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for the
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This docunent describes a pod adapter which enables the Fluke
9000- Series M cro-System Troubl eshooters to be wused for diagnosing Z8-
based UUT's. A pod adapter is necessary because no actual pod for the
Z8 is available. The adapter described here was originally devel oped
for use with a particular UUT, the Fluke 8840A Digital Miultineter. But
its functionality is general enough that it should be useful for many
ot her Z8-based UUT's as wel .

The Z8 pod adapter is used in conjunction with a 9000-Series trou-
bl eshooter and a 9000A-8048 Interface Pod. The adapter is connected
bet ween the 8048 pod and the UUT. It creates Z8-conpatible timng sig-
nals fromthe 8048 signals that conme fromthe pod. It also provides I/0O
pi ns beyong those of the 8048, so that all input and output functions of
the Z8 can be sinulated. While the pod adapter does not provide a per-
fect imtation of an actual Z8 microprocessor, it is quite close. The
differences and limtations are detaild in section 5.

1. Conventions Used in This Docunent

Sone |1/O ports on the Z8 have the sane nanes as ports on the 8048,
even though their functions are unrelated. To avoid confusion between
Z8 ports and 8048 ports, we adopt the follow ng convention: Unless
explicitly stated otherwise, a nmention of an I/O port or a signal refers
to the Z8. Al references to 8048 ports and signals will be clearly
i ndi cat ed.

An 1/0O port nane such as "Port 2" refers to the port as a whol e,
i.e., all 8 bits. Individual lines of a port are refered to by their
port nunber and |ine nunber. For exanple, P34 refers to Port 3, line 4.
The lines are nunbered to correspond to their controlling bits in the
Z8. Bit 0 is the least-significant bit.

A nibble is 4 bits of an I/O prot. The |low ni bble of a port always
consists of lines 0-3, and the high nibble consists of |ines 4-7.

Si gnal nanes, unless otherw se indicated, refer to the Z8 signals.
A minus sign at the end of a signal nanme indicates that the signal is
active-low For exanple, the signal "DS-" (pronounced "D S bar") is the
Z8 data strobe signal and is asserted when it is at a |ow | evel

Al addresses and data in this docunent are expressed in hexade-
ci mal notati on.
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2. Overview

Figure 1 shows a bl ock diagram of the Z8 pod adapter. About half
of the Z8 pins are supported by sinple direct connections through the
adapter to functionally simlar pins on the 8048 pod. The adapter con-
nects the 8048 Bus port directly to the Z8 I/O port 1 pins. Simlarly,
it connects 8048 I/O Port 1 directly to Z8 Port 2. Finally, the VCC
GND, XTAL1, XTAL2, and RESET- signals are passed directly through the
adapt er.
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Port 2| <s======3| 1/0 | <==>| | <==>| Port O
| |l | Expander | I o
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Figure 1. Pod Adapter Bl ock D agram
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The renmai nder of the Z8 signals have to be created or derived by
circuitry in the pod adapter. Sixteen of these, the [/Olines for Z8
Ports 0 and 3, are provided by an 8243 1/O Expander chip which is con-
trolled by 8048 signals. The final 3 signals are control |ines which
are derived from 8048 control signals.

A second 8243 1/ O Expander provides inputs for sensing the actua
levels of I/O and control signals. This sensing capability makes it
possi ble to check the drivability of lines which are connected to |ogic
in the pod adapter. Signals which are directly connected to the pod
undergo automatic drivability checking within the pod.

Al'l Z8 pins which connect to logic in the pod adapter pass first
through an isolation network which helps to protect the adapter from
transients an illegal voltage levels in the UUT. Those Z8 signals
whi ch connect directly to equivalent 8040 pins are isolated in the pod
itself.

3. Pod Adapter Setup

The pod adapter has a nunber of nodes which affect the way it
operates. These npdes pernit the pod adapter to be wused with a fairly
wi de range of UUT's. They also allow certain drivability checks to be
performed which would otherw se be inpossible. Before attenpting to
access |/O ports or external devices, the user nust set up the pod
adapter nodes to conformto the configuration of the particular UUT to
whi ch the adapter is connected. All of the pod adapter nodes are con-
trolled by bits in the Mdde Register, whose layout is shown in Figure 2.
The Mode Register can be witten or read at troubl eshooter address 2002.
The follow ng sections describe the functions of the Mdde Regi ster bits.

3.1. Drivability Checking Control (Mde Bit 4)

Each time a new value is witten to Port | or Port 2, the trouble-
shooter autonatically senses the levels of the port's I/Olines and com
pares the actual levels wth the values witten. Any discrepancy is

reported as a drivability error. This automatic drivability checking
function is built into the pod. It works correctly on Ports | and 2
even with the pod adapter in place, because those ports are passed
directly through the pod adapter w thout any intervening circuitry. In
contrast, Ports O and 3 as well as sone of the control Ilines are driven
by logic internal to the pod adapter. The troubl eshooter cannot

directly check the drivability of those lines.

Since drivability checking is an inportant diagnostic function, the
pod adapter contains extra circuitry to pernit checking the drivability
of Port 0, Port 3, and the DS- and R'W signals. The extra circuitry
allows actual output Ilevels to be read back and conpared wth the
desired levels. The checking is not automatic, however; it must be done
manual |y through mani pul ati on of Myde Bit 4.

For normal troubl eshooting operations, Mdde Bit 4 should be O.
VWen Mde Bit 4 is 0, reads and wites at addresses 2004-2007 will
result in input and output operations on Ports 0 and 3, as described in
section 4.

Page 3



Z8 Pod Adapter May 23, 1984

B LI S S S L
| 7161 5] 4] 3] 2] 1] 0]
B LI S S S L
| X X|] X| X| Unused
Ty g
| O] Addr. 2004-2007 normal 1/0O
+-- -+
| 1| Addr. 2004-2007 drivability checking
e
| O] P34 is latched output pin
+-- -+
| 1| P34 is DM output
e
| 0] DS- output forced | ow
+-- -+
| 1| DS- output normal function
e
| 0] RW output forced | ow
+-- -+
| I | RW output normal function
+-- -+
Figure 2. Mode Register Layout.

When val ues have been witten to one or nore of these addresses,
the actual output levels can be read back after setting Mbde Bit 4 to 1
When Mode Bit 4 is 1, previously witten values are nmintained on the
output pins while a separate data path is enabled for reading the actua
levels. Here is the procedure for outputting a new value and checking
the drivability:

Clear Mode Bit 4 to O by witing to address 2002.
Wite desired value to address 2004, 2005, or 2007.
Set Mode Bit 4 to 1 by witing to address 2002.
Read actual value fromthe sane address as step 2.

PwonbhpE

Bits whose actual value differs fromthe desired value correspond to
lines that could not be driven

The attentive reader will notice that the above procedure does not
apply to address 2006, the |loworder nibble of Port 3. That nibble is
restricted by the Z8 hardware to input operations only, so witing to
address 2006 is illegal. Wthout an output capability, drivability
checking is neaningless, and it is not provided for the |ow nibble of
Port 3. Instead, a read operation from address 2006 when Mdde Bit 4 is
1 will return the actual levels present onthe DS- and R W contro
lines, as shown in Figure 3. When used in conjunction with Mode Bits 6
and 7 as described below, this feature permits checking the drivability
of the DS- and RR'W |i nes.
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e T I s
| 31 2] 1] 0]
e T I s
| O] DS- = 0 (asserted)

+---+
| 1| DS- = 1 (not asserted)
B
| O] RW =0 (wite)
+-- -+
| 1| RW =1 (read)

s B

| X | X | Undefined
e

Figure 3. Value from address 2006 when Mde Bit 4 is 1.

To output a new value to Port O or Port 3, Mode Bit 4 nmust be O.
Wites to these ports are illegal when Mde Bit 4 is 1.

3.2. P34 Control (Mde Bit 5)

Pln P34 (Port 3, bit 4) serves a dual function on the Z8. For sys-
tems without external data nenory or peripherals, it is typically used
as a general -purpose | atched output pin. For larger systems this pin
can be nade to output the DM signal, which serves to distinguish
bet ween external program and data nenory accesses. The pod adapter sup-
ports P34 in both of these roles. The function of P34 is selected by
Mode Bit 5. Wen Mde Bit 5 is 0, P34 serves as a nornal output pin
which is controlled (along with pins P35-P37) by wite operations to
address 2007. Wen Mde Bit 5 is 1, P34 outputs the DM signal.

3.3. DS- and RRW Control (Mdde Bits 6 and 7)

Mode Bits 6 and 7 should both be set to 1 for normal troubl eshoot-
i ng operations. Wen cleared to O, these bits serve to force the DS-
(bit 6) and the R'W (bit 7) signals to the |low state. This capability
is provided so that the drivability of DS- and RF' W may be checked con-
veniently. The drivability of these pins is checked by selectively
forcing themto O, then reading their actual levels from address 2006
with Mbde Bit 4 set to 1. Note that the quiescent state of each of
these signals is 1, so there is no need to be able to force them high.

4. Z8 Cperations

The pod adapter is capable of reading and/or witing the Z8 I/O
pins as well as nmenory and |1/ O devices external to the Z8. Al accesses
are nade by read or wite operations fromthe troubl eshooter. The |egal
t roubl eshoot er addresses and their functions are listed in Table 1. The
functions are described in nore detail in the foll owi ng sections.
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Table |. Address Space Assignnent.
ADDRESS FUNCTI ON ADDRESSED
0000- OFFF Ext ernal Program Menory
1100- 11FF External Data Menory
2000 Z8 Port 1

2001 Z8 Port 2

2002 Pod Adapter Mbde

2004 Z8 Port 0, |ow nibble
2005 Z8 Port 0, high nibble
2006 Z8 Port 3, low nibble
2007 Z8 Port 3, high nibble
3000- 30FF Execut abl e Pod RAM

4.1. Accessing Port O

Port O is accessed as two independent nibbles, at troubleshooter
addresses 2004 (lines PO00-P03) and 2005 (lines P04-P07). Each nibble
may be configured as 4 input lines or 4 output |ines.

Mode Bit 4 nust be O for normal input and output operations on Port
0. Reading from address 2004 or 2005 configures the correspondi ng ni b-

ble as an input, and reads the levels of its lines. Witing to address
2004 or 2005 configures the corresponding nibble as an output, and
| atches the data onto its lines. After data has been output to one or

bot h ni bbl es, the actual output |evels can be read back (to check driva-
bility) by setting Mde Bit 4 to 1 and then reading address 2004 or
2005.

If a nibble of Port 0 is to be reconfigured fromoutput node to

i nput node, two reads should be perforned. The first read w Il change
the node of the port (turn off the output drivers, etc.), but may return
i naccurate data. Subsequent reads will return correct data values. No

such special actions are required when changing frominput node to out-
put node.

4.2. Accessing Port 1

Port 1 is accessed as a single byte, at troubleshooter address
2000. The port as a whole nmay be configured as 8 output lines or 8
input lines. A wite to address 2000 will put the port in output nopde
and latch the data onto its lines, with drivability checking perfornmed
automatically by the troubl eshooter. A read from this address will
return the data present on the lines of the port, but will not automati -
cally disable the port's output drivers. |If Port | has been put in out-
put node (by a wite to address 2000) and is to be changed to input
node, the output drivers nust first be turned off by reading from any
external programor data nmenory address; i.e., any t roubl eshoot er
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address in the range 0000-0FFF or 1100-11FF. Once this has been done,
the actual data may be read from address 2000.

Note that the Z8 uses Port 1 as a bidirectional nultiplexed address
and data bus when accessing external nenmory and |/O devices. Direct
out put and input operations on Port 1 such as those described here wll
typically be used only with UUT's that do not have such external dev-
ices. An external access will renove any previously latched data from
the lines of Port 1.

4.3. Accessing Port 2

Port 2 is accessed as a single byte, at troubleshooter address
2001. Each of the port's 8 lines may be independently configured as an
i nput or an output. An output operation is perforned by witing the
desired data to address 2001. The troubleshooter will automatically
performdrivability checking on the lines of Port 2. An input operation
can be perfornmed by reading from address 2001. Lines of Port 2 which
are to be wused as inputs first nust be configured to the input node by
outputting 1's to them

4.4. Accessing Port 3

Port 3 is accessed as two separate nibbles, at addresses 2006
(P30-P33) and 2007 (P34-P37). Lines P30-P33 may be used only as inputs,
and |ines P34-P37 may be used only as outputs. Mode Bit 4 nust be O
when accessing Port 3.

After witing data to P34-P37, the drivability of those |ines nay
be checked by setting Mde Bit 4 to 1 and then reading address 2007.
The value returned will contain the actual levels on pins P34-P37. Any
di fferences between the actual levels and the values witten are synp-
tomatic of drivability problens.

4.5. Accessing External Program Menory

Program nenory external to the Z8 (in the UUT) nmay be read at
addresses 0000 to OFFF. This nenory is considered to be read-only, and
it cannot be written by the troubl eshooter

Only the least-significant 8 bits of the address are transnitted by
the pod adapter; the high-order address bits are discarded. Because of
this, reads at (for exanple) 0057, 0I57, 0257, etc. wll all access the
sanme program nenory |ocation. D fferent 256-byte pages of program
menory can be selected by outputting the high-order address bits to Z8
Port 0. Either 4 or 8 bits of high-order address nmay be output, depend-
ing on the address range and decoding logic of the UUT. |[If the UUT
decodes only a 12-bit address, the upper 4 bits should be witten to the
lower nibble of Port O (troubleshooter address 2004). |If the UUT
decodes a 16-bit address, the highest 4 bits should be witten to the
upper ni bble of Port 0 (troubl eshooter address 2005) and the next 4 bits
should be witten to the | ower nibble of Port O (troubl eshooter address
2004).

As an exanpl e, suppose the UUT contains 4K bytes of external pro-
gram nmenory (12-bit address decoding). The following steps would be
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used to read the byte at |ocation 0457

WRI TE @004 = 4 (select page 4)
READ @457 (read the data)

In this exanple, the address given in the read operation could have been
0057 with the sane result, since the high-order address bits are dis-
carded. However, specifying the actual address is recommended to avoid
conf usi on.

Accesses to external program nenory use Z8 Port 1 as a nultiplexed
address and data bus, with address and data strobes being output via the
AS- and DS- pins, respectively. Port 0 is used to output the high-order
address bits.

4.6. Accessing External Data Menory

Troubl eshoot er addresses 1100- 11FF are used to access data nenory
in the UUT. This address space is considered to be readable and wit-
able. It typically wll consist of a mxture of RAM and nmenory-napped
I/ O devices. If the data menory address space in the UUT is larger than
256 locations, the high-otder 4 or 8 address bits nust be output via
Port O before the access is made. The procedure is exactly as descri bed
in section 4.5 for program nmenory fetches

As an exanple, the followi ng steps would be used to wite the val ue
38 to data menory | ocation 07CA, assuming 12-bit address decoding:

VWRI TE @004
WRI TE @ 1CA

7 (select pape 7)
3B (write the data)

Aceesses to external data nenory use Z8 Port 1 as a nultiplexed
address and data bus, with address and data strobes being output via the
AS- and DS- pins, respectively. Port 0 is used to output the high-order
address bits. If pin P34 is configured as the DM signal, it will be
asserted low during the data transfer. The RW signal is asserted |ow
during a wite data transfer

4.7. Sensing the Serial lnput Pin

Input Iine P30 can serve as a serial input on the Z8. The pod
adapter connects the 8048 test input Tl to this line to facilitate sens-
ing the level of the serial input. The P30 input can be observed by
i ssuing the READ STS command to the troubl eshooter. Status bit 2 will
contain the level of the serial input line. Wen running programs in
the pod RAM (see section 4.8), the 8048 instructions "JT1" and "JNT1"
may be used to branch dependlng on the level at this input.

O course, line P30 also can be read along with lines P3l-P33 by
readi ng troubl eshooter address 2006, as explained in section 4.4.

4.8. Running Prograns in the Pod RAM

Machi ne | anguage prograns up to 256 bytes in length can be | oaded
i nto pod-resident RAM and executed wusing the Run UUT command. The pod
RAM is accessed through wite and read operations at troubl eshooter
addr esses 3000- 30FF. During execution, the pod RAMw Il be treated as
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though it were at microconputer addresses 0000-O0OFF

There are a few very inportant caveats regarding the execution of
prograns in the pod RAM First and nost inportant is the fact that the
prograns must be witten in nachine |anguage for the 8048, not the Z8.
The prograns are executed by the 8048 in the pod, and it is not "aware"
that the adapter is making its external signals appear to be those of
the Zz8. Even with the pod adapter in place, it is not possible to exe-
cute Z8 instructions.

The Z8 1/0O ports are nmanipulated from an 8048 programthrough
operations on 8048 |/0O ports. Table 2 shows the correspondence between
8048 1/ 0O ports and Z8 ports.

Port 1 (corresponding to the 8048 Bus) may not be used as a static
I/O port during a Run UUT operation, because fetched instructions are
transferred over its lines.

The troubl eshooter resets the 8048 at the beginning of the Run UUT
operation. The reset places all /O ports in the input node. There
nmust be instructions at the beginning of the 8048 programto configure
the 1/0O ports before they can be used for outputting data. This applies
also to the Adapter Mde Register; it nmust be set to the appropriate
val ue by 8048 instructions before the other 1/0O ports can be accessed.

When the Run UUT operation is termnated, the troubl eshooter resets
the 8048 again. The user nust reconfigure the Adapter Mdde Regi ster and
the 1/0 ports through troubl eshooter commands before proceedi ng.

5. Limtations

When used together with an 8048 pod, the Z8 pod adapter provides
nost of the functionality of an actual Z8 mcroprocessor. The adapter
is able to control all Z8 output lines, sense all Z8 input lines, and
access the entire Z8 external address space. The adapter is, however,
somewhat different froman actual Z8 in terns of input |oading, output
drive capability, «clock oscillator characteristics, and external access
timng. The differences are discussed in the foll owi ng sections.

5.1. Input Loading

Input loading on all ports is practically insignificant (a few
nm cr oanperes) for both the Z8 and the pod adapter, with one excepti on.
Port 2in the adapter contains pull-upresistors whichcanleak upto
500uA. into an input at the logic O level. For nbst UUT' s this | eakage
will be acceptable, sinceit represents |ess than one third of a stan-
dard TTL | oad.

5.2. CQutput Drive Capability

The Z8 m croprocessor can source 250uA. at an output high [ evel of
2.4V., and can sink 2.0mA at an output low Ilevel of 0.4V. The pod
adapter comes very close to neeting this drive capability on Ports 0 and
3, and greatly exceeds it on Port 1, AS-, DS-, and R'W. The only
adapter port with significantly less drive than the actual Z8 is Port 2.
On Port 2, the adapter can source only 40uA. at 2.4V., and can sink only
1.6mA. at 0.6V.
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Table 2. 1/0 Port Correspondence.

Z8 PORT 8048 PORT | NSTRUCTI ONS
Port 0, |ow nibble 8243 Expander Port 4 MWD A P4
MOVD P4, A
ANLD P4, A
ORLD P4, A
Port 0, high nibble 8243 Expander Port 5 MOVD A P5
MOVD P5 A
ANLD P5,A
ORLD P5,A
Port | 8048 Bus (Do not use)
Port 2 8048 Port 1 IN AP1
QUTL P1, A

ANL P1, #data
ORL P11, #data

Port 3, |ow nibble 8243 Expander Port 6 MOVD A, P6
MOVD P6, A
ANLD P6, A
ORLD PG, A

Port 3, high nibble 8243 Expander Port 7 MOVD A, P7
MOVD P7, A
ANLD P7, A
ORLD P7, A

Serial Input (P30) 8048 T1 I nput JT1 addr
JNT1 addr

Adapt er Mode Regi ster 8048 Port 2 IN A P2
QUTL P2, A
ANL P2, #data
ORL P2, #dat a

5.3. dock Gscillator Characteristics

The pod adapter utilizes the clock circuit in the 8048 pod to gen-
erate timng signals. The adapter adds an extra | ength of cable between
the pod and the UUT, increasing the stray capacitance associ ated with
the crystal circuit. Wile the pod' s clock circuit has been designed to
be relatively insensitive to stray capacitance effects, it is possible
that the crystals in sone types of UUT may fail to oscillate wth the
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adapter in place. The adapter has provisions for installing a crystal
directly on the adapter circuit board, thus bypassing the extra cable
which runs fromthe adapter to the UUT

UUT's which drive the XTAL1 input with a TTL signal instead of
using a crystal can be expected to function properly with the adapter
Those which wutilize the XTAL2 output to drive TTL | ocads may not work
The XTAL2 signal provided by the pod and passed through by the adapter
is not truly TTL conpatible, and the oscillator may fail to run if XTAL2
is |loaded by one or nore TTL gates. This output has been successfully
used to drive a CMOS circuit, however.

5.4. External Access Tining

Ext ernal program and data nenory accesses fromthe pod adapter are
sl ower than the equivalent Z8 accesses by a factor of about 2.5, for a
given crystal frequency. A Z8 running at 8MHz. completes a nenory cycle
in 750ns., while the adapter at the sane clock rate has a nenory cycle
of 1.875us. Because of the |ower speed, the adapter places nuch |ess
stringent demands on external nenory devices. Ext ernal accesses from
the pod adapter should be expected never to fail due to timng differ-
ences.

Figures 4, 5, and 6 contain detailed tinmng diagrans for the pro-
gram nmenory fetch, data read, and data wite cycles. Each figure shows
the timng produced by the pod adapter as well as that produced by an
actual Z8 microprocessor. These diagrans are drawmn to a comopn scale
for easier conparison.

As seen fromthe timng diagrans, the major qualitative difference
i ntroduced by the adapter involves the DM and RFW signals. These sig-
nals are valid on the Z8 for what essentially anounts to the entire
menory cycle. The adapter, however, asserts these signals only during
the Data Strobe (DS-) pulse. This difference should rarely if ever be a
problem especially since the cycle as a whole is so nuch slower than
the Z8 cycle. It will never affect the programnenory read cycle
because the DM and R'W signals are not asserted during program nmenory
f et ches.

A final observation fromthe timng diagrans is that the 9000-

series probe synchronization pulses are valid for both address and data
transfers.
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