on the dis-
play. For an example, refer to Figures 9 through 72. The
inverse assembler was set to trigger when the Instruction
Address Bus was 80 hex, as in Figures 9 and 710. The two
byte instructions captured prior to the trigger were not cor-
rectly disassembled. Referring to Figure 11, one observes
that line —10 is disassembled as an ADD Instruction rather
than as the second byte of the LUMP instruction from line
—11. To correct this, one must select “Invasm” from the
top line of the State Listing Menu. The inverse assembler
immediately disassembles the code from the first line on the
screen. The correctly disassembled code is shown in Figure
12.

Sequence Levels
While storing "anystate"

TRIGGER on "a" 1 times

Store "anystate”

Count
TJime

Prestore

X =

) (oata

Label> ((ADoR

) (smar

) (oaa )

) ( Invasm ) [

Base > [ Hex

Hex J( Hex )

a

(

x ) xxxx

b (

x ) ( xxxx

x ) ( xxxx

(o080 )
: (
( xxxx ) (

—/ S\

x ) ([ xxxx

TL/F/10814-11

FIGURE 9. Triggering Event

( State/Timing E ) ( Listing 1 ) (Invasm ) (Cancal ) ( Run )
Markers
off
Label > ADDR || DATA | DP8344 BCP MNEMONIC Time
Base > Hex Hox | Hex Relative

TL/F/10814-12

889-NV

-7 005C DDO1 JMP RE, S, 005EH 120 ns
-6 005D Dso1 JMP RE, NS, 005FH 80 ns
-5 005F CF40 ILLEGAL OPCODE 160 ns
—4 0060 CF00 ILLEGAL OPCODE 120 ns
-3 0061 4FE2 AND FEH, ICR/ATR 120 ns
-2 0062 Cs508 ILLEGAL OPCODE 80ns
-1 0063 CCiC CALL 0080H 120 ns
E 0080 AE80 EXX MA, MB, NCHG 160 ns
1 0081 C343 MOVE ACR/FBR, [IV+] 80ns
2 0082 AEQ0 EXX AA, MB, NCHG 160 ns
3 0083 AECS8 EXXMA, AB, E! 120 ns
4 0084 C343 MOVE ACR/FBR, [IV+] 120 ns
5 0085 AEEQ EXX MA, BM, DI 160 ns
6 0104 AFFO RET DI, RFB 80ns
7 0085 AEEO EXX MA, MB, DI 120 ns
8 0086 C343 MOVE ACR/FBR, [IV+] 120 ns

FIGURE 10. Triggered Event as Shown in the State Listing
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( state/Timing E

) (

Listing 1

) (invasm )

Markers
off

(cancet ) ( Run )

DP8344 BCP MNEMONIC

( Labe! j ‘ ‘ Time
Base > Hex Relative

~19 0050 0051 ADD 05H, NCF/IBR 120ns

—18 0051 4009 AND COH, GP5/GP5' 80ns

~17 0052 340 MOVE CCR/DCR, [IY +] 120ns

—16 0053 CD89 JMP GP5/GPS5’ 160ns

-15 0054 B0OD MOVE 00H, IWHI 200 ns

—14 0055 BS7C MOVE 57H, IWLO 120ns

~13 0056 D00 LIMP [IW] 120 ns
0057 8009 JRMK GPS5/GP5', OH, OH 80ns

1 008 8009 LIMP GP5/GPS', OH, S, 0058H 200ns

-10 0059 0058 ADD 05H, GP4/GP4’ 120ns

-9 005A 8C09 LIMP GP5/GPS', OH, NS, 005CH 120ns

-8 0058 005C ADD 05H, IWLO 80ns

-7 005C DDO1 JMP RE, S, 005EH 120ns

-6 005D D501 JMP RE, NS, 005FH 120ns

-5 005F CF40 ILLEGAL OPCODE 160 ns

-4 0060 CFo0 ILLEGAL OPCODE 80ns

FIGURE 11. Incorrectly Disassembled Instructions Prior to Triggered Event

(Cancel) ( Run )

( state/imingE ) { Listing1 ) (M.)
Mark
off
Label> ADDR DATA | DP8344 BCP MNEMONIC Time
Base> J [ Hex Hex | Hex Relative

-19 0050 0051 ADD 05H, NCF/IBR 120 ns

—-18 0051 4009 AND 00H, GP5/GP5’ 80ns

-17 0052 C340 MOVE CCR/DCR, [IY +] 120 ns

—16 0053 CD89 JMP GP5/GP5' 160 ns

-15 0054 BooD MOVE 00H, IWH! 200 ns

—14 0055 B57C MOVE 57H, IWLO 120 ns

-13 0056 €Doo LJMP [IW] 120 ns
0057 8009 JRMK GP5/GP5’, OH, OH 80ns
0058 8D09 LJMP GP5/GP5’, OH, S, 0058H 200 ns
0059 0058 120 ns
005A 8C09 LIJMP GP5/GP5’, OH, NS, 005CH 120 ns
0058 005C 80ns
005C DDO1 JMP RE, S, 005EH 120 ns
005D D501 JMP RE, NS, 005FH 120 ns
005F CF40 ILLEGAL OPCODE 160 ns
0060 CF00 ILLEGAL OPCODE 80ns

TL/F/10814-13

TL/F/10814-14

FIGURE 12. Instructions Prior to Triggered Event, Correctly Disassembled after Choosing the “Invasm” Pop-Out
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This same technique must be applied it one jumps ahead in
the display and then scrolls backwards to view a certain
state; in other words, you do not scroll forward through ev-
ery line to reach the desired state. For example, if one man-
ually selected the line number —12 in Figure 12 and
entered line 226, the screen would display lines 219 through
234. Now if one rolls the screen backwards to display lines
199 through 214 as in Figure 13, the two byte instruction,
LJMP, is once again not correctly disassembled. Therefore,
select the “Invasm"” pop-out and the display is correctly dis-
assembled as shown in Figure 14.

One of the features of the BCP is that it uses register banks.
However, there is no external indication of the bank'’s state.
The name of a register therefore depends upon which bank
one is in, as in Figure 15. Due to the manner in which the
inverse assembler disassembles the captured data, keeping
track of the correct register name meant that one would
constantly have to scroll the screen back to the last EXX
statement and hit the “Invasm’ pop-out to ensure that the
displayed register names are correct. Hence, to avoid this
inconvenience, the register names for both banks are dis-
played ‘at all times. Refer to line 45 of Figure 16 for an
example. The op-code decodes to MOVE where the source
register is RO. Therefore, the register names for RO in both
banks: Main Bank A — CCR, and Alternate Bank A — DCR,
are displayed.

To view the op-code in both mnemonic form and hex form,
as in Figure 16, define the DATA label twice in the Format
Menu, as in Figure 4. Then, select the base label to be
“Hex” for one and “Invasm’ for the other in the State List-
ing.

OBTAINING THE DP8344 BCP INVERSE ASSEMBLER
The DP8344 BCP Inverse Assembler package for use in a

- Hewlett Packard Logic Analyzer can be obtained from Na-

tional Semiconductor. Included in the Inverse Assembler
Package is the DP8344 BCP Inverse Assembler software,
including configuration files as described in this application
note. These will be on a 314" diskette formatted for use in
the HP Logic Analyzer. Additionally, a 5%," diskette format-
ted for use on an IBM personal computer or compatible,
containing the DP8344 Inverse Assembler source code can
be obtained upon a request from National Semiconductor.

If one owns the HP 10391A Inverse Assembler Develop-
ment Package, the source code can be modified to make
any improvements one wishes to make to the DP8344 BCP
Inverse Assembler. Note that it is not necessary to have the
HP 10391A Inverse Assembler Development Package to
use the DP8344 BCP Inverse Assembler..

(_ state/Timing £ ) ( Listing1 ' ' Invasm ) (cancet ) ( Rin )
Markers
off
Label > ADDR DATA DP8344 BCP MNEMONIC | Time
Base > Hex Hex Hex [ Relative
TL/F/10814-15
199 006A FDO8 MOVE GP4/GP4’, GP4/GP4’ 120 ns
200 0068 CE00 LJMP 006AH 80ns
201 006C 006A ADD 06H, GP6/GP8’ 120ns
202 006A FDo8 MOVE GP4/GP4’, GP4/GP4’ 120ns
203 0068 CE00 LJMP 006AH 80ns
204 006C 006A ADD 06H, GP6/GP6’ 120ns
205 006A FDo8 MOVE GP4/GP4’, GP4/GP4’ 80ns
206 006B CEO00 LJMP 006AH 120 ns
207 006C 006A ADD 06H, GP6/GP8' 120 ns
208 006A FDO8 MOVE GP4/GP4’, GP4/GP4’ 80ns
209 0068 CEOO LJMP 006AH 120 ns
210 006C 006A ADD 06H, GP6/GP6' 120 ns
211 006A FDO8 MOVE GP4/GP4’, GP4/GP4’ 80ns
212 0068 CEO00 LJMP 006AH 120ns
213 006C 006A ADD 06H, GP6/GP6’ 120ns
214 006A FDO8 MOVE GP4/GP4’, GP4/GP4’ 80ns

FIGURE 13. Incorrectly Disassembled Instructions Produced
by Jumping Ahead in Display
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Alternate Main
( state/Timinge ) ( Listingt ) ( invasm ) (cancel ) ( Run ) [ocr o 1 RO
IBR
Markers A:l—— INCF R1
off 1ATR [1cR R2
[FBRTacR R3
Label> ) |__ADDR DATA | DP8344 BCP MNEMONIC Time ATR ]
e ALLAN FeT-h} R4
Base > Hex Hex Hex Relative TSR
Al fel ] RS
199 008A FDO8 MOVE GP4/GP4', GP4/GP4’ 120 ns [TCR [Gp2 Ré
200 0068 CE00 LJMP 006AH 80ns 5\ ™R [Gra R7
201 006C 006A 120ns Tapa']
202 006A FDo08 MOVE GP4/GP4’, GP4/GP4’ 120 ns | = GP4 (accumulator) | R8
203 0068 CE00 LJMP 006AH 80ns GPS'f=ps5 Ro
204 006C 006A 120ns GP6’
205 006A FD08 MOVE GP4/GP4', GP4/GP4' 80ns ——{GP6 R10
GP7'IGp7 R11
0068 CE00 LIMP 006AH 120ns =
207 006C 006A 120 ns -
208 006A FD08 MOVE GP4/GP4’, GP4/GP4’ 80ns W (low byte) R12
209 0068 CE00 LJMP 006AH 120 ns W (high byte) R13
210 006C 006A 120 ns
211 006A FDO08 MOVE GP4/GP4’, GP4/GP4’ 80ns X (low byte) R14
212 0068 CE00 LJMP 006AH 120ns "
A high by R15
213 006C 006A 120 ns Index Registers L {gh byte)
214 006A FD08 MOVE GP4/GP4', GP4/GP4’ 80ns (pointers) Y (low byte) R16
FIGURE 14. Instructions from Figure 13 Correctly Disassembled Y (high byte) R17
after Choosing the “Invasm” Pop-Out
Z (low byte) R18
Z (high byte) R19
GP8 R20
GP9 R21
GP10 R22
GP11 R23
GP12 R24
GP13 R25
GP14 R26
GP15 R27
Timer TRL R28
TRH R29
Stacks ISP R30
DS R31
FIGURE 15. Register Map
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Markers ’ . . I
off . . &

889-NV

( state/iminge ) [ Listingt ) (Invasm ) ‘ Cancel ' Run

ubelﬂ ADDR DATA || DP8344 BCP MNEMONIC | Time
Base > Hex Hex [ Hex Relative
TL/F/10814-17

45 002B C340 MOVE CCR/DCR, [IY+] 160 ns’

46 002C E968 ' ' SUBA GP4/GP4’, GP7/GP7’ 160 ns.

47 002D C340 MOVE CCR/DCR, [IY +] 120 ns

48 002E A52B SUBA GP7/GP7', [IX+] 160 ns

49 002F C340 MOVE CCR/DCR, [1X+] 160 ns

50 0030 207B SUB 07H, GP7/GPT’ 160 ns

51 0031 C340 MOVE CCR/DCR [IY+] 80ns
[s2 ] ooa2 ED6B SBCA GP7/GPT", GPT/GPT" 160 ns'

53 0033 C340 MOVE CCR/DCR [IY +] 120ns

54 0034 A72B SBCA GP7/GP7’ [IX+] 160 ns

55 0035 €340 MOVE CCR/DCR [IY +] 160 ns.

56 0036 A92B ANDA GP7/GP7', [IX+] 160ns.

57 0037 €340 MOVE CCR/DCR, [IY +] ) ) 160 ns

58 0038 F573 ORA IZHI, GP7/GPT7’ . i . 160ns,

59 0039 C340 MOVE CCR/DCR, [IY+] . 80ns

60 003A AB2B ORA GP7/GP7", [IX+] 160 ns

FIGURE 16. Listing of Inverse Assémbler on Logic Analyzer
Demonstrating the Display of Both Register Bank Names
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AN-688

APPENDIX A

Flow Chart of DP8344 Inverse Assembler Source Code

Enter

®

v

Disassembler

Get Instruction
Address to
Disassembler

Did
Communication’
Variables
Initialize?

Yes,
State Is

Do not
i output a
mnsmonic

opc
has it been tagged
as the second
- byte of

lilegal Op=code

Output
“llegal Opcode"

Instruction?,

Op=code is 2 bytes
Decode 1st byte
Output mnemonic

Tag second byte as
not an opcode
@

Op=code is 1 byte
Output mnemonic

TL/F/10814-18
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@National

Semiconductor

Bookshelf of Technical Support Information
National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical
literature.

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and
section contents for each book.

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this
bookshelf.
We are interested in your comments on our technical literature and your suggestions for improvement.
Please send them to:
Technical Communications Dept. M/S 16-300
2900 Semiconductor Drive
P.O. Box 58090
Santa Clara, CA 95052-8090

ALS/AS LOGIC DATABOOK—1990

Introduction to Advanced Bipolar Logic ® Advanced Low Power Schottky ® Advanced Schottky

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987

SSI/MS! Functions ® Peripheral Functions ® LSI/VLSI Functions ¢ Design Guidelines ® Packaging

CMOS LOGIC DATABOOK—1988

CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes ¢ MM54HC/MM74HC
MM54HCT/MM74HCT ® CD4XXX ® MM54CXXX/MM74CXXX e Surface Mount

DATA ACQUISITION LINEAR DEVICES—1989

Active Filters ® Analog Switches/Multiplexers ® Analog-to-Digital Converters ¢ Digital-to-Analog Converters
Sample and Hold ® Temperature Sensors ® Voltage Regulators ® Surface Mount

DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK—1989

Selection Guide and Cross Reference Guides ® Diodes ® Bipolar NPN Transistors
Bipolar PNP Transistors ® JFET Transistors ® Surface Mount Products ® Pro-Electron Series
Consumer Series ® Power Components ® Transistor Datasheets ® Process Characteristics

DRAM MANAGEMENT HANDBOOK—1991

Dynamic Memory Control e Error Detection and Correction ¢ Microprocessor Applications for the
DP8408A/09A/17/18/19/28/29 * Microprocessor Applications for the DP8420A/21A/22A
Microprocessor Applications for the NS32CG821

EMBEDDED SYSTEM PROCESSOR DATABOOK—1989

Embedded System Processor Overview ¢ Central Processing Units e Slave Processors ® Peripherals
Development Systems and Software Tools

FDDI DATABOOK—1991

FDDI Overview ¢ DP83200 FDDI Chip Set ® Development Support ® Application Notes and System Briefs

F100K ECL LOGIC DATABOOK & DESIGN GUIDE—1990

Family Overview ® 300 Series (Low-Power) Datasheets ® 100 Series Datasheets ® 11C Datasheets

ECL BiCMOS SRAM, ECL PAL, and ECL ASIC Datasheets ® Design Guide ® Circuit Basics ® Logic Design
Transmission Line Concepts ® System Considerations ® Power Distribution and Thermal Considerations
Testing Techniques ® Quality Assurance and Reliability ® Application Notes




FACT™ ADVANCED CMOS LOGIC DATABOOK—1990

Description and Family Characteristics ® Ratings, Specifications and Waveforms
Design Considerations ® 54AC/74ACXXX e 54ACT/74ACTXXX e Quiet Series: 54ACQ/74ACQXXX
Quiet Series: 54ACTQ/74ACTQXXX @ 54FCT/74FCTXXX ® FCTA: 54FCTXXXA/74FCTXXXA

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK—1990

Circuit Characteristics ® Ratings, Specifications and Waveforms ® Design Considerations ® 54F/74FXXX

FAST® APPLICATIONS HANDBOOK—1990

Reprint of 1987 Fairchild FAST Applications Handbook

Contains application information on the FAST family: Introduction ® Multiplexers ® Decoders ® Encoders
Operators ® FIFOs ® Counters ® TTL Small Scale Integration e Line Driving and System Design

FAST Characteristics and Testing ® Packaglng Characteristics

GENERAL PURPOSE LINEAR DEVICES DATABOOK—1989

Continuous Voltage Regulators ® Switching Voltage Regulators ® Operational Amplifiers ® Buffers ® Voltage Comparators
Instrumentation Amplifiers ® Surface Mount

GRAPHICS HANDBOOK—1989

Advanced Graphics Chipset ® DP8500 Development Tools ® Application Notes

IBM DATA COMMUNICATIONS HANDBOOK—1992

IBM Data Communications ® Application Notes . -

INTERFACE DATABOOK—1990

Transmission Line Drivers/Receivers ® Bus Transceivers ® Peripheral Power Drivers ® Display Drivers
Memory Support ® Microprocessor Support e Level Translators and Buffers ¢ Frequency Synthesis ® Hi-Rel Interface

LINEAR APPLICATIONS HANDBOOK—1991

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit
applications using both monolithic and hybrid circuits from National Semlconductor

Individual application notes are normally written to explain the operation and use of one particular device or to detail various
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index.

LOCAL AREA NETWORK DATABOOK—1992

Integrated Ethernet Network Interface Controller Products ® Ethernet Physical Layer Transceivers
Ethernet Repeater Interface Controller Products ® Hardware and Software Support Products ® FDDI Products ® Glossary

LS/S/TTL DATABOOK—1989

Contains former Fairchild Products o
Introduction to Bipolar Logic ® Low Power Schottky ® Schottky ® TTL ® TTL—Low Power

MASS STORAGE HANDBOOK—1989

Rigid Disk Pulse Detectors  Rigid Disk Data Separators/Synchronizers and ENDECs
Rigid Disk Data Controller ® SCSI Bus Interface Circuits ® Floppy Disk Controllers ¢ Disk Drive Interface Circuits
Rigid Disk Preamplifiers and Servo Control Circuits ® Rigid Disk Microcontroller Gircuits ® Disk Interface Design Guide

MEMORY DATABOOK—1990

PROMs, EPROMs, EEPROMs ® TTL I/0 SRAMs ¢ ECL 1/0 SRAMs

MICROCONTROLLER DATABOOK—1989

COP400 Family ¢ COP800 Family ® COPS Applications ® HPC Family ® HPC Applications
MICROWIRE and MICROWIRE/PLUS Peripherals ® Microcontroller Development Tools

MICROPROCESSOR DATABOOK—1989

Series 32000 Overview ® Central Processing Units ® Slave Processors ® Peripherals
Development Systems and Software Tools ¢ Application Notes ® NSC800 Family




PROGRAMMABLE LOGIC DATABOOK & DESIGN MANUAL—1990

Product Line Overview ® Datasheets e Designing with PLDs ¢ PLD Design Methodology ® PLD Design Development Tools
Fabrication of Programmable Logic ® Application Examples

REAL TIME CLOCK HANDBOOK—1991

Real Time Clocks and Timer Clock Peripherals ® Application Notes

RELIABILITY HANDBOOK—1986

Reliability and the Die ® Internal Construction e Finished Package ® MIL-STD-883 ¢ MIL-M-38510

The Specification Development Process ® Reliability and the Hybrid Device  VLSI/VHSIC Devices
Radiation Environment e Electrostatic Discharge ® Discrete Device ® Standardization

Quality Assurance and Reliability Engineering  Reliability and Documentation ¢ Commercial Grade Device
European Reliability Programs e Reliability and the Cost of Semiconductor Ownership

Reliability Testing at National Semiconductor ® The Total Military/Aerospace Standardization Program
883B/RETST™ Products ® MILS/RETS™ Products ® 883/RETS™ Hybrids ¢ MIL-M-38510 Class B Products
Radiation Hardened Technology ® Wafer Fabrication ® Semiconductor Assembly and Packaging
Semiconductor Packages ® Glossary of Terms ® Key Government Agencies ® AN/ Numbers and Acronyms
Bibliography ® MIL-M-38510 and DESC Drawing Cross Listing

SPECIAL PURPOSE LINEAR DEVICES DATABOOK—1989

Audio Circuits ® Radio Circuits ® Video Circuits ® Motion Control Circuits ® Special Function Circuits
Surface Mount

TELECOMMUNICATIONS—1990

Line Card Components  Integrated Services Digital Network Components ® Analog Telephone Components
Application Notes
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ALABAMA
Huntsville

Arrow Electronics
(205) 837-6955
Belf Industries
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(205) 837-7210
Pioneer Technology
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Time Electronics
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Hamilton/Avnet
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Phoenix
Arrow Electronics
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Tempe
Anthem Electronics
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Bell Industries
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Time Electronics
(602) 967-2000

CALIFORNIA
Agora Hills
Bell Industries
(818) 706-2608
Time Electronics
(818) 707-2890
Zeus Components
(818) 889-3838
Burbank
Eimo Semiconductor
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Calabasas
F/X Electronics
(818) 592-0120
Chatsworth
Anthem Electronics
(818) 700-1000
Arrow Electronics
(818) 701-7500
Time Electronics
(818) 998-7200
Costa Mesa
Avnet Electronics
(714) 754-6050
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(714) 641-4100
Cypress
Bell Industries
(714) 895-7801
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Hamilton/Avnet
(213) 516-8600
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Anthem Electronics
(714) 768-4444
Rocklin
Anthem Electronics
(916) 624-9744
Bell Industries
(916) 652-0414
Roseville
Hamilton/Avnet
(916) 925-2216
San Diego
Anthem Electronics
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Arrow Electronics
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Hamilton/Avnet
(619) 571-1900
Time Electronics
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Zeus Components
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San Jose
Anthem Electronics
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Arrow Electronics
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Pioneer Technology
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Zeus Components
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Sunnyvale
Bell Industries
(408) 734-8570
Hamilton/Avnet
(408) 743-3300
Time Electronics
(408) 734-9888
Torrance
Time Electronics
(213) 320-0880
Tustin
Arrow Electronics
(714) 838-5422
Time Electronics
(714) 937-0911
Woodland Hills
Hamilton/Avnet
(818) 594-0404
Yorba Linda
Zeus Components
(714) 921-9000

COLORADO

Aurora
Arrow Electronics
(303) 373-5616

Englewood
Anthem Electronics
(303) 790-4500
Hamilton/Avnet
(303) 799-7800
Time Electronics
(303) 721-8882

Wheatridge
Belt Industries
(303) 424-1985

CONNECTICUT
Danbury
Hamilton/Avnet
(203) 743-6077
Shelton
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(203) 929-5600
Wallingford
Arrow Electronics
(203) 265-7741
Waterbury
Anthem Eilectronics
(203) 575-1575

FLORIDA

Altamonte Springs
Belf Industries
(407) 339-0078
Pioneer Technology
(407) 834-9090
Zeus Components
(407) 788-9100

Clearwater
Pioneer Technology
(813) 536-0445

Deerfield Beach
Arrow Electronics
(305) 429-8200
Bell Industries
(305) 421-1997
Pioneer Technology
(305) 428-8877

Fort Lauderdale
Hamilton/Avnet
(305) 767-6377
Time Electronics
(305) 484-7778

Lake Mary
Arrow Electronics
(407) 333-9300
Orlando
Chip Supply
(407) 298-7100
Time Electronics
(407) 841-6565
St. Petersburg
Hamilton/Avnet
(813) 572-4329
Winter Park
Hamilton/Avnet
(407) 657-3300

GEORGIA

Duluth
Arrow Electronics
{404) 497-1300
Hamilton/Avnet
(404) 446-0611
Pioneer Technology
(404) 623-1003

Norcross
Bell Industries
(404) 662-0923
Time Electronics
(404) 368-0969

ILLINOIS
Addison
Pioneer Electronics
(708) 495-9680
Bensenville
Hamilton/Avnet
(708) 860-7700
Elk Grove Village
Bell Industries
(708) 640-1910
Itasca
Arrow Electronics
(708) 250-0500 .
Schaumburg
Anthem Electronics
(708) 884-0200
Time Electronics
(708) 303-3000
INDIANA
Carmel :
Hamilton/Avnet
(317) 844-9333
Fort Wayne
Bell Industries
(219) 423-3422
Indianapolis
Advent Electronics Inc.
(317) 872-4910
Arrow Electronics
(317) 299-2071
Bell Industries
(317) 875-8200
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(317) 573-0880
IOWA
Cedar Rapids
Advent Electronics
(319) 363-0221
Arrow Electronics
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Hamilton/Avnet
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KANSAS
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Arrow Electronics
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Columbia
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Arrow Electronics
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Port Electronics . -

{508) 649-4880
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Zeus Components
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Anthem Electronics
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Grand Rapids .
Arrow Electronics
(616) 243-0912 ;
Pioneer Standard -
{616) 698-1800
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(616) 243-8805,

Livonia
Arrow Electronics
(313) 665-4100
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(313) 525-1800
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(313) 347-4720

Wyoming )
R. M. Electronics, Inc.
{616) 531-9300

MINNESOTA
Eden Prairie
Anthem Electronics
(612) 944-5454
Arrow Electronics
(612) 828-7140
Pioneer Standard
{612) 944-3355
Edina :
Arrow Electronics
(612) 830-1800
Time Electronics
(612) 943-2433 .. -
Minnetonka
Hamilton/Avnet
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MISSOURI

Chesterfield
Hamilton/Avnet
(314) 537-1600

St. Louis
Arrow Electronics
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Time Electronics
(314) 391-6444

NEW JERSEY
Cherry Hill
Hamilton/Avnet
(609) 424-0100
Fairfield
Hamilton/Avnet
(201) 575-3390
Pioneer Standard
(201) 575-3510
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Arrow Electronics
(609) 596-8000
Time Electronics
(609) 596-6700
Parsippany
Arrow Electronics
{201) 538-0900
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Anthem Electronics
(201) 227-7960
Wayne
Time Electronics
(201) 758-8250

NEW MEXICO
Albuquerque

Alliance Electronics Inc.
{505) 292-3360
Bell Industries
(505) 292-2700
Hamilton/Avnet
(505) 345-0001

NEW YORK
Binghamton
Pioneer
(607) 722-9300
Buftalo
Summit Electronics
{(716) 887-2800
Commack
Anthem Electronics
(516) 864-6600
Fairport
Pioneer Standard
(716) 381-7070
Hauppauge
Arrow Electronics
(516) 231-1000
Hamilton/Avnet
(516) 231-9444
Time Electronics
(516) 273-0100
Port Chester
Zeus Components
(914) 937-7400
Rochester
Arrow Electronics
(716) 427-0300
Hamilton/Avnet
(716) 292-0730
Summit Electronics
(716) 334-8110
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Zeus Components
(516) 737-4500
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Hamilton/Avnet
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Time Electronics
(315) 432-0356
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Hamilton/Avnet Export Div.

(516) 997-6868
Woodbury
Pioneer Electronics
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NORTH CAROLINA
Charlotte
Hamilton/Avnet
(704) 527-2485
Pioneer Technology
(704) 527-8188
Durham
Pioneer Technology
(919) 544-5400
Raleigh
Arrow Electronics
(919) 876-3132
Hamilton/Avnet
(819) 878-0810
Time Electronics
(919) 874-9650

OHIO
Centerville
Arrow Electronics
(513) 435-5563
Cleveland
Pioneer
(216) 587-3600
Columbus
Time Electronics
(614) 794-3301
Dayton
Bell Industries
(513) 435-8660
Bell Industries-Military
(513) 434-8231
Hamilton/Avnet
(513) 439-6700
Pioneer Standard
(513) 236-9900
Zeus Components
(513) 937-7400
Solon
Arrow Electronics
(216) 248-3990
Hamilton/Avnet
(216) 349-5100
Waesterville
Hamilton/Avnet
(614) 8827004
OKLAHOMA
Tulsa
Arrow Electronics
(918) 252-7537
Hamilton/Avnet
(918) 664-0444
Pioneer Standard
(918) 492-7840
Radio Inc.
(918) 587-9123
OREGON
Beaverton
Anthem Electronics
(503) 643-1114
Arrow Electronics
(503) 626-7667
Hamilton/Avnet
(503) 627-0201
Lake Oswego
Bell Industries
(503) 635-6500
Portland
Time Electronics
(503) 684-3780

PENNSYLVANIA
Horsham
Anthem Electronics
(215) 443-5150
Pioneer Technology
(215) 674-4000
Mars
Hamilton/Avnet
(412) 281-4150
Pittsburgh
Pioneer
(412) 782-2300
TEXAS
Austin
Arrow Electronics
(512) 835-4180
Hamilton/Avnet
(512) 837-8911

Minco Technology Labs.

(512) 834-2022
Pioneer Standard
(512) 835-4000
Time Electronics
(512) 399-3051
Carroliton
Arrow Electronics
{(214) 380-6464
Dallas
Hamilton/Avnet
(214) 308-8111
Pioneer Standard
(214) 386-7300
Houston
Arrow Electronics
(713) 530-4700
Hamilton/Avnet
(713) 240-7733
Pioneer Standard
(713) 495-4700
Richardson
Anthem Electronics
(214) 238-7100
Time Electronics
(214) 644-4644
Zeus Components
(214) 783-7010
UTAH
Midvale
Bell Industries
(801) 255-9611
Salt Lake City
Anthem Electronics
(801) 973-8555
Arrow Electronics
(801) 973-6913
Hamilton/Avnet
(801) 972-2800
West Valley
Time Electronics
(801) 973-8494
WASHINGTON
Bellevue
Arrow Electronics
(206) 643-4800
Bothell
Anthem Electronics
(206) 483-1700
Kirkland
Time Electronics
(206) 820-1525
Redmond
Bell Industries
(206) 867-5410
Hamilton/Avnet
(206) 241-8555

WISCONSIN
Brookfield
Arrow Electronics
(414) 792-0150
Pioneer Electronics
(414) 784-3480
Mequon
Taylor Electric
(414) 241-4321
Waukesha
Bell Industries
(414) 547-8879
Hamilton/Avnet
(414) 784-8205

CANADA
WESTERN PROVINCES
Burnaby
Hamilton/Avnet
(604) 420-4101
Semad Electronics
(604) 420-9889
Calgary
Electro Sonic Inc.
(403) 255-9550
Semad Electronics
(403) 252-5664
Zentronics
(403) 295-8838
Edmonton
Zentronics
{403) 468-9306
Markham
Semad Electronics Ltd.
(416) 475-3922
Richmond
Electro Sonic Inc.
(604) 273-2911
Zentronics
(604) 273-5575
Saskatoon
Zentronics
(306) 955-2207
Winnipeg
Zentronics
(204) 694-1957

EASTERN PROVINCES
Mississauga
Hamilton/Avnet
(416) 795-3825
Time Electronics
(416) 672-5300
Zentronics
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Nepean
Hamilton/Avnet
(613) 226-1700
Zentronics
(613) 226-8840
Ottawa
Electro Senic Inc.
(613) 728-8333
Semad Electronics
(613) 727-8325
Pointe Claire
Semad Electronics
(514) 634-0860
St. Laurent
Hamilton/Avnet
(514) 335-1000
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(514) 737-9700
Willowdale
ElectroSonic Inc.
(416) 494-1666
Winnipeg
Electro Sonic Inc.
(204) 783-3105
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Germany
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