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NEC Electronics Inc.

puPD71088
System Bus Controller

Description

The pPD71088 is a CMOS system bus controller for a
uPD70108. (V20®) or uPD70116 (V30®) microprocessor
system. It controls the memory or I/O system bus.

Features

o CMOS technology

Bus controller for microcomputer system expansion
Command outputs for system bus control

Control outputs for I/O peripheral bus control

High drive capability for command and control
outputs (loL = 12 mA)

Three-state outputs for command outputs
Advanced /O and memory write command outputs
#PD70108, uPD70116 compatible

+5-volt £10% single power supply

20-pin plastic DIP (300 mil) or SOP package
Industrial temperature range: —40 to +85°C

o 0o O o

O oo o o o

Ordering Information

Part Number Clock (MHz) Package Type
1PD71088C-8 8 20-pin plastic DIP
c-10 10
G-8 8 20-pin plastic SOP

Pin Configurations

20-Pin Plastic DIP

wscfT \_/ 20phvoo
_cLk[}2 19 [1 BSO
8s1]3 18 E BS2
BUFR/W ] 4 ™ 17 |1 ICE/PBEN
ASTBL]S S 16 {1 DBEN
RENC]s g 15 ECEN
MRD 7 2 14 |7 INTAK
AMWR[]8 13 []iORD
MWR[]9 12 [J ATOWR
Vss[] 10 11 |7 1OWR
83-004181A

V20 and V30 are registered trademarks of NEC Corporation.

50151

20-Pin Plastic SOP
10B O] 1 'e) 20 MM Voo
CLK 1] 2 19 [11 BSO
BS1(1] 3 18 [T] BS2
BUFR/W (1] 4 ® 17 [ ICE/PBEN
ASTB [II] 5 g 16 [T1) DBEN
AEN % 6 S 15 {111 CEN
MRD (O] 7 2 14 [0 INTAK
AMWR 01} 8 13 [T0 iORD
MWR (0] 8 12 {11 ATOWR
vss O0r] 10 1 o iowr
83-004058A

Pin Identification

Symbol Function

10B Input/output bus mode input

CLK Clock input

BS1 Bus status input 1

BUFRW Buffer read/write output

ASTB Address strobe output

AEN Address enable input

MRD Memory read output

AMWR Advanced memory write output

MWR Memory write command output

Vss Ground

[OWR 1/O write command output

AlIOW Advanced /O write command output

[ORD 1/0 read command output

INTAK Interrupt acknowledge output

CEN Command enable input

DBEN Data buffer enable output

ICE/PBEN Interrupt cascade enable/Peripheral data bus
enable output

BS2 Bus status input 2

BSO Bus status input 0

Vop Power supply




pPD71088

NEC

PIN FUNCTIONS
BS0-BS2 (Bus Status Inputs 0, 1, 2)

The BS0-BS2 inputs are connected to the encoded CPU
status outputs. The pPD71088 decodes these status
outputs into command- and -control outputs for timing
control. See table 1 for an explanation of these inputs.

CLK (Clock)

The CLK input is connected to the same clock output
that drives the CPU clock, usually the CLK output of a
wPD71084 or a puPD71011. It is the internal system clock
of the pPD71088.

AEN (Address Enable)

The AEN input controls the command output buffers.
When IOB is low, a low-level AEN causes the command
buffers to output command output signals. A high-level
AEN makes ‘all command lines go to high impedance.
When I0B is high, the nPD71088 is in I/O bus mode, and
the command lines are not affected by AEN.

CEN (Command Enable)

The CEN input controls DBEN, PBEN and all command
outputs. When CEN is high, all these outputs are active.
When CEN is low, they are inactive.

I0B (1/0 Bus Mode)

When the IOB‘in‘put. is high, the bus eontrol mode is /O
bus mode. When 0B is low, the bus control mode is
system bus mode. ‘ :

MRD (Memory Read Command)

The MRD output is the signal to read data from a memory
device. MRD is three-state, active low.

WMWR (Memory Write Command)

The MWR output is the signal to write data to a memory
device. MWR is three-state, active low. -

AMWR (Advanced Memory Write Command)

This command outpht is the same as‘MWR, except that
itis generated one state (clock cycle) earlier than MWR.

IORD (I/0O Read Command)

The IORD output is the signal to read data from an /O
device. IORD is three-state, active low.

IOWR (I/O Write Command)

The IOWR output is the signal to write data to an 1/O
device. IOWR is three-state, active low.

ATOWR (Advanced I/O Write Command)

This.command output is the same as IOWR, except that
it is generated one state (clock cycle) earlier than IOWR.

INTAK (Interrupt Acknowledge)

The INTAK output acknowledges interrupt requests. Re-
questing devices output an interrupt vector.address in
response to INTAK. INTAK is three-state, actnve low.

ASTB (Address Strobe) -

The ASTB output control signal latches the address
outputs from the CPU into an external address latch,
such as a uPD71082 or pPD71083. Address data should
be strobed with the trailing edge (high to low) of ASTB.

DBEN (Data Buffer Enable)

The DBEN output activates a data bus buffer/driver suich
as a uPD71086 or uPD71087 to input or output data
between the CPU local bus and the memory or 1/O
system bus. ' '

BUFR/W (Buffer Read/erte)

The BUFRNV output controls the direction in WhICh data
moves through a transceiver between the CPU and the
memory or /O peripherals. When BUFR/W is high, data
is transferred from the CPU local bus to the memory or
1/0 system bus. When BUFR/W is low, data is transferred
from the memory or I/O system bus to the CPU local bus.

ICE/PBEN (Interrupt Cascade Enable/Perlpheral
Data Bus Enable)

The meaning of this output signal depends on IOB. If IOB
is low (system bus’ mode), it is the ICE output. ICE
controls the cascade address transfer from a master
priority interrupt controller-to slave priority interrupt
controllers. The slave reads the address from the master
when ICE goes high.

When IOB is high, it becomes PBEN. PBEN controls the
I/0 bus the same way that DBEN controls the system
bus. In this case, however, the output is active low.
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Block Diagram
———oMRD N
-————o0 MWR
852 O——ri ——o AMWR
Sl mo—  Su Command L—ofoRs - Gomend
BS0 O——r __I\ | IOWR
——o ATOWR
i ————o INTAK B
CLK o-———4 ——o BUFR/W 1
Sl T e L S [T o o
Input CEN 0——— ——o IcE/PBEN
108 o——— ———o ast8
49-0003668
Absolute Maximum Ratings Capacitance
Ta = 25°C; Vgg = OV Tp = 25°C; Vpp = +5V
Power supply voltage, Vpp -05t0 +7.0V Parameter Symbol Min Max Units Conditions
Input voltage, V; -1.0toVpp + 1.0V Input capacitance Cin 12 pF f=1MHz
Output voltage, Vo -0.5to Vpp + 0.5V
Operating temperature, TopT -40 to +85°C
Storage temperature, Tsrg -65to +150°C
Power dissipation, Pp (DIP) 500 mW
Power dissipation, Pp (SO) 200 mW
Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause permanent
damage.
DC Characteristics
To-40°C to +85°C; Vpp = 5V *+10%
Parameter Symbol Min Max Unit Conditions
Input voltage, high Vi 22 v
Input voltage, low ViL 0.8. \
Output voltage, high VoH Vpp -0.8 \ Controls:
lon = ~8 MA @ 10 MHz, -4 mA @ 8 MHz
Output voltage, low VoL 045 A Commands:
loL = 24mA @ 10 MHz, 12 mA @ 8 MHz
Controls:
) loL = 8MA @ 10 MHz, 4 mA @ 8 MHz
Input current leakage e -1.0 1.0 pA Vi = Vpp, Vss
Leakage current at high impedance lorF -10 10 LA
Power supply current (static) Ibp 80 rA Vi = Vpp, Vss
Power supply current (dynamic) IpDayn 20 mA fin = 10MHz
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AC Characteristics
Ta =-40to +85°C; Vpp = 5V +10%

" uPD71088 #PD71088C-10
Parameter Symbol Min Max Min Max Units Conditions
CLK cycle period tevok 125 100 ns
CLK pulse width, high tPWCKH 40 4“1 ns
CLK pulse width, low tPwCKL 60 49 ns
Setup time for bus status active to CLK T tsesv 40 35 ns
Hold time for bus status inactive from CLK { thesv 10 10 ns
Setup time for bus status inactive to CLK 1 tsBSiv 35 35 ns
Hold time for bus status inactive from CLK T thesiv 10 10 ns
Command active delay from CLK | themL 10 40 10 35 ns
Command inactive defay from CLK { tboMH 10 40 10 35 ns
Command output on delay from AEN { tbAECM 40 40 ns
Command active output delay from AEN | tDAECML 100 295 115 200 ns
Command disable delay from AEN 1 tFAECM 50 20 ns
Command active delay from CEN T tbcecm tboMmL tbemL ns loL = 4mA
ASTB active delay from CLK | tDCKSTH 30 20 ns Igl’:‘ - 1—0% n;rl:\
ASTB active delay from BS2, 1, 0 toBsST : 25 20 ns
ASTB inactive delay from CLK T tDCKSTL 7 25 7 25 ns
DBEN, PBEN active delay from CLK ! ooV 10 50 10 35 ns
..~ DBEN, PBEN inactive delay from CLK 1 tpoT 10 50 10 35 ns
DBEN, PBEN active delay from AEN | D AECT 30 30 ns
DBEN, PBEN active delay tpCECT 30 30 ns
BUFR/W 1 delay from CLK 1 toCKWR 40 40 ns
BUFR/W | delay from CLK T thCKRD 60 40 ns
ICE active delay from CLK | thokic 30 30 ns
ICE active delay from BS2, 1,0 tpesic 25 20 ns
ICE inactive delay from CLK { bicL 10 50 10 40 ns
Input rise time tRi 20 20 ns 08Vto 20V
Output rise time tro 20 20. ns
Input fall time th 12 12 ns 20Vto 08V
Output fall time tro 12 12 ns




pPD71088

Timing Waveforms

General
Ta T+ - T2 ——T3 Tq——>—T
1PWCKL || IPWCKH |
l———tcyek
o _ﬂ Nc_/ NL__‘Jt St___/_\t__/
'HBSIV tHBSY —» |-—
| a—tgBSY — |<—~!sssav—>
BSO0, BS1, BS2 k
= . \______
tocmL —»|
MRD, IORD
INTAK
tocML— l*— ipCcMH -—
MWR, [OWR
tbCKSTH
tDBSST | —*| [*— tDcksTL
—
ASTB
tDCKWR :
| {DCKRD —} -—
BUFR/W \
N / \
Write Mod
r
DBEN / 7
-
tocTv —» - <+——Read, INTAK Mode ————! - |e—tpcT
PBER tbckic \ Sr . /
| 1
DBSIC DICL

ICE 7

Note: The rising edges of ASTB and ICE are determined by the last event: CLKI or bus status
going active.

83-0040568
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Timing Waveforms (cont)
DBEN, PBEN , and Command Output

o8 /
L p——
xR . /
CEN -
/ X
tpaecT
—
DBEN / xb
tbcecT -+ tpcecT
PBEN \ f_
-
tDAECM tocecm
<+—{DCECM— tFAECM
C Outputs j ‘ SL / K—————
tDAECML
83-0040578
AC Test input Output Test Loads
.4V Vpop
24 22v 22V
08V Test Points 08V
045V - . 470 Q
83-004055A ‘uPD71088
[Note 1] -
AC Test Output 8200 I 200 pF
>§ 22v 22V X
A
08V Test Points 08V DD
83-004047A 1.2kQ
4PD71088
[Note 2]
1kQ I 100 pF
Notes:
[1] For command outputs MRD, IORD,
MWR, IOWR, INTAK, AMWR, and
AIOWR.
(2] For other outputs.
83-004182A
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FUNCTIONAL DESCRIPTION Table 1. Command Logic
Command Logic BS2 BS1 BSO CPU Status Con:‘r::rrtzoggtput
The PD71088 decodes the CPU bus status outputs into  Low Low Low Interrupt INTAK
command outputs. The bus status outputs (BS0-BS2) acknowledge
and their decoded commands are shown in table 1. Low Low High  1/O read mode iORD
Low High Low 1/O write mode TOWR, AIOWR
Bus Control Mode Low High High Halt mode None
The CEN, I0B, and AEN signals control the bus control-  High  Low Low Instruction MRD
ler mode as shown in table 2. fetch mode
High Low High Memory read MRD
mode
High  High  Low Memory write MWR, AMWR
mode
High High High No bus cycle None
mode

Table 2. Bus Control Mode
Control Input Command Qutput Control Output
Memory 1/0

CEN 0B AEN MRD, MWR, AMWR IOWR, AIOWR, IORD, INTAK ICE/PBEN  ASTB, BUFR/W, DBEN
H H H High impedance Outputs enabled (NC) PBEN (NC)  Outputs enabled (NC)

(I/O bus mode)

L Outputs enabled

H L H High impedance High impedance ICE (NC) Outputs enabled (NC)

(System bus

mode) L Outpus enabled Outputs enabled
L X X H H PBEN = H  Outputs enabled
(Command (OBEN = L:ASTB,
disable mode) BUFR/W are NC)
Note:

x = Don't care, NC = No change, H = High, L = Low
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uPD71641
Cache Memory Controller

Description

The uPD71641 is an LS| cache controller chip offering
advanced features, unequaled flexibility, and built-in
reliability to system designers. The uPD71641 makes it
practical and economical to use sophisticated caches
in microprocessor-based systems.

The implementation of uPD71641 is transparent to the
application program. The uPD71641 is configurable
from direct-mapped to 4-way set-associative mapping.
The uPD71641 allows up to 128K bytes of cache mem-
ory. Cache updating is made efficient with sub-block
partition and burst mode features.

The uPD71641 can be easily used with many general-
purpose, high-performance 32-bit or 16-bit micropro-
cessors. Its architecture is suitable for multiprocessors
and multimaster environments. Cache data consis-
tency is ensured by bus monitoring and dual compar-
ator techniques. The uPD71641 uses a write-through
strategy to update main memory, which guarantees
the best cache consistency in a multiprocessor and
multimaster system. External data storageis flexible in
size and organization. The uPD71641 will work with any
word width.

The uPD71641 is unique in offering features to imple-
ment a highly reliable cache memory subsystem. The
uPD71641 provides built-in reliability checks, such as
address tag parity check, multiple hit detection, and
self-diagnosis for directory faults. Upon detection of an
erroneous condition, the uPD71641 can either be dis-
abled, or continue to operate in a functionally de-
graded mode.

50135-1

Features

a]

General-purpose interface supports high-
performance microprocessors

O Transparent to application programs
o Flexible placement algorithm: direct 2-, 4-way set-

O o o0 0o oo o o

associative

Large tag memory configuration:

— 1024 sets x 1 way x 2 sub-blocks
— 512 sets x 2 ways x 2 sub-blocks
— 256 sets x 4 ways x 2 sub-blocks

Programmable sub-block size up to 64 bytes

Bus replacement cycle variable from 1 to 16 words
Supports large cache memory up to 128K bytes
Supports up to 4G bytes of main memory

LRU replacement algorithm

Write-through strategy

Data consistency check by bus monitoring
External PURGE input to flush tag store

Increased reliability through internal error
detection

— Parity check on tag store

— Incorrect match check

— Multiple hit check

— LRU output check

Unique level degradation feature to maximize
cache system up time

0 16- and 20-MHz operation

[m]

132-pin PGA package

Ordering Information

Part Number

Max Clockout

Frequency Package

uPD71641R

25 MHz 132-pin Ceramic PGA
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Pin Configuration

, i bol Pin - |
132-Pin Ceramic PGA Fin Sym Symbo
D1 MAg K14 A2q
PNMLKJHGFEDCBA D2 MaAg L1 MAgs -
4fcocoococoo00000O0OO|M ‘
13flo0c0000000000O0CO0]13 i MAs L2 MAzs
12looco000000000000|12 D12 GND L3 MAg,
flooo: oooln
wlooo o ool b13 . As L2 Aso
9lo oo ooole
8looo 0O 00|88 D14 A9 L13 A27
7looo HPPTIBA1 4 551 E1 - MAg2 L14 Ags
6|00 o o0oo0l6 -
5lo0o0 oools E2 MA1o M1 MAgg
4l000 ® 0 co|4 y
3joooo 00000000003 Es MA7 M2 MAso
2/[00000000000000(2 Ef2 Ay M3 GND
‘1000000000000001 Ere o ™ o
PNMLKJHGFEDCBA
. E14 A2 M5 DPAR
Bottom View
F1 MAgs M6 GND
® Orientation Pin F2 MAq3 M7 Vop
® Index Mark F3 MA" M8 GND
F12 Aqq M8 MISS
F13 A M10 IC
Pin Identification Pin Identification 13 :
— Pa—— - ~ Fi4 GND M11 Vop
n n
L Sym G1 MAsg M12 GND
Al RREQ B9 IC
G2 MA;5 M13 Az
A2 D1 a3 GND M14 ‘
A3 RAGK Pin Symbol ‘ Azs
s S B10 REGY G112 Aqs N1 ‘MAzg
P Ro2 BN WS g1s Ats N VC%D
A6 RAO B12 CR27 G4 Ae NS
Hi MA. - N4 BYFI
ad RA2 219 Yoo H2 Ml\17 ; N5 PURGE
A8 RAS 24 L H3 Ml\18 N6 FAULT
acd Ic o Mo H12 A . N7 CLK
A10 BERR c2 MA, L
- H13 Vob N8 CR3
A RUBY o8 ] H14 A N9 TWi1
A2 SRDY C4 - GND L4
g J1 MA, N10 CW3
s R0 e P2 J2 MA20 N11 IC
Al4 A3 ce RCO. 21
J3 MAg; N12 AHIT
B MAs o Yoo J12 A N13 GND
B2 GND cs GND 22
14
B3 Do ce BRC 18 Az N :2/%
Bs B, c10 RAE J14 Aqg P1
o i on e Ki MAo, P2 CMD
Bo Py ciz GND K2 MAg, P3 RESET
K3 MA: P4 FATAL
87 RAT o A K12 A2:7 P5 CLAMP
B8 IC C14 Ag
K13 Aoz P6 CRO
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Pin Identification

(cont)

Pin Symbol Pin Symbol
P7 CRT P11 BYFO
P8 CR2 P12 ic

P9 TWo P13 CTRDY
P10 cwz P14 Agq
PIN FUNCTIONS

CPU Interface

As-A3q (Address Bus). CPU address outputs are con-
nected to these inputs. Depending on cache organiza-
tion, from.8 to 10 of the low address bits are used to
select a set of tags. These inputs are latched internally
once a uPD71641 cycle begins.

BCY (Bus Cycle Start). This active-low input is sampled
on the rising edge of CLK. It indicates that a CPU cycle is
ready to be submitted to the uPD71641. When BCY is
detected, the uPD71641 will begin its cycle.

CS (Chip Select). This active-low input is sampled on
the rising edge of CLK. If this pin is not asserted, then the
cache will not operate. This input is used to separate
cacheable (e.g, memory access) and non-cacheable
(e.g., 1/0) CPU bus cycles. If this input is not asserted,
BCY is ignored, but CMD operations can still take place
and the bus monitor function continues to operate.

R/W (Read/Write). This input is used to separate CPU
read cycles from CPU write cycles, since the uPD71641
handles each type of cycle differently. If this input is low
when BCY is sampled, a cache write operation will
begin. If R/W is high, read operation will begin. This input
is also used during CMD accesses.

CMD (Command Mode). This active-low input is sam-
pled on the rising edge of CLK. It should be asserted
when the CPU needs to access one of the uPD71641’s
internal registers. Inputs RA0-RA3 select which internal
register will be used. CMD overrides the BCY and CS
inputs.

CLAMP (Clamp Address Input). This active-high input
prevents any problems due to a floating level on any
wPD71641 inputs. In the event it becomes necessary to
float the inputs to the uPD71641 (e.g., during DMA), this
input should be asserted. If this input is used, external
pullup resistors will not be required.

BYPI (Bypass In). This active-low input is sampled on
the rising edge of CLK. If this input is asserted when BCY

is asserted, the uPD71641 will treat the cycle as non-
cacheable, and assert BYPO. The cache memory is not
accessed.

DPAR (Data Parity). This active-high input signals that
an error has occurred in the cache data store. When
these errors are received, the uPD71641 will disable the
current level and enter a functionally degraded mode.
That is, if a parity error ocours in bank 3 of a 4-way
set-associative cache memory, level 3 will be disabled.

AHIT (Asynchronous Cache Hit). This active-high
asynchonous output is asserted when the current ad-
dress inputs (Ag-Agz1) produce a tag match, indicating
that the data being accessed is mapped into the cache
data store.

CRDY (CPU Ready). This active-low output can be used
to signal the CPU that the bus cycle can be ended. CRDY
is asserted when the cycle is a cache hit, when the
requested data is available at the end of a cache update
cycle, when a CMD access is completed, or when a
bypass cycle has completed (actually controlled by
external logic via the SRDY input).

MISS (Cache Miss). This active-low output is asserted
whenthe uPD71641 has detected a cache miss ona CPU
read cycle. It remains asserted throughout the cache
update operation. MISS is distinct from AHIT because it
is synchronous to the CLK, while AHIT is not. MISS is
also asserted when an internal error forces a cache
update, or if a cache bypass cycle is aborted by BERR.

BYPO (Bypass Out). This active-low output indicates to
external hardware that the current CPU bus cycle will
bypass the cache memory. Either the address is not
cacheable, or the cycle is a memory write. In the case of
a memory write, the data will be written in parallel to the
cache memory. External logic must complete the bus
cycle. This output is asserted whenever the BYPI input is
asserted at the start of a cycle, during all cache write-
through cycles, and whenever the uPD71641 is unable to
complete a cycle due to an internal error condition.

FAULT (Fault). This active-high output indicates that the
#PD71641 is operating in a functionally degraded mode,
that is, some portion of the tag store has been disabled
due to an internal or external error.

FATAL (Fatal Fault). This active-high output in conjuc-
tion with FAULT indicates the status of the uPD71641. If
an unrecoverable internal error occurs, and the
uPD71641 removes itself from the system, this output will
remain asserted.

RAO-RA3 (Replacement Address). These inputs select
the internal register for a CMD access. They also supply
the starting offset for a fetch bypass operation. During
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normal replacement operations, the replace cycle begins
at an offset of 0. If fetch bypass is enabled, the first bus
cycle of the replacement will be to the address deter-
mined by these inputs, so that the data requested by the
CPU will be available as soon as possible.

Do-D3 (Data Bus). These bidirectional pins form the
4-bit data bus used to access the uPD71641 internal
registers. This bus is also used to output tag store
contents during a cache directory dump operation.

CRO0-CR3 (4-Way Cache Read Strobes). When a 4-way
set-associative cache organization is selected, these
four active-low outputs select which of the four banks of
cache data storage will supply the data on a CPU read
cycle. They are also asserted during a cache memory
dump operation.

CR20-CR21 (2-Way Cache Read Strobes).When a 2-
way set-associative cache organization is selected,
these two active-low outputs select which of the two
banks of cache data storage will supply the data on a
CPU read cycle.

They are also asserted during a cache memory dump
operation. These outputs are also used for direct-
mapped caches. CR20 and CR21 must be logically
ORed with external logic to produce a single read strobe
for-the one bank of RAM.

CWO0-CW3 (a-Way Cache Write Strobes). When a 4-
way set-associative cache organization is selected,
these four active-low outputs select which bank of the
cache data store will be written during a CPU write cycle.

CW20-CW21 (2-Way Cache Write Strobes). When a
2-way set-associative cache organization is selected,
these two active-low outputs select which bank of the
cache data store will be written during a CPU write cycle.
These outputs are also used for direct-mapped caches.
CW20 and CW21 must be logically ORed with external
logicto produce a single write strobe for the one bank of
RAM.

Bus Monitor Interface

MAS (Bus Monitor Address Strobe). This active-low
input is sampled on the rising edge of CLK. When it is
sampled low, the puPD71641 will begin a cache invalidate
cycle on the address presented on inputs MAz-MAgz;.
Each check-and-invalidate operation takes two clocks.

MA3-MA3; (Bus Monitor Address). These inputs. are
sampled when MAS is sampled low. The system bus
address lines should be logically connected to these
inputs.

A write cycle to global memory could change a memory
location that has been cached. If this happens, the data
in the local cache is no longer consistent with global
memory. To ensure cache data consistency, the
#PD71641 provides bus monitoring. When an address is
presented on these MA inputs, the uPD71641 will per-
form a tag search on that address. If a high is detected,
the indicated sub-block will be invalidated. This tag
search operation is completely independent from the
CPU address tag search, since the pPD71641 tag store is
fully dual-ported with two sets of comparators.

MAz-MA3; become outputs during cache dump opera-
tions, supplying the upper address bits for the dump.

System Bus Interface

RREQ (Replacement Request). This active-low output
is asserted when the uPD71641 wants to use the global
bus for.a cache data replacement cycle or for a cache
directory or data dump operation.

RACK (Replacement Acknowledge). This active-low
input is asserted by the system bus interface when
access to the shared memory for a replacement or a
dump cycle has been granted. Once begun, replacement
or dump cycles can be suspended by desserting this
input. The pPD71641 will interrupt the miss cycle,
thereby releasing the global bus to a higher priority bus
master, and will resume the interrupted operation when
RACK is asserted again. Bus monitoring is disabled while
the replacement or dump cycle is suspended.

RAE (Replacement Address Enable). This active-low
output indicates that the uPD71641 has begun a cache
data replacement cycle to service a cache read miss.
This output should be used to control the multiplexing
between the RC outputs and CPU address. Also, any
other logic that changes during a replacement cycle
should use the RAE signal.

RCO0-RC3 (Replacement Count). Sub-blocks can be
up to 16 words in length. During a replacement cycle, the
RC outputs provide the offset address in the sub-block.
Depending on the size of the sub-black, not all these pins
will be used.

RBCY (Replacement Bus Cycle Start) Thus active-low
output signals the start of a replacement bus cycle or a
dump cycle.

SRDY (System Ready). This active-low input is asserted
by the system bus interface or shared memory control
logic when the bus operation that the pPD71641 re-
quested has been completed. The uPD71641 will pass
this signal through to the CPU via its CRDY output.
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BRC (Burst Replacement Cycle). This active-high in-
put determines on a cycle-by-cycle basis if the replace-
ment cycle is to use a burst data transfer.

BERR (Bus Error). This active-low input signals a sys-
tem bus error_If the current cycle is a replacement
operation, RT/BY can be used to either abort the cycle or
try it again. If the current cycle is a cache bypass (such
as a CPU data write cycle), the uPD71641 will assert its
MISS output to let the CPU know that the operation did
not complete.

RT/BY (Retry/Bypass). When BERR has been detected,
the uPD71641 uses the state of this input pin to decide
whether to abort the cycle (RT/BY = 0) or to retry the
cycle (RT/BY = 1).

This input is also used to implement external write
buffering, or a “posted write” system write perfor-
mance. Normally, during a CPU data write cycle, both the
CPU and the uPD71641 are suspended waiting for the
write cycle to end. However, if the RT/BY input is high, the
uPD71641 will not wait for SRDY. It will immediately end
its internal cycle and go into the Ti state, allowing the
uPD71641 to begin processing the next CPU bus cycle if
one is available. External logic can finish the write cycle.

Other Signals

RESET (Reset). This active-high input will reset the
uPD71641. All tag stores will be invalidated, all preset
commands will be cleared, and all status bits will be
cleared. The cache will be disabled until enabled by the
software command. RESET must be asserted for at least
10 clock pulses.

PURGE (Purge). This active-high input will purge all the
tag stores when it is asserted. An identical software-
generated PURGE operation is also available.

PURGE may be used to invalidate the cache tag store in
the event the bus monitoring function is unable to keep
up with external bus activity.

The PURGE input must be asserted until the purge
operation is complete. This takes a maximum of 5 clocks,
s0 PURGE must be asserted for at least 5 clocks.

CLK (Clock). This is the uPD71641 clock and should be
sychronized to the CPU clock.

IC. Internally connected; leave disconnected.
Vpp- Supply pins for +5 V power supply.
GND. Supply pins for power ground.

Block Diagram

ClK O
RESET O—»

Voo © Diagnosis

GND © Sequencer

LA Mooy ——__I—‘> Cacz'fl')‘;:;w $ Valkd F/F Amay
Party x ? (256 x 2 x 4 ways)
(21 bits X 256 x 4 ways) <—
A 31-A3 ? T
MA31 -MA3
I LRU I
DPAR  O—~
P Status Comparator Comparator
FAULT Registers e i O PURGE
FATAL O
O MAS

— le—0  RACK

BCY o—»] : -0 SRDY

: Bus Interface Control Replace Sequencer
AHIT O-=e— Main Sequencer : CPU Interface Control : l*—0  BERR
ol : : a0 RTAY
CS RW CMD BYPi MISS BYPO_CRG.CRO _CW3CWO D30 RAs-RAo RCs -RCo PAE RREG  RBOY = BURST
CR21-CR20 CW21-CW20 o0
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Figure 1. Memcry Size Expansion
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INTERNAL BLOCK FUNCTIONS
Dual-Port Address Tag Memory

Dual-port address tag memory is dual-port memory that
decodes the index field input independently from the
CPU side and monitor side and outputs the contents of
the memory (block entry) as address tag. When a mis-hit
occurs during CPU access, a new block address is
registered.

Valid Bit Memory

Valid bit memory is a group of flags that indicate whether
each block entry Is valid or invalid. These flags are set
each time the replacement of a sub-block is completed,
and reset upon a monitor hit.

Comparators

Two comparators are provided. One is for the CPU side
and the other is for the monitor side. The comparator on’
the CPU side is used to check if the address tag regis-
tered in the directory coincides with the address used to
access the system bus.

Parity Generator

The parity generator generates the parity for the address
tag associated with CPU accessing, and compares it
with the address parity registered in the directory. This
compare operation is performed simultaneously with the
CPU address comparison. When a mis-hit occurs, the
generated parity is registered together with the new
address.

Status Register

The status register indicates reduction data related to
parity errors or multi-hit errors. In addition, it also indi-
cates whether or not the uPD71641 is in the fatal state.

LRU and LRU Memory

LRU and LRU memory manage the CPU block accessing
order and perform LRU calculations based on valid bit,
error status, number of associative units, etc.

Main Sequencer

The main sequencer decodes the bus cycle signals (BCY,
CS, RW, BYPI, CMD, etc.) generated by the CPU, and
generates the timing for the basic cache memory oper-
ation cycle. The main sequencer determines whether the
accessing is a cache memory access, a cache memory
bypass access, or a cache command access. The main
sequencer enters the standby state when the replace
sequencer is in operation.

CPU Interface Controller

The CPU interface controller generates a normal/not-
normal response (data acknowledge, bus error, fatal
error, etc.).

Beplace Sequencer

The replace sequencer regenerates the replace timing
and replace count value when a mis-hit occurs.

Bus _Interface Control Block

The bus interface control block generates the read/write
strobe signal to the external cache data memory.

Table 1 describes each of the bus states. Flgure 3isa
state diagram for the bus interface.

Table 1. Bus Interface States
Bus State Description
Ti Idle state. Waiting for BCY and TS to be asserted.

T2 First state of any cacheable CPU cycle or IO cycle to
uPD71641 registers, T2 Is the dispatch state that
decides whatthe uPD71641 will do. If there is a cache hit
or a 2-clock cycle request, T2 Is also the last active state.
it there Is a miss, Tm Is entered. If this is a cache write
cycle, Tb is entered. Tc is entered if it Is a pPD71641
command cycle.

Te Command Mode state. If this is a xPD71641 command
cycle, the Tc s entered following T2, then repeated
before returning to the idle state.

Miss state. Entered if there is cache read miss. The
system bus is requested, and the RTi state is entered. if
RACK is already asserted, the RT state sequence is
‘entered.

Replacement Transfer Idle state. Waits for the system
~ bus to be granted via RACK, then transitions to RT1.

First Replacement Transfer state. While RACK Is on,
procéeds directly to RT2.

Second replacement transfer state. Waits for SRDY to be
asserted, indicating the system bus memory is ready to
begin the transfer, the goes to RT3.

Third RT state. The read data is written to the cache data
store, and If the sub-block transfer is complete or the
transfer is aborted, the RTw state is entered. If not
complete, and burst transfers are not requested, a
return is made to RT1 to begin another single-word
transfer. If in burst mode, RT4 Is enered to get the rest of
the sub-block. If a retry is requested, RTr is entered.

Fourth RT state. Used only for burst transfers, which
take two clocks each. Until replacement is complete, the
state machine ping-pongs between RT4 and RTS5. The
data Is written at RT5.

Last RT state. Accepts data from burst transfers. if the
transfer is over, RTw is entered. On a retry request, RTr
is entered.

Tm

RTI

RT1

RT2

RT3

RT4

RTS
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Table 1. Bus Interface States (cont)

Bus State Description

RTr RT retry state. Transitions dlrectly to RT1 which begins
the cycle again.

RTw RT recovery state. During this state, if the replacement
was successful, the uPD71641 tag store is updated, and
the data that the CPU requested Is made available. If the
cycle was aborted, the bypass state is entered.

Tb Bypass state. The bypass cycle was started by T2so Tb
walts for the system memoryto respond with SRDY, then
returns to Ti.

Tt Fatal error state. If during Tm an unrecoverable error

occurs, Tf is entered to record the error, then a bypass
cycle Is entered by going to Tb.

Figure 3. Bus State Diagram

Diagnosis Sequencer-

The diagnosis sequencer consists of the directory trace
sequencer and the internal diagnosis sequencer. The
directory trace sequencer performs cache self-
diagnostics and dump processing. The internal diagno-
sis sequencer sequentially generates the memory diag-
nostics data for the issuance of internal diagnostics
commands, and the collects the data.
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ELECTRICAL SPECIFICATIONS -AC Characteristics (cont)

) Parameter Symbol Min Max Unit Condition
abjgéyge Maximum Ratings CLK low-level width  ty 20 ns Vya=17V
Supply voltage,Vop 0510 +70v  ChKrisetime tRK 8 ns 17to30V
Input voltage CLK fall time tek 3 ns 3.0to17V

Other than CLK, V4 -0.510 Vpp +0.3V Reset, Purge

CLK Vip -0.51t0 Vpp +1.0V :::;(bef ofresst  tcykrs 10 tcyk CL = 100 pF
Output voltage: Yo =08 10 Yoo +03V RESET setup time  tsprsk 7 ns
Operating temperature range, Topt -10to +70°C (vs. CLK )
Storage temperature range, TsTag -60t0 +150°C  RESET retention  tikms s e

time (vs. CLK J
Exposure to Absolute Maximum Ratings for extended periods may ¢ )

affect device reliability; exceeding the ratings could cause permanent ~ Numberof purge  tcykea 8 toyk
damage. clock
PURGE setup time  tgpgk 7 ns
Capacitance (vs. CLKY)
Ta = +25°C; Vpp = GND = OV PURGE retention  tukpg 8 ns
Parameter Symbol Min Max Unit Condition time (vs. CLK {)
Input capacitance C 15 pF = 1MHz CPU Input
unmeasured
Output capacitance Cg 15 pF pins returned Address setup time  tgak 5 ns - C_ = 100 pF
Input/output Co 15 pF  toOV (vs. CLKY)
capacitance Address retention  thka 15 ©ns
time (vs. CLK 1)
DC Characteristics . BCVsetuptime  tspck 7 ns
Ta = -10t0 +70°C; Vpp = +5.0V £10% (vs. CLK
Parameter Symbol Min  Max  Unit Condition BCY retention time  tykgc 8 ns
Input voltage, ViHt 22 Vpp +03 V  Otherthan CLK (va. CLK ) :
nion Viiz 40 Vpp+03 V CLK fvf_sgl'_"‘(PT;'m" tscsk 7 ns
::&Ut voltage, ViLy - -05 08 V  Other than CLK TS retention time _ frxos s ns
Viis -05 06 V CLK: (vs. CLK 1)
Output voltage, Voy 24 V oy = -400 pA CMD setup time’ tscMmK 7 ns
high (vs. CLK 1)
Output voltage,  Vo_ 0.45 V loL=32mA CMD retention tHkoM 8 ns
low time (vs. CLK 1)
Input leakage I +10 pA BYPI setup time tsBiK 7 ns
current (vs. CLK )
Output leakage o +10 BA BYF retention time  tig 8 ns -
current (vs. CLK )
Operating lop 250 mA fiy = 20MHz R/W setup time tsSRWK 7 ns
current (vs. CLK %)
RMW retention time  tyxgw 8 ns
AC Characteristics (vs. CLK 1)
Ta = ~10to +70°Ci Vpp = +5V 5% CLAMP setup time  tgcpx =~ 25 ns
Parameter Symbol Min Max Unit Condition (vs. CLK 1)
Clock CLAMP retention tHkcp 0 ns
ime (vs. CLK
Clock frequency toyk 50 125 ns ;T/'Y(v c ‘T)
BY setup time t 7 ns
CLK high-level Wk 20 ns  Via = 3.0V (vs, GLK ) SATK

width




pPD71641

NEC

AC Characteristics (cont)

Replace/Bypass Timing Specifications

Parameter Symbol Min Max Unit Condition Parameter Symbol Min Max Unit Conditions
RTBY retention  tucar 8 ns CL = 100 pF BRCsetup time  tsgpx 7 ns G, = 100 pF
time (vs. CLK ) (CLK Y
DPAR setup time tspPK 7 ns BRC hold time tHKBR 8 ns
(vs. CLK Y) . (CLK Y
DPAR retention tuop 8 ns CLK * - RREQ tDKRRQ 25 ns
time (vs. CLK {) valid delay :
RACK setup time tSRKK 7 ns
CPU-Side Output Timing Specifications {CLK )
Paramoter ‘ Symbol Max Unit Condition RACK hold time thkak 8 ns
Add valid — AHIT delay toaan 50 nms G =25pF (CHKY
CLK!— CROY valld delay  tpxcmy 25 ns CL = 100 pF dceﬁ:y‘ —FRAE valld  toknae ns
CLK ! - MISS valid delay. toxms 25 ns CLK T — RBGY T "
CLK 1 — BYPO valid delay tokgo 25 ns valid delay
CLK 1 — TR0 - CR3 ! delay tokcR, 25 ns CLKT—=RCvalid tpkrc ns
CLK|—TCRO-CR3 tdelay  tpxcm 25 hs delay
OLK L — CW0 - CW3 valld delay toxow 25 s g;:yf" RCfloat  trknc ns
CLK®—+TR20-CR2T {dolay tpkcpo 25 s SADY sotup time Yeervk 7 e
CLK | — CR20 - TR21 1 delay tokcRoH 25 ns (CLK Y
CLK!—-TW20-CW21delay tpkcwz 25 ns SROY hold time tyksry 8 ns
CLK 1 — FATAL valid delay tokFT 25 ns (CLKY
CLKT— FAULT valid delay  tokr. 25 Ns (ECESF;“”" time  tsgex 7 ns
Command Access/Bus Monitor Timing BERRholdtime  tuee 8 ns
Specifications (CLK Y
Parameter Symbol Min Max Unit COnQItlons DUMP -nm'ng Speciflcatlons
RAQ-RA3 setup time (CLK 1) tspak 10 ns OL=100PF  parameter  Symbol Min Mex Unit Conditions
RAO-RA3 hold time (CLKT) tykpa 10 ns LKL > MAoMAar tomrn % ™ O, = 100pF
Dyg-D3 setup time (CLK 1) tspk 15 ns delay
Dg-D3 hold time (CLK 1) thko 8 ns CLK{ - MA3-MA3;  trkva ns
Do-Dj valid delay toko ' 25 ns floating
Do-Dj float delay trkD ns
MA hold time (CLK {) thkma 8 ns
MA setup time (CLK J) tsmak 15 ns
MAS hold time (CLK J) tukms 10 ns
MAS setup time (CLK ) tsmsk 10 ns

10
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Timing Waveforms
AC Test In/Output (except CLK) Reset/Purge Timing
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CPU Input
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CPU Output
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Command Access Timing
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Bus Monitor Timing
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Replace Timing
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Section 6
Development Tools

CC70116
V-Series C Gompiler

6a

DDK-70320
Evaluation Board for V25 Microcomputer

6b

DDK-70330
Evaluation Board for V35 Microcomputer

6¢c

IE-70136
In-Circuit Emulator for uPD70136 (V33)
Microprocessor

6d

IE-70136-PC
In-Circuit Emulator for uPD70136 (V33)
Microprocessor

6e

IE-70208, IE-70216
In-Circuit Emulators for pPD70208 (V40) and
pPD70216 (V50) Microprocessors

6f

IE-70320
In-Circuit Emulator for uPD70320/70322 (V25)
Microcomputers

6ég

1E-70330
In-Circuit Emulator for pPD70330/70332 (V35)
Microcomputers

6h

RA70116
Relocatable Assembler Package for V20-V50
Microprocessors

6i

RA70136
Relocatable Assembler Package for V33
Microprocessor

6]

RA70320 .
Relocatable Assembler Package for V25/V35
Microcomputers

6k

V25/V35 MINI-IE Plus
In-Circuit Emulator

61

V40/V50 MINI-IE
In-Circuit Emulator

em
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CC70116
V-Series C Compiler

Description

The CC70116 C Compiler package converts standard C
source code into relocatable object modules for the NEC
V20® (4PD70108), V30® (uPD70116), V40™ (1PD70208),
and V50™ (uPD70216) microprocessors and the V25™
(uPD70320) and V35™ (uPD70330) single-chip micro-
computers. These modules are compatible with those
produced by the RA70116 V20-V50 Relocatable Assem-
bler package and the RA70320 V25/V35 Relocatable As-
sembler package and may be linked with other modules
using the appropriate linker provided with the assembler
package.

Features

O Standard Kernighan and Ritchie C
— Defined in UNIX System IlI

O Supports small and large memory models

0 NEC enhancements

— Enumeration data type support

— Assignment of all members by a structure name

— Ability to use identical names in identifiers of
different types in different structures

— Addition of a void type to declare functions with
no return value

— Addition of char as a data type for which
unsigned can be specified

— Ability to initialize structures with bit fields

0O CC70116 library conforms to UNIX System lll
specifications
— MS-DOS® and CP/M-86® dependent functions
included )

O C macros for sorting and converting ASCII code
characters

O User-selectable object code optimizer

V20 and V30 are registered trademarks of NEC Corporation.

V25, V35, V40 and V50 are trademarks of NEC Corporation. -

UNIX is a trademark of AT&T..

CP/M-86 is a registered trademark of Digital Research Corporation.
MS-DOS is a registered trademark of Microsoft Corporation.

VAX, VMS, and Ultrix are registered trademarks of Digital Equipment
Corporation. . .

50222

O Runs under a variety of operating systems
— MS-DOS
— VAX/VMS®
— VAX/UNIX™ 4.2 BSD or Ultrix®

Ordering Information

Part Number Description

CC70116-D52 MS-DOS, 5" double-density floppy diskette
CC70116-VVT1 VAX/VMS, 9-track 1600BP| magnetic tape
CC70116-VXT1 VAX/UNIX 4.2 BSD or Ultrix, 9-track 1600BPI

magnetic tape

Extensions to Standard C

Enumeration data type: Similar to the enumerated type in
Pascal, this allows the definition of a limited set of
[mnemonic] values for a variable, thus preventing as-
signment of invalid values to the variable.

Assignment of all members by a structure name: Allows
assignment of all the members of a structure from
another structure of the same type simply by using the
names of the structures.

Ability to use identical names for identifiers of different
types in different structures: Allows the same member
name in two different structures to have a different name
in each.

Addition of a void type: Prevents the use of functions
which return no value in expressions where a return
value is required.

Addition of char as a data type for‘which unsigned can
be specified: Allows the full 8 bits of the char data type to
be used as a value, rather than only the low-order 7 bits.

Ability to initialize structures with bit fields: Allows
structure with bit-field members to be initialized via the
C construct.

Compiler Options

The CC70116 C Compiler supports the following options
during compilation.

A . Generates assembly language listing

B Specifies drive for compiler phases

(o] Leaves comments in C source image file (used
with P) '

D Defines a name
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E Outputs C source image to a standard output fdopen Iseek* gsort strncpy
device after only compiler control line fflush mktemp rand swab
processing fgetc mpmi* read* ungetc
H Generates an object module for the interrupt fgets mpm2* rewind unlink*
handling section of RX116 (realtime operating ~ fopen mpm3* sbrk write*
system) fprintf mpm4* scanf
- . . : fputc mpm5* setbuf
| Specifies drive for include files fputs mpm6* sprintf
NS Suppresses symbol table information in object
module cMm
(o] Selects optimization acros
P Outputs C source image to a file after only Included with the C compiler are C macros for sorting
compiler control line processing and converting ASCIl code characters. These macros
T Limits.compiler phases to be input from drive  &re listed below.
selected by B option ol ' h . h isxdiait
U Nullifies the initial definition of the name —iolower ge! cnar !slgrap Isxclgt
defined by D option —toupper sainum s ower pute
feof isalpha isprint putchar
X Generates object code for the large model ferror isascii ispunct toascii
fileno iscntrl isspace
Memory Models getc isdigit isupper
The CC70116 supports the small and large memor
upp all and large memory  gyart.Up Modules

models. With the small model, a total of 128K bytes of
memory can be accessed: 64K bytes for data and 64K
bytes for code.-With the large model, up to 1M byte of
memory can be accessed for code and data. In addition,
data constants can be permanently encoded into the
ROM space. Programs using the small memory model
are more efficient in terms of space utilization .and
execution speed and are recommended when your pro-
gram can fit into one data and one code segment.

CC70116 Library Functions

The CC70116 C Compiler library conforms to the UNIX
System Il library specifications. Some library routines
are operating system dependent and may only be used
to create programs that run under MS-DOS or CP/M-86;
other functions do- not call the operating system, and
may be used in any program.

In the list below, the asterisk (*) means user system,
MS-DOS, or CP/M-86 dependent.

abort* fread MSDOS1* srand
abs freopen MSDOS2* sscanf
access* fscanf MSDOS3* strcat
atoi  fseek open* strchr
atol ftell perror stremp
close* fwrite printf strcpy
creat* getchar putchar strlen
exit* gets puts strncat
fclose getw putw strnemp

Six small and large start-up modules are included in the
CC70116° C Compiler package to initialize programs
generated by the compiler: modules for embedded sys-
tems; modules for executing programs under the MS-
DOS operating system; modules for executing programs
under the CP/M-86 operating system.

Operating Environment

The CC70116 package can be supplied to run under a
variety of operating systems. One version is available for
an MS-DOS system with one or more disk drives and at
least 128K bytes of system memory. Other versions are
available to run on a Digital Equipment Corporation VAX
computer with UNIX 4.2 BSD or Ultrix or VMS (Version
4.1 or later) operating systems.

To produce executable programs, a linker (LK70116 or
LK70320) and a hexadecimal object code converter
(OC70116 or OC70320) program are required and the
librarian (LB70116 or LB70320) program is useful. These
programs.are available separately from NEC Electronics
Inc. as part of the RA70116 V20-V50 Relocatable Assem-
bler package or the RA70320 V25/V35 Relocatable As-
sembler package.

The linker produces an absolute load module containing
both symbol and source code line humber information
and the absolute object code. This module may be
loaded directly into the appropriate NEC in-circuit emu-
lator for execution with full symbolic debug capabilities.
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The hexadecimal object code converter produces an
extended hexadecimal format object code file that may
be loaded into a PROM programmer.

Documentation

For further information on source program format, com-
piler operation, and actual program examples, the fol-
lowing documentation is furnished with the CC70116
compiler package. Additional copies may be obtained
from NEC Electronics Inc.

® CC70116, V-Series C Compiler Operation Manual
(MS-DOS)

e CC70116, V-Series C Compiler Operation Manual
(VMS)

e CC70116, V-Series C Compiler Operation Manual
(UNIX)

License Agreement

CC70116 is sold under terms of a license agreement that
must be completed and returned to NEC Electronics
before the C compiler is shipped. A copy of this license
agreement may be obtained from any NEC Electronics
Sales Office. Software updates are provided to regis-
tered users.
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NEC Electronics Inc.

DDK-70320
Evaluation Board
for V25 Microcomputer

Description

The DDK-70320 is an evaluation board for NEC's
uPD70320 (V25™) 16-bit, single-chip microcomputer.
The DDK-70320 gives you maximum flexibility when
evaluating and designing with the uPD70320. It features
a pPD70320 with 32K bytes of EPROM, 32K bytes of
RAM, two RS-232C communication ports, and a power-
ful monitor program. The DDK-70320 is on an IBM PC
compatible card and includes a prototyping area for
building your application-specific hardware.

A copy of RA70320, the V25/V35™ Family Relocatable
Assembler package for use on an IBM PC, PC/XT®, PC
AT®, or compatible host computer, is shipped with each
DDK-70320 to allow you to develop code for evaluation
purposes. Also included with the DDK-70320 is an emu-
lator controller program for the IBM PC, a variety of
V-Series software utilities, a small demonstration pro-
gram, and a complete set of documentation. This total
package provides you with a fast, efficient means for
evaluating the capabilities of the uPD70320 for your
application.

Features

O wPD70320 (V25) Evaluation Board with power supply

O On-board memory
— 32K-byte EPROM (user expandable to 64K bytes)
— 32K-byte RAM (user expandable to 64K bytes)

O Powerful on-board debug monitor
— Real-time and single-step operation
— Display/change memory and internal registers
— Display/change special-function registers
— Line assembler and disassembler
— Multiple software breakpoints
— Input/output from I/O ports
— User program download capability

O Two RS-232C serial interfaces
— One for a terminal or host computer
— One for a user application

Prototyping area for user circuitry
IBM PC card form factor
RA70320 V25/V35 Relocatable Assembler package

Host control software for IBM PC, PC/XT, PC AT, or
compatibles

O V-Series software utilities and demonstration
programs

o o o o
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Ordering Information
Part Number
DDK-70320

Description
#PD70320 Evaluation Board

V25 and V35 are trademarks of NEC Corporation.
PC/XT and PC AT are registered trademarks of International Business
Machines Corporation.

DDK-70320 Evaluation Board

Hardware

The DDK-70320 (figure 1) features 64K bytes of on-board
memory: 32K bytes of EPROM and 32K bytes of RAM.
The EPROM area, which is dedicated to a powerful
monitor program, can be expanded up 64K bytes. The
RAM area can also be expanded to 64K bytes and
contains the interrupt vector space, the monitor work
area, and a user area for program downloading.

A pPD71051 serial communications controller is con-
nected through an RS-232C driver/receiver to a DB25 pin
connector. The monitor uses this serial interface to
communicate with an external terminal or host com-
puter. A second RS-232C channel is connected to serial
port 0 of the V25 for user applications.

A RESET switch returns the DDK-70320 to the power-up
state with or without losing the contents of the external
RAM. An NMI switch returns control to the monitor from
a user program while saving the user’s state.

An ac/dc converter supplies power to the DDK-70320 in
the stand-alone mode. The DDK-70320 can also receive
its power directly from the IBM PC bus.
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Software

The DDK-70320 comes with a powerful interactive mon-
itor to facilitate software design using the uPD70320. A
user program can be downloaded into user RAM and
executed in realtime with or without breakpoints, or it
can be executed one instruction at a time. During
single-stepping; the registers, program counter, and the
next instruction to be executed are displayed.

Figure 1. DDK-70320 Block Diagram

The DDK-70320 has 10 address breakpoints, which are
set in the GO command line. The monitor sets. a break-
point by substituting a BRK 3 instruction (opcode CCH)
for an instruction in the user's program.

Additional commands_are available to display, fill,
change, or move memory: display or change the general-
purpose”and special-furiction registers; input from or
output to an J/O port; disassemble memory; assemble a
line of source code; and display the command list. Table
1 lists all of the DDK-70320 monitor commands.

Ijojmimiol>»

K1 eprom
Address/Control Bus o N
Buffers :>
‘ | 'sRAM
vas 9/‘51231’2“5 Bus
Data Bus .
Buffers (:—____:> ‘
= <:> Expansion
. - Connector
' BOYL-66968
Table 1. DDK-70320 Command List RA70320 Relocatable Assembler
Command Description Package
A(ssemble) a line of source code - The RA70320 Relocatable Assembler package converts
D(ump) memory symbolic source code for NEC's V25/V35 family of mi-
E(nter) memory crocomputers into executable absolute address object
F(ill) memory code. A copy of RA70320 is included with the DDK-70320
YR AT ——— foruse onan IBM PC; PC/XT, PC AT, or compatibles. With
(0) with optional breakpoints this software; you can easny write evaluat:on \programs
H(elp) menu for the pPD70320.-
1 I{nput) a byte from an l/O port )
L L(oad) a HEX file onto the DDK-70320 Emulator Controller 'Program V
M M(ove) a block of memory Absolute address object files produced by the RA70320
0 O(utput) a byte to an /O port Relocatable Assembler package can be downloaded to
R R(egister) display/alter Rreg] the DDK-70320 using the NEC Emulator Controller pro-
p S(pedia) fanetion register display/al gram supplied with the DDK-70320. This controller pro-
pecial) function fegister display/aiter gram allows you to download files from your IBM PC or
T. T(race) execution compatible to the DDK-70320 board. The program pro-
U U(nassemble) a block of mernory vides the following additional-capabilities.:
5 :

Help) menu

Complete DDK-70320 control from host console
On-line help facilities
Host system directory and file display

[ ]
[ ]
[ ]
e Storage of debug session on disk "
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Documentation

For further information, refer to the DDK-70320 User’s
Manual supplied with the evaluation board. Additional
copies may be obtained from NEC Electronics Inc.

License Agreement

RA70320 is provided under the terms of a license agree-
ment included with the DDK-70320 board. The accom-
panying card must be completed and returned to NEC
Electronics Inc. to register the license. Software updates
are provided to registered users.
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NEC Electronics Inc.

DDK-70330

Evaluation Board
for V35 Microcomputer

Description

The DDK-70330 is an evaluation board for NEC's
pPD70330 (V35™) 16-bit, single-chip microcomputer.
The DDK-70330 gives you the maximum flexibility when
evaluating and designing with the uPD70330. It features
a uPD70330 with 128K bytes of EPROM, 128K bytes of
RAM, two RS-232C communication ports, and a power-
ful monitor program. The DDK-70330 board includes a
prototyping area for building your application specific
hardware.

A copy of RA70320, the V25™ /V35™ Family Relocatable
Assembler package for use on an IBM PC, PC/XT®, PC
AT®, or compatible host computer, is shipped with each
DDK-70330 to allow you to develop code for evaluation
purposes. Also included with the DDK-70330 is an emu-
lator controller program for the IBM PC, a variety of
V-Series software utilities, a small demonstration pro-
gram, and a complete set of documentation. This total
package provides you with a fast, efficient means for
evaluating the capabilities of the uPD70330 for your
application.

Features

0 uPD70330 (V35) Evaluation Board with power supply

o On-board memory
— 128K-byte EPROM
— 128K-byte RAM (user expandable to 512K bytes)

0 Powerful on-board debug monitor
— Real-time and single-step operation
— Display/change memory and internal registers
— Display/change special-function registers
— Line assembler and disassembler
— Multiple software breakpoints
— Input/output from 1/O ports
— User program download capability

o Two RS-232C serial interfaces
— One for a terminal or host computer
— One for a user application

O Prototyping area for user circuitry
0 RA70320 V25/V35 Relocatable Assembler package

V25 and V35 are trademarks of NEC Corporation.
PC/XT and PC AT are registered trademarks of International Business
Machines Corporation.
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O Host control software for IBM PC, PC/XT, PC AT, or
compatibles

o V-Series software utilities and demonstration
programs

Ordering Information

Part Number Description
DDK-70330 wPD70330 Evaluation Board
Hardware

The DDK-70330 (figure 1) features 256K bytes of on-
board memory: 128K bytes of EPROM and 128K bytes of
RAM. The EPROM area includes a powerful monitor
program and a user area. The RAM area can be ex-
panded to 512K bytes by replacing the 64K x 4 dynamic

RAMS with 256K x 4 dynamic RAMS. This RAM space

contains the interrupt vectors, the monitor work area,
and a user area for program downloading.

A pPD72001 multiprotocal serial communications con-
troller is connected through an RS-232C driver/receiver

to a DB25 pin connector. The monitor uses this serial

interface to communicate with an external terminal or
host computer. A second RS-232C channel is available
for connection to the second channel of the uPD72001 or
one of the serial ports of the uPD70330 for user applica-
tions. DMA interface circuitry between the uPD72001
and the V35 is provided to allow the you to evaluate the
DMA capabilities of both devices.

A RESET switch returns the DDK-70330 to the power-up
state with or without losing the contents of the external

RAM. An NMI switch returns control to the monitor from
a user program while saving the user’s state. An ac/dc.

converter supplies power to the DDK-70330.
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Figure 1. DDK-70330 Block Diagram
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Software

The DDK-70330 comes with a powerful interactive mon-
itor to facilitate software desigh using the uPD70330. A
user program can be downloaded into user RAM and
executed in real-time with or without breakpoints, or it
can be executed one instruction at a time. During
single-stepping, the registers, program counter, and the
next instruction to be executed are displayed.

The DDK-70330 has 10 address breakpoints, which are
set in the GO command line. The monitor sets a break-
point by substituting a BRK 3 instruction (opcode CCH)
for an instruction in the user’s program.

Additional commands are available to display, fill,
change, or move memory; display or change the general-
purpose and special-function registers; input from or
output to an I/O port; disassemble memory; assemble a
line of source code; and display the command list. Table
1 lists all of the DDK-70330 monitor commands.

Table 1.
Command

DDK-70330 Command List
Description

A(ssemble) a line of source code

D{ump) memory

E(nter) memory

F(il) memory

G(o) with optional breakpoints

H(elp) menu

I{nput) a byte from an I/O port

L(oad) a HEX file onto the DDK-70330
M(ove) a block of memory

O(utput) a byte to an I/O port
R(egister) display/alter R[reg]

S(pecial) function register display/alter

T(race) execution

U(nassemble) a block of memory

wDjc|H|e|TB|Oo|Z|r|{T|T|o|M|m|O|>

H{elp) menu

RA70320 Relocatable Assembler Package

The RA70320 Relocatable Assembler package converts
symbolic source code for NEC’s V25/V35 family of mi-
crocomputers into executable absolute address object
code. A copy of RA70320 is included with the DDK-70330
foruse on an IBM PC, PC/XT, PC AT, or compatibles. With
this software, you can easily write evaluation programs
for the uPD70330.

Emulator Controller Program

Absolute address object files produced by the RA70320
Relocatable Assembler package can be downloaded to
the DDK-70330 using the NEC Emulator Controller pro-
gram supplied with the DDK-70330. This controller pro-
gram allows you to download files from your IBM PC or
compatible to the DDK-70330 board. The program pro-
vides the following additional capabilities.

o Complete DDK-70330 control from host console
o On-line help facilities

e Host system directory and file display

e Storage of debug session on disk

Documentation

For further information, refer to the DDK-70330 User’s
Manual supplied with the evaluation board. Additional
copies may be obtained from NEC Electronics Inc.

License Agreement

RA70320 is provided under the terms of a license agree-
ment included with the DDK-70330 board. The accom-
panying card must be completed and returned to NEC
Electronics Inc. to register the license. Software updates
are provided to registered users.



DDK-70330 N E C




NEC

NEC Electronics Inc.

IE-70136
In-Circuit Emulator
for yPD70136 (V33) Microprocessor

Description

The IE-70136 is a portable, stand-alone, in-circuit emu-
lator that provides hardware emulation and software
debug capabilities for the uPD70136 (V33™) 16-bit mi-
Croprocessor.

Real-time and single-step emulation—coupled with soft-
ware performance analysis, sophisticated memory map-
ping, symbolic debugging, macrofile command facili-
ties, user-programmable - breakpoints and trace
qualifiers—create a powerful development environment.

Command entry is simplified by eight dynamically re-
programmed function keys, called softkeys, that visually
prompt a user with the next level of commands. User
programs can be uploaded/downloaded from a variety of
host systems by a serial link or they can be loaded
directly from an MS-DOS® disk.

Features

O Portable, stand-alone, in-circuit emulator

— 9.5-inch amber CRT display

— Two 5-inch, 640K-byte floppy-disk drives

— ASCII keyboard with eight function keys

— EPROM programmer: 2732, 2764, 27128, 27256,
27512 .

— Supports NEC's V20®, V30®, V25™, V35™, V40™,
V50™, V53™, and V60™ microprocessors

O Precise real-time and single-step emulation
— Selectable internal clock: 8 MHz or 16 MHz
— Up to 16-MHz external TTL clock

o Emulation memory bus size selection

o 256K bytes of memory for prototype memory
emulation; mappable into 16M-byte address space in
4K-byte units

O Automatic break with disconnected target I/O
access

0 Six user-programmable hardware breakpoints
— Real-time break on address, data, CPU status, or
external input :
— Selectable as execution or nonexecution

O 256 user-programmable software breakpoints
V20 and V30 are registered trademarks of NEC Corporation.
V25, V33, V35, V40, V50, V53, and V60 are trademarks

of NEC Corporation.
MS-DOS is a registered trademark of Microsoft Corporation.
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O Trace buffer: disassemble, frame, and code trace
display :
— 8192 frames by 64 bits
— Programmable enable/disable points

0 Performance modes available for software
performance evaluation: time interval, module
activity, and count modes

Full symbolic debug capabilities
Symbolic line assembler and disassembler
Macrofile command capability

Dual window display in emulation mode
Softkey and menu-driven user input

System commands are available while in emulation
mode

O o0 o0 o o o

Ordering Information
Part Number

Description

IE-70136-A016 In-circuit emulator for uPD70136 (V33)
EP-70136L-A 68-pin PLCC/PGA emulation probe/socket
EP-70136GJ-A 74-pin plastic QFP emulation probe

HARDWARE DESCRIPTION

The IE-70136 (figure 1) consists of a system chassis with
a detachable ASCII keyboard and an emulation pod unit.
The chassis houses a 9.5-inch amber CRT, two 5-1/4
inch, 640K-byte floppy-disk drives, an EPROM program-
mer, a card cage, a power supply, and three control
boards. The boards are main CPU, expansion system
memory, and emulation pod interface.

The main CPU board contains a supervising CPU, 512K
bytes of system memory, and the peripheral interfaces.
The expansion system memory board provides an addi-
tional 512K bytes of system memory.

The emulation pod interface contains the clock selection
logic, emulation bus sizing switch, and enabling of the
RDY and BS8/BS16 signals from the target to emulator
memory. The emulation pod contains the V33 EVACHIP,
external event input, trigger out, and target interface.
This  unit connects to the target system by the EP-
70136L-A emulation probe for the 68-pin PLCC/PGA. For
the 74-pin plastic QFP, an EP-70136GJ-A probe adapter
is also needed.
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The IE-70136 supports the following external interfaces:
two RS-232C serial ports, one Centronics parallel printer
port, and one RGB video output.

The emulator can be converted to support NEC's V20,
V25, V30, V35, V40, V50, V53, and V60 CMOS micropro-
cessors by exchanging the appropriate control boards
and the emulation pod unit.

Figure 1. IE-70136 System Configuration

Memory and I/0 Mapping Capabilities

The IE-70136 contains 256K bytes of zero wait-state
emulation memory; 252K bytes are available for emulat-
ing target RAM (read/write) or ROM (read only) and the
remaining 4K bytes are reserved for use by the system
monitor.

The complete 16M-byte memory space of the xPD70136
must be mapped into one of the folﬂloWing categories.

Target Memory resident in target system (read/
write)

ROM External ROM emulation memory (read
only)

RAM External RAM emulation memory (read/
write)

Locked Access inhibited memory (remammg

unmapped addresses)

All memory mapping is executed in 4K-byte blocks using
the Configure and Mapping softkey commands. If an
address mapped as "locked” is accessed or a write is
attempted to ROM, a break in the emulation will occur.

The I/O space of the uPD70136 is always mapped to the
target. If the probe is not connected to a target system, a
break will occur in emulation when any target 1/O is
accessed.

The target NMI and INT signals may be enabled or
disabled by the Configure command.

Emulation

The IE-70136 executes uPD70136 user programs in real
time in three different modes: break, trace, and perfor-
mance. In break emulation mode, the program is run in
real time or in single-step mode until a breakpoint is
encountered. In trace emulation mode, the program is
executed in real time while flllmg the trace buffer with
bus information.

In performance emulation mode, the emulator can:

(1) Measure the execution time between enable and
disable points

(2) Measure the accumulated execution time in three
areas of memory and then display the ratio of time
spent within each area in both absolute and rela-
tive terms

(38) Count the number of times a particular trigger
point is satisfied between enable and disable
points.

Once emulation is stopped in either break or trace mode,
the trace automatically displays one screen of data,
ending on the last.instruction executed. In performance
mode, time is shown in a table and in a bar graph. At this
point, it is possible to display the contents of memory,
the general-purpose and special registers, the symbol
tables, directories, and other information. All can be
displayed individually or in split screen with the trace
display. The windows may be scrolled independently.

Break Capabilities

The |E-70136 has six hardware breakpoints. Five can be
set to -occur in response to a real-time event with the
BCond command. The remaining one is reserved for
setting a real-time address (execution only) breakpomt
with the GO command.

You can use the BCond command to set breakpoints to
occur on an address, a data value, or a CPU state.
Hardware breakpoints can be either an execution or
nonexecution type. An execution break occurs when an
instruction is clocked into the execution unit of the V33.
A nonexecution break occurs when the bus condition is
satisfied regardless of the status of the instruction
queue.

An enable and disable point can also be specmed to
indicate when detection of hardware break and trace is
to start and stop. If not specified, trace and break
detection is enabled when the GO command is exe-
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cuted. The external channel can also be used to create
a breakpoint. Either the rising or falling edge can be
selected.

Up to 256 software breakpoints can be set plus an
additional one in the GO command. To set a software
breakpoint, the emulator replaces an instruction in the
user’s program with a BRK 0 instruction. A break will
occur-when this instruction is executed, and the user’s
program will be restored. This capability is not available
for program code executing out of ROM. A Check com-
mand is provided to verify that the breakpoint can
actually be set. ’

Trace Capabilities

The trace buffer is 8192 frames by 64 bits wide and
sampling is done on every machine cycle. The buffer is
filled in round-robin fashion. The emulator traces the
external address and data buses, the CPU and queue
status, and control signals.

The IE-70136 has five trace trigger points. When the
trigger condition is true, a positive logic pulse is output
on the TRIGGER OUT pin of the emulator pod. Separate
ENABLE and DISABLE points can be set to restrict
tracing or trigger detection to a particular section of
program code. If not used, tracing and trigger detection
will be enabled when the GO command is issued. An
address point can be set with the GO command to
record the trace after, about, or before the condition is
true. The external input can also be used as a trigger
point. Either a positive or negative edge can be speci-
fied. )

The trace data may be displayed in one of three modes:
disassembly, frame, or code. In disassembly mode, fetch
and execution cycles are displayed separately, and bus
cycles are rearranged so that a fetch cycle and its
associated execution cycle are displayed next to each
other. In frame mode, the CPU bus cycle conditions are
displayed as traced. In code mode, only the executed
fetch cycles are displayed. In disassembly and code
modes, the fetch cycle is displayed bright, the execution
cycle is dim, and a trigger point is indicated by reverse
video.

SOFTWARE DESCRIPTION

Software Performance Analysis

Using the |E-70136, software performance can be eval-
uated in real-time in any one of three different modes:
run-time interval mode, module activity mode, and count
mode. Improvements in software performance can be
statistically measured.

Run-Time Interval Mode. Execution time from the en-
able point to the disable point is repeatedly measured,
and the mean value, the maximum value, the minimum
value, and the distributed values are stored. The mea-
sured distribution values, from a maximum of six time
intervals, can be displayed graphically.

Module Activity. The accumulated execution time for
three areas of code (from enable to disable points) can
be measured. The ratio of time spent in each one
compared to the total measured time (ABS) and the ratio
of time spent in each one compared to the time spent in
all three areas (REL) can be displayed. If the overall
processing speed does not satisfy the desired speed,
the portion of the code taking more time can be deter-
mined and improved. This mode can be very effective for
increasing total throughput.-

Count Mode. The number of times a trigger point is
satisfied within an area of code (from enable to disable
points) can be counted. Up to four trigger points can be
set and the ratio of the number of times each trigger
point is satisfied to the total number of all triggers is
displayed.

Address Specification

An address can be specified as either a 24-bit absolute
address (beginning with a ;) or as a segment:offset
address. Segment:offset addresses can be either physi-
cal, addressing only the base 1M byte, or logical. Logical
addresses are converted to 24-bit physical addresses by
the emulator according to the address extension table
(EXPAND TABLE) specified by the SEText command.

There are two types of expand tables. One uses the MMU
(Memory Management Unit) in the CPU. However, con-
version is done only during a break if the XA flag is set.
Otherwise, no conversion is performed. A user-defined
expand table is independent of the MMU. This table is
defined by loading the extended linker locator output file
(EL70136), by definition in the program stage, or by
copying the contents of the MMU. With the user-defined
table,.conversion is performed regardless of the status of
the XA flag.

If the user-defined expahd table is selected, conversion
back to logical address is performed according to this
table when displaying trace results in disassembly mode.

System Software

The IE-70136 is controlled by the MIOS/U proprietary
operating system. Command input is simplified by eight
function keys, providing a choice of up to 24 softkeys
within any menu level. The dynamically reprogrammed
softkeys visually prompt with the next valid set of com-

3
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mands. The softkeys are at the bottom of the display
screen and correspond to the eight function keys on the
keyboard. To select a command, press a softkey. The
softkeys are automatically relabeled with the next set of
commands.

All system functions can be used in emulator mode. The
IE-70136 system software uses an overlay method so
that a necessary program is loaded when a command is
input and then executed. File handling, communica-
tions, and PROM writing can be performed during emu-
lation, reducing development time.

Table 1 shows some of the utility programs provided with
the emulator.

Table 1. IE-70136 Utility Programs

Utility Function

EMUV35 IE-70136 emulator software

KERMIT Communication program for file transfer
FILESERV  File management for system disks

EDITOR Full screen editor

FORMAT  Floppy-disk formatter

PROM Built-in EPROM programmer control program

TERMINAL Terminal utility program for file transfer between
emulator and another intelligent device

SYMBOL  Symbol table converter; converts non-SROC symbol

formats to SROC format

OBJCONV Object file converter: converts object files to and from
the Motorola SROC format

TIMESET  Internal battery backed-up clock and calendar setting
DEFINE Soft key definition
MDEVICE Disk format specification

Connecting to Host Systems

Host systems may be connected to the IE-70136 using
the RS-232C connectors at the rear of the machine.
Parameters such as baud rates, character length, parity,
and number of stop bits are software programmable to
suit the system being attached. The KERMIT communi-
cations program is supplied with the emulator and can
be used for uploading and downloading files. NEC cur-
rently provides KERMIT for the VAX® under VMS® and
UNIX™ 4.2BSD or Ultrix™, the IBM PC, IBM PC/XT®, IBM
PC/AT®, or compatibles under PC-DOS® or MS-DOS.

Files may also be transferred to the emulator via the
RS-232C ports using the TERMINAL utility. The emulator
acts as a terminal for data transfer.

Another means of loading files into the |IE-70136 is
available with the Multiple File Handler utility, a program

4

that runs in the emulator itself and is supplied as part of
the |IE-70136 package. The Multiple File Handler allows
the emulator to read MS-DOS disks, among others.

Symbolic Debug and Line Assembly/
Disassembly

The IE-70136 supports complete symbolic debugging of
programs produced by NEC’s RA70136 Relocatable As-
sembier Package and various third-party software pack-
ages, including those from Intel and Microsoft. The
symbols can be used as address and data constants in
break, trace, and emulation control commands and are
displayed during disassembly. A symbolic line assembler
is also available to make modifications to existing pro-
grams or to enter code from the keyboard.

SPECIFICATIONS

Table 2 gives the electrical, environmental, and physical
specifications of the equipment.

Table 2.
AC power

IE-70136 Specifications
90 to 132V, 50/60 Hz, 400 W maximum
Operating: +5 to +40°C
Storage: ~20 to +50°C
- Operating: 20 to 80%
Storage: 10 to 90%
Main chassis: 40 pounds
Pod and cables: 4-3/4‘pounds
19.7 x 16.7 x 8.7 inches

Temperature

Relative humidity
(noncondensing)

Weight

Dimensions (L x W x H)

DOCUMENTATION

The following manuals are supplied with the in-circuit
emulator. Additional copies may be obtained from NEC
Electronics Inc.

e |E-70136 In-Circuit Emulator User's Manual
o |E-70XXX-A Hardware User's Manual
o |E-70XXX-A Software Utilities User’'s Manual

VAX and VMS are registered trademarks of Digital Equipment
Corporation.

Ultrix is a trademark of Digital Equipment Corporation.

UNIX is a trademark of AT&T.

PC/XT, PC AT, and PC-DOS are registered trademarks of International
Business Machines Corporation.

MS-DOS is a registered trademark of Microsoft Corporation.
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NEC Electronics Inc.

IE-70136-PC
In-Circuit Emulator

for uyPD70136 (V33) Microprocessor

Description

The IE-70136-PC is a low-cost in-circuit emulator that
provides hardware emulation and software debug capa-
bilities for the NEC pPD70136 (V33™) 16-bit micropro-
cessor. It is designed to be used with an IBM PC, PC/XT®,
PC AT®, or compatible machine under PC-DOS® or

MS-DOS®.

Features

O Interfaces to host PC via a parallel interface
— PC interface card and cable included

0 Realtime and single-step emulation
— 16-MHz internal clock
— 2- to 16-MHz external clock )
— 65,535 instructions can be stepped in single
command

o One 64K-byte block of emulation memory

O Four user-programmable breakpoints
— Real-time break on address during instruction
fetch, data memory read/write, or 1/O read/write

V33 is a trademark of NEC Corporation.

IBM PC, PC/XT, PC AT, and PC-DOS are registered: trademarks of

International Business Machines Corporation.
MS-DOS is a registered trademark of Microsoft Corporation.

Figure 1. IE-70136-PC System Configuration

User-programmable software breakpoints

— 100 logical/physical address breakpoints
maximum

— Forced break possible

Memory display/fill/move capability in byte or word

format

— Access to normal or extended memory

— Disassembler

Macro/batch processing capabilities

O Direct access to PC-DOS and MS-DOS system

commands

LED displays for CPU status: RUN, NOREADY,
HOLD, HALT

Load/Save programs using Extended COFF, NEC

LNK, Intel Extended HEX, and Motorola SROC
formats

Ordering Information

Part Number Description
|IE-70136-PC In-circuit emulator for uPD70136/70332
EP-70136L-PC 68-pin PLGC/PGA emulation probe/socket
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IE-70208, IE-70216
In-Circuit Emulators

for yPD70208 (V40) and uPD70216 (V50)

Microprocessors

Description

The IE-70208 and. lE-70216 are portable, stand-alone,
in-circuit emulators providing both hardware emulation
and software debug capabilities for the NEC nPD70208
(V40™) and pPD70216 (V50™) 16-bit microprocessors.

Real-time and single-step emulation in both native and
8080 emulation modes—coupled with sophisticated
memory mapping, user-programmable breakpoints and
trace qualifiers, symbolic debug, and macrofile com-
mand facilities—create a powerful development environ-
ment.

Command entry is simplified by eight dynamically re-
programmed function keys, called softkeys, that visually
prompt the user with the next level of commands. User
programs can be uploaded/downloaded from a variety of
host systems by a serial link or loaded directly from an
MS-DOS® disk.

Features

D Portable, stand-alone, in-circuit emulator

— 9.5-inch amber CRT display

— Two 5-inch, 640K-byte floppy-disk drives

— ASCII keyboard with eight function keys

— EPROM programmer: 2732, 2764, 27128, 27256,
27512

— Supports NEC’s V20®, V25™, V30®, V33™, V35™,
V53™, and V60™ microprocessors

O Precise real-time and single-step emulation
— Programmable internal clock: 2 to 10 MHz in
1-kHz steps
— External clock: 2 to 10 MHz

O Memory and I/O space mappable in 1K-byte blocks
0 256K bytes of memory for prototype memory
emulation; expandable to 768K bytes

0 -Eight user-programmable hardware breakpoints
— Real-time break on address, data, CPU status, or
external probes
— Break on pass count and register, memory, or 1/O
values
— Selectable as execution or code fetch break

0 16 user-programmable software breakpoints

V20 and V30 are registered trademarks of NEC Corporation
V25, V33, V40, V50, V53, and V60 are trademarks of NEC Corporation
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O Trace buffer: machine cycle, mnemonic, and jump
trace display
— 1024 frames by 64 bits
— Programmable trigger point and trace qualifiers

O Eight optional probes for tracing target system
signals ‘

Full symbolic debug capabilities
Symbolic line assembler and disassembler
Macrofile command capability

Dual window display in emulation mode
Softkey and menu driven user input

o o o o o

Ordering Information
Package

Part Number

|E-70208-A010 In-circuit emulator for nPD70208 (with V40 pod)
|IE-70216-A010 In-circuit emulator for uPD70216 (with V50 pod)
|E-70000-2958 68-pin PLCC package emulation probe
|E-70000-2959 68-pin PGA package emulation probe
|1E-70208-2010 Optional pod unit for xPD70208 emulation
|IE-70216-2010 Optional pod unit for uPD70218 emulation
IE-70000-2954 Optional external logic probes

IE-70000-2957 Optional 512K-byte expansion emulation

memory

HARDWARE DESCRIPTION

The |E-70208/216 (figure 1) consists of a system chassis
with a detachable ASCil keyboard and an emulation pod
unit. The chassis houses a 9.5-inch amber CRT, two 5-1/4
inch 640K-byte floppy disk drives, an EPROM program-
mer, card cage, power supply, and three control boards.
The boards are main CPU, emulation control, and trace-
emulation memory.

The main CPU board contains the supervising CPU,
512K bytes of system memory, and the peripheral inter-
faces. The emulation control board controls the memory
mapping, event detection, and the break and emulation
CPU status circuitry. The trace-emulation board con-
tains a trace buffer and 256K bytes of external emulation
memory. The optional IE-70000-2957, a 512K-byte ex-
pansion emulation memory board, may be installed to
increase the external emulation memory to 768K bytes.
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The external emulation pod unit houses the emulation
CPU, high-speed buffers, and clock selection logic. The
emulation pod unit can be connected to the target
system with one of two emulation probes: IE-70000-2958
supports the 68-pin PLCC package and the IE-70000-
2959 supports the 68-pin PGA package. These probes
are ordered separately.

The |E-70208/216 supports the following external inter-
faces: two RS-232C serial ports, one Centronics parallel
printer port, an RGB video output, and eight optional
external logic probes. These probes (IE-70000-2954) can
be used for tracing and/or. breaking on signals from the
target system.

Ease of migration within the V-Series family of emulators
is provided in the system design. To alternate between
V40 and V50 emulation simply requires changing the
emulation pod unit. The emulator can also be converted
to support the V20, V25, V30, V33, V35, V53, and V60
CMOS microprocessors by exchanging the approprlate
control boards and the emulation pod unit.

Figure 1. IE-70208/216 System_Conflguration

Memory and I/O Mapping Capabilities

The |IE-70208/216 contains 256K bytes (expandable to
768K bytes) of emulation RAM (0 wait states) for emu-
lating external RAM or ROM. The complete 1M-byte
memory space of the uPD70208/70216 must be mapped
into one of the following categories of memory:

Target Mermiory resident in target system
(read/write)

ROM External ROM emulation memory
(read only)

RAM External RAM emulation memory
(read/write)

Locked Access inhibited memory

(remaining unmapped addresses)

All memory mapping is done in 1K-byte blocks using the
Configure and Memory softkey commands. If an address
mapped as "locked" is accessed a break in the emulation
will occur.

The complete 64K-byte I/O space of the uPD70208/70216
must be mapped in 1K-byte blocks to the emulation
memory, the target system, or as “locked” memory.

Emulation

The IE-70208/216 executes uPD70208 and uPD70216
user programs in real:time in four different modes: break,
trace, count, and time.

(1) In break emulation mode, the user's program is
- executed in real-time or in smgle—step until a break-
point is encountered.

(2) In trace emulation mode, the user's program is
executed until the trace buffer is filled.

(8) During the count emulation mode, the emulator
counts the number of times a particular trigger
point is reached within a given set of conditions.

(4) In time emulation mode, the emulator measures
execution time between the specified enable and
disable points. The measurable time range is from 0
to 72 minutes (in microseconds).
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Once emulation is stopped in either break or trace mode,
the trace automatically displays one screen of data,
ending on the last instruction executed. In count or time
mode, the current count or elapsed time is displayed. At
this point, it is possible to display the contents of
memory, the general-purpose and special registers, the
symbol tables, directories, and other information. All can
be displayed individually or by split screen with the trace
display. The windows may be scrolled independently.

Prior to the start of emulation, the user can specify
whether an external or internal clock will be used for
emulation, whether the internal or external ready signal
is used, and whether the NMI signal from the target
system should be enabled or disabled. If the internal
clock is used, it can be set from 2 to 10 MHz in 1-kHz
steps.

Break Capabilities

The IE-70208/216 has eight hardware breakpoints. Seven
can be set to occur on a realtime event or a non-
real-time condition. The remaining one is reserved for
setting a real-time address breakpoint in the GO
command.

Areal-time breakpoint can be set to occur on an address,
a data value, a CPU state, or the external probe status.
A non-real-time breakpoint can be set to occur after
satisfying an address/condition setting a certain number
of times (maximum 4096).

Conditions pertaining to the general-purpose registers,
memory locations, 1/O locations or the external probes
can be defined. For non-real-time breakpoints, the user
program is executed in real time until it reaches the
address, then emulation pauses while the conditions are
checked. If the conditions are not satisfied, emulation
will continue in this manner until they are met.

To distinguish between the condition occurring at an
op-code fetch or at the execution of aninstruction, each
breakpoint can be tagged with either a nonexecution or
execution flag.

Up to 16 software breakpoints can be set plus an
additional one in the GO command. To set a software
breakpoint, the emulator replaces an instruction in the
user’s program with a BRK 0 instruction. A break will
occur when this instruction is executed, and the user’s
program will be restored. This capability is not available
for program code executing out of ROM.

Trace Capabilities

The trace buffer is 1024 frames by 64 bits wide and
sampling is done on every machine cycle. The buffer is
filled in a round-robin fashion. The emulator traces the
external address and data buses, the CPU and queue
status, and the eight external logic probes.

The IE-70208/216 has eight trace specification points.
One of these is reserved for setting a trigger point in the
GO command. The other seven can be specified as trace
trigger, enable, disable, qualify, or check points. Check
points are used to display register, memory, or |/O
contents each time a certain event or address occurs.
The trace buffer can be split into a maximum of 64
partitions to allow tracing of particular segments of the
user program (i.e., subroutines).

The trace data may be displayed in one of three modes:
machine, disassembly, or jump. In machine display
mode, all bus activity is displayed in machine code. In
disassembly mode, all instructions are disassembled. In
jump mode, only instructions that alter program flow are
displayed.

SOFTWARE DESCRIPTION
System Software

The |E-70208/216 is controlled by the MIOS/U propri-
etary operating system. Command input is simplified by
eight function keys (providing a choice of up to 24
softkeys within any menu level). The dynamically repro-
grammed softkeys visually prompt with the next valid set
of commands. The softkeys are at the bottom of the
display screen and correspond to one of the eight
function keys on the keyboard. To select a command,
press a softkey. The softkeys are automatically relabeled
with the next set of commands.

Table 1 lists the utility programs provuded with the
emulator.
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Table 1. IE-70208/216 Utility Programs
Utilities

Function

Symbolic Debug and Line Assembly/
Disassembly » ‘

EMUV4050 IE-70208/216 emulator software The IE-70208/216 supports complete symbolic debug-
KERMIT Communication program for file transfer ging of programs produced by NEC’'s RA70116 Relocat-
FILESERY File management for system disks ' able Assembler Package and various other third-party
y— ol " software packages, including those from Intel and Mi-
EDITO ull screen editor crosoft. The symbols can be used as address and data
FORMAT Floppy-disk formatter . constants in break, trace, and emulation control com-
PROM Built-in EPROM programmer control program mands and are displayed during disassembly. A sym-
TERMINAL Terminal utility program for file transfer between L‘fOI'c line a'?‘se_mb'e’ is also available to make modifica-
emulator and another intelligent device tions to existing programs or to enter code from the
SYMBOL Symbol table converter; converts non-SROC keyboard'
symbol formats to SROC format.
OBJCONV Object file converter; converts object files to SPECIFICATIONS
and from the Motorola SROG format, Table 2 gives the electrical, environmental, and physical
TIMESET internal battery backed-up clock and calendar specifications of the equipment.
setting
DEFINE Softkey definition Table 2. IE-70208/216 Specifications
MDEVICE Disk format specification AC power S0 to 132 V, 50/60 Hz, 400 W maximum
Temperature Operating: +5 to +40°C

Connecting to Host Systems

Host systems may be connected to the IE-70208/216 via
the RS-232C connectors at the rear of the machine.
Parameters such as baud rates, character length, parity,
and number of stop bits are software programmable to
suit the system being attached. The KERMIT communi-
cations program supplied with the emulator can be used
for uploading and downloading files. Currently, NEC
provides KERMIT for the VAX® under VMS® and UNIX™
4.2 BSD or Ultrix™, and the IBM PC, PC/XT®, PC AT®, or
compatibles under PC-DOS™ or MS-DOS®.

Files may also be transferred to the emulator via the
RS-232C ports by using the TERMINAL utility. The em-
ulator acts as a terminal for data transfer.

Another means of loading files into the IE-70208/216 is
available with the Multiple File Handler utility, a program
that runs in the emulator itself and is supplied as part of
the |E-70208/216 package. The Multiple File Handler
allows the emulator to read MS-DOS disks, among
others.

VAX and VMS are registered trademarks of Digital Equipment
Corporation.

Ultrix is a trademark of Digital Equipment Corporation.

UNIX is a trademark of AT&T.

PC/XT, PC AT, and PC-DOS are registered trademarks of International
Business Machines Corporation.

MS-DOS is a registered trademark of Microsoft Corporation.

Storage; —-20 to +50°C
Operating: 20 to 80%
Storage: 10 to 90%

Main chassis: 40 pounds

Pod and cables: 4-3/4 pounds,
19.7 x 16.7 x 8.7 inches

Relative humidity
(noncondensing)

Weight

Dimensions (L x W x H)

DOCUMENTATION

The following manuals are sdpplied with the in-circuit
emulator. Additional copies may be obtained from NEC
Electronics Inc.

e |E-70208/216 In-Circuit Emulator User's Manual
o |E-70XXX-A Hardware User's Manual
e [E-70XXX-A Software Utilities User's Manual
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1IE-70320
In-Circuit Emulator

for yPD70320/70322 (V25) Microcomputers

Description

The |IE-70320 is a portable, stand-alone, in-circuit emu-
lator that provides hardware emulation and software
debug capabilities for the NEC pPD70320/70322 (V25™)
16-bit, single-chip microcomputers.

Real-time and single-step emulation, coupled with so-
phisticated memory mapping, symbolic debugging,
macrofile command facilities, and user-programmable
breakpoints and trace qualifiers create a powerful devel-
opment environment.

Command entry is simplified by eight dynamically re-
programmed function keys, called softkeys, that visually
prompt a user with the next level of commands. User
programs can be uploaded/downloaded from a variety of
host systems by a serial link or they can be loaded
directly from an MS-DOS® disk.

Features

O Portable stand-alone in-circuit emulator:

— 9.5-inch amber CRT display

— Two 5-inch, 640K-byte floppy-disk drives

— ASCII keyboard with eight function keys

— EPROM programmer: 2732, 2764, 27128, 27256,

© 27512

— Can be converted to support NEC's V20®, V3089,
Vv33™, v3s™, v4o™, V50™, V53™, and V6O ™
microprocessors

0 Precise real-time and single-step emulation
— Programmable internal clock: 1 to 16 MHz in
1- kHz steps
— Upto 16 MHz external TTL clock

o Memory and I/O space mappable in 4K- byte blocks
0 32K bytes of memory for internal ROM emulation

0 124K bytes of memory for prototype memory
emulation; expandable to 636K bytes

o Eight user-programmable hardware breakpoints
— Real-time break on address, data CPU status; or
external probes
— Break on pass count and register, memory, or I/O
values
— Selectable as execution or nonexecution

V20 and V30 are registered trademarks of NEC Corporation.
V25, V33, V35, V40, V50, V53, and V60 are trademarks of
NEC Corporation.

MS-DOS is a registered trademark of Microsoft Corporation.
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O 16 user-programmable software breakpoints

o Trace buffer: machine cycle, mnemoric, and jump
trace display
— 2047 frames by 108 bits
— Programmable trigger point and trace qualifiers

O Eight optional probes for tracing of target systems
signals

Full symbolic debug capabilities
Symboalic line assembler and disassembler
Macrofile command capability

Dual window display in emulation mode
Softkey and menu-driven user input

O 0o oo

Ordering Information
Part Number
IE-70320 -A008
IE-70320-RTOS
EP-70320L
IE-70000-2957

Package

In-circuit emulator for xPD70320/70322

#PD79011 RTOS System Software for IE-70320
- pPD70320/70322 84-pin PLCC emulation probe

Optional 512K-byte expansion emulation
memory

|IE-70000-2954
EP-70320GJ

Optional external logic probes

Optional 94-pin plastic QFP package probe
adapter for use with EP-70320L

Hardware

The [E-70320 (figure 1) consists of a system chassis with
a detachable ASCII keyboard and an emulation pod unit.
The chassis houses a 9.5-inch amber CRT, two 5-1/4 inch
640K-byte floppy-disk drives, an' EPROM programmer,
card cage, power supply, and five control boards. The
boards are main CPU, expansion system memory, emu-
lation control | and ll, and trace emulation memory.

The main CPU board contains a supervising CPU, 512K
bytes of system memory, and the peripheral interfaces.
The expansion system memory board provides an addi-
tional 512K bytes of system memory.

The two emulation control boards control memory map-
ping, event detection, and the break and emulation CPU
status circuitry. The trace emulation board contains a
trace buffer and 124K bytes of external emulation mem-
ory. The optional IE-70000-2957, a 512K-byte expansion
emulation memory board, may be installed to increase
the external emulation memory to 636K bytes.



IE-70320

NEC

The emulation pod unit houses the pPD70329 EVACHIP
used to emulate the uPD70320 or pPD70322, the internal
ROM emulation memory, the high-speed buffers, and the
clock selection logic. This unit can be connected to the
target system by the EP-70320L, an emulation probe for
the 84-pin PLCC. For the 94-pin plastic QFP package, an
EP-70320GJ probe adapter is also needed.

The 1E-70320 supports the following external interfaces:
two RS-232C serial ports, one Centronics parallel printer
port, and one RGB video output.

An optional external logic probe unit (IE-70000-2954) is
also available . The eight probes contained in the unit
allow signals on the target system to be used in the
break and trace functions.

The emulator can be converted to support NEC's V20,
V30, V33, V35, V40, V50, V53, or V60 CMOS microproces-
sors by exchanging the appropriate control boards and
the emulation pod unit. .

Figure 1. IE-70320 System Configuration

Memory and /O Mapping Capabilities

The IE-70320 contains two kinds of emulation memory:
32K bytes of high-speed RAM that can be accessed in
one clock cycle per byte for emulating the internal ROM
of the uPD70322, and 124K bytes (expandable to 636K
bytes) of two-cycle RAM (0 wait states) for emulating
external RAM or ROM.

The complete 1M-byte memory space of the uPD70320/
#PD70322 must be mapped into one of the following
categories:

INTROM Internal pPD70322 ROM emulation memory
(0, 8, 16, or 32K bytes selectable)

ROM External ROM emulation memory
(read only)

RAM External RAM emulation memory
(read/write)

Target Memory resident in target system
(read/write)

Locked Access inhibited memory

(remaining unmapped addresses)

All memory mapping except INtrom is executed in 4K-
byte blocks using the CONFIGure and MEMory softkey
commands. If an address that has been mapped as
"locked” is accessed, a break in emulation will occur.

The complete 64K-byte input/output space of the
pPD70320 or pPD70322 must be mapped in 4K-byte
blocks either to the RAM emulation memory, to the target
system, or as “locked” memory.

Emulation

The |E-70320 executes pPD70320 and pPD70322 user
programs in real time in four different modes: break,
trace, count, and time.

(1)  Inbreak emulation mode, the program is run'in real
time or in single step until a breakpoint is encoun-
tered.

(@) Intrace emulation mode, the program is executed
until the trace buffer is filled. -

(3) In'count emulation mode, the emulator counts the
number of times a particular trigger point is
reached within a given set of conditions.

(4) Intime emulation mode, the emulator times execu-
tion between the specified enable and disable
points. The measurable time range is from 0 to 72
minutes (in microseconds).

Once emulation is stopped in either break or trace mode,
the trace automatically displays one screen of data,
ending on the last instruction executed. In count or time
mode, the current count or elapsed time is displayed. At
this point, it is possible to display the contents of
memory, the general-purpose and special registers, the
symbol tables, directories, and other information. All can
be displayed individually or by split screen with the trace
display. The windows may be scrolled independently.
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Prior to the start of emulation, the user can specify the
internal ROM size (if any), whether an external or inter-
nal clock will be used for emulation, and whether the
NMI, READY, and HOLD signals from the target system
should be enabled or disabled. If the internal clock is
used, it can be set from 1 to 16 MHz in 1-kHz steps.

Break Capabilities

The IE-70320 has eight hardware breakpoints. Seven can
be set to occur on a real-time event or a non-real-time
condition. The remaining one is reserved for setting a
real-time address breakpoint in the GO command.

A real-time breakpoint can be set to occur on an address,
a data value, a CPU state and an external probe status.
A non-real-time breakpoint can be set to occur after an
address/condition setting has been satisfied for a cer-
tain number of times (maximum 4096).

Conditions pertaining to the general-purpose registers,
memory locations, input/output locations, or external
probes can be defined. For non-real-time breakpoints,
the user program is executed in real time until it reaches
the break address. Emulation stops while the conditions
are checked. If the conditions are not satisfied, emula-
tion will continue in this manner until they are met.

To distinguish between an address condition occurring
at any memory read/write access or the execution of an
instruction, each breakpoint can be tagged with either a
nonexecution or execution flag.

Up to 16 software breakpoints can be set plus an
additional one in the GO command. To set a software
breakpoint, the emulator replaces an instruction in the
user's program with a BRK 0 instruction. A break will
occur when this instruction is executed, and the user’s
program will be restored. This capability is not available
for program code executing out of ROM.

Trace Capabilities

The trace buffer is 2047 frames by 108 bits wide and
sampling is done on every machine cycle. The buffer is
filled in a round-robin fashion. The emulator traces the
external address and data buses, the internal ROM
address and data buses, the CPU and queue status, the
DMAAKO/DMAAK1 pins, and the eight external logic
probes.

The IE-70320 has eight trace specification points. One of
these is reserved for setting a trigger point in the GO
command. The other seven can be specified as trace
trigger, enable, disable, qualify, or check points. Check
points are used to display the register, memory, or
input/output contents each time a certain event or ad-

dress occurs. The trace buffer can be split into a maxi-
mum of 128 partitions to allow tracing of particular
segments of the user program (i.e., subroutines).

The trace data may be displayed in one of three modes:
machine, disassembly, or jump. In machine display
mode, all bus activity is displayed in machine code. In
disassembly mode, all instructions are disassembled. In
jump mode, only instructions that alter program flow are
displayed.

IE-70320-RTOS System Software

The optional IE-70320-RTOS system software allows the
IE-70320 to be used for hardware emulation and soft-
ware debugging for the uPD79011, a V25 16-bit, single-
chip microcomputer with an on-board real-time operat-
ing system (RTOS). When using the IE-70320-RTOS
system software, the RTOS object code is loaded into
the 16K bytes of internal ROM emulation memory when-
ever the IE-70320 is powered up or the CAncel command
is executed.

In addition, the |E-70320-RTOS system software adds
the following commands to the IE-70320.

Mem/reg SYstime
Display TStat

Sets system time of the RTOS.

Displays system time, task
status, number of unused
memory blocks, segment value
of all messages queued in the
TCB, start address of the
initialization routine, and
interrupt return address in the
TCB for a specified task.

Displays status of specified
mailbox.

Displays number of tasks
waiting for specified
semaphore and remaining
number of free resources.
Displays a list of all tasks
currently being managed by
RTOS and their state.

Display MAilbox

Display SEmaph 4

Display TMap
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System Software

The 1E-70320 is controlled by the MIOS/U proprietary
operating system. Command input is simplified by eight
function keys (providing a choice of up to 24 softkeys
within any menu level). The dynamically reprogrammed
softkeys visually prompt the user with the next valid set
of commands. The softkeys are at the bottom of the
display and correspond to the eight function keys. To
select a command, the desired softkey is entered, and
the softkeys are automatically relabeled with the next set
of commands.

Table 1 shows some of the utility programs provided with
the emulator.

Table 1. [E-70320 Utility Programs

Utility Function

EMUV25 |E-70320 emulator software

KERMIT Communication program for file transfer

FILESERV File management for system disks

EDITOR Full screen editor

FORMAT Floppy-disk formatter

PROM Builtin EPROM programmer control program

TERMINAL Terminal utility program for file transfer between

" emulator and another intelligent device

SYMBOL Symbol Table Converter: converts non-SROC
symbol formats to SROC format.

OBJCONV Object File Converter: converts object files to
and from the Motorola SROC format.

TIMESET Internal battery backed-up clock and calendar
setting

DEFINE Softkey definition

MDEVICE Disk format specification

Connecting to Host Systems

Host systems may be connected to the |E-70320 by the
RS-232C connectors at the rear of the machine. Param-
eters such as baud rates, character length, parity, and
number of stop bits are software programmable to suit
the system being attached. The KERMIT communica-
tions program is supplied with the emulator and can be
used for uploading and downloading files. NEC currently
provides KERMIT for the VAX® under VMS® and UNIX™
4.2 BSD or Ultrix®, the IBM PC, PC/XT®, IBM PC AT®, or
compatibles under PC-DOS® or MS-DOS.

VAX, VMS, and Ultrix are registered trademarks of Digital Equipment
Corporation.

UNIX is a trademark of AT&T Bell Laboratories

PC/XT, PC AT, and PC-DOS are registered trademarks of International
Business Machines Corporation.

Files may also be transferred to the emulator via the
RS-232C ports by using the TERMINAL utility. The em-
ulator acts as a terminal for data transfer.

Another means of loading files into the IE-70320 is
available with the Multiple File Handler utility, a program
that runs in the emulator itself and which is also supplied
as part of the IE-70320 package. The Multiple File Han-
dler allows the emulator to read MS-DOS disks, among
others.

Symbolic Debug and Line Assembly/
Disassembly

The 1E-70320 supports complete symbolic debugging of
programs produced by NEC's RA70320 Relocatable As-
sembler package and various other third-party software
packages, including those of Intel and Microsoft. The
symbols can be used as address and data constants in
break, trace, and emulation control commands and are
displayed during disassembly. A symbolic line assembler
is also available to make modifications to existing pro-
grams or to enter code from the keyboard.

Specifications

Table 2 gives the electrical, environmental, and physical
specifications of the equipment.

Table 2. |E-70320 Specifications

Ac power 90 to 132 V, 50/60 Hz, 400 W maximum
Temperature Operating: +5 to +40°C

Storage: ~20 to +50°C
Relative humidity Operating: 20 to 80%

(ljoncondensing)‘ Storage: 10 to 90%

Weight Main chassis: 40 pounds
Pod and cables: 4-3/4 pounds

19,7 x 16,7 x 8.7 inches

Dimensions (L x W x H)

Documentation

The following manuals are supplied with the in-circuit
emulator, Additional copies may be obtained from NEC
Electronics Inc.

@ |E-70320 In-Circuit Emulator User’s Manual
® |E-70XXX-A Hardware User’'s Manual
o |E-70XXX-A Software Utilities User's Manual

e |E-70320-RTOS pPD79011 RTOS System Software
User's Manual '
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IE-70330
In-Circuit Emulator

for yPD70330/70332 (V35) Microcomputers

Description

The IE-70330 is a portable, stand-alone, in-circuit emu-
lator that provides hardware emulation and software
debug capabilities for the nPD70330/70332 (V35™) 16-
bit, single-chip microcomputers.

Real-time and single-step emulation, coupled with so-
phisticated memory mapping, -symbolic debugging,
macrofile command facilities, and user-programmable
breakpoints and trace qualifiers, create a powerful de-
velopment environment.

Command entry is simplified by eight dynamically re-
programmed function keys, called softkeys, that visually
prompt a user with the next level of commands. User
programs can be uploaded/downloaded from a variety of
host systems by a serial link, or they can be loaded
directly from an MS-DOS® disk.

Features

O Portable, stand-alone, in-circuit emulator

— 9.5-inch amber CRT display

— Two 5-inch, 640K-byte floppy-disk drives

— ASCII keyboard with eight function keys

— EPROM programmer: 2732, 2764, 27128, 27256,
27512

— Supports NEC’s V20®, V30®, V33™, V25™, V40™,
V50™, V563™, and V60™ microprocessors

O Precise real-time and single-step emulation
— Programmable internal clock: 1 to 16 MHz in
1-kHz steps
— Up to 16-MHz external TTL clock

0 Memory and I/O space mappable in 4K-byte blocks
O 32K bytes of memory for internal ROM emulation

0 124K bytes of memory for prototype memory
emulation; expandable to 636K bytes

O Eight user-programmable hardware breakpoints
— Real-time break on address, data, CPU status, or
external probes
— Break on pass count and register, memory, or I/O
values
— Selectable as execution or nonexecution

V20 and V30 are registered trademarks of NEC Corporation.
V25, V33, V35, V40, V50, V63, and V60 are trademarks
of NEC Corporation. :
MS-DOS is a registered trademark of Microsoft Corporation.
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O 16 user-programmable software breakpoints

O Trace buffer: machine cycle, mnemonic, and jump
trace display
— 2047 frames by 108 bits
— Programmable trigger point and trace qualifiers

O Eight optional probes for tracing target system
signals

Full symbolic debug capabilities
Symbolic line assembler and disassembler
Macrofile command capability

Dual window display in emulation mode
Softkey and menu-driven user input

O o oo o

Ordering Information

Part Number Description

|IE-70330-A008 In-circuit emulator for uPD70330/70332 (V35)

|E-70330-RTOS uPD79021 RTOS system software for
|E-70330-A008

EP-70320L. pPD70320/70322 84-pin PLCC emulation probe

|E-70000-2957 Optional 512K-byte expansion emulation

memory

|E-70000-2954
EP-70320GJ

Optional external logic probes

Optional 94-pin plastic QFP package probe
adapter for use with EP-70320L

Hardware

The |E-70330 (figure 1) consists of a system chassis with
a detachable ASCII keyboard and an emulation pod unit.
The chassis houses a 9.5-inch amber CRT, two 5-1/4 inch
640K-byte floppy-disk drives, an EPROM programmer,
card cage, power supply, and five control boards. The
boards are main CPU, expansion system memory, emu-
lation control | and l, and trace emulation memory.

The main CPU board contains a supervising CPU, 512K
bytes of system memory, and the peripheral interfaces.
The expansion system memory board provides an addi-
tional 512K bytes of system memory.
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The two emulation control boards control memory map-
ping, event detection, and the break and emulation CPU
status circuitry. The trace emulation board contains a
trace buffer and 124K bytes of external emulation mem-
ory. The optional IE-70000-2957, a 512K-byte expansion
emulator memory board, may be installed to increase
the external emulator memory to 636K bytes.

The emulation pod unit houses the uPD70339 EVACHIP
used to emulate the uPD70330 or uPD70332, the internal
ROM emulation memory, the high-speed buffers, and the
clock selection logic. This unit can be connected to the
target system by the EP-70320L, an emulation probe for
the 84-pin PLCC. For the 94-pin plastic QFP, an EP-
70320GJ probe adapter is also needed.

The IE-70330 supporis the following external interfaces:
two RS-232C serial ports, one Centronics parallel printer
port, and one RGB video output.

An optional external logic probe unit (IE-70000-2954) is
also available. The eight probes contained in the unit
allow signals on the target system to be used in the
break and trace functions.

The emulator can be converted to support NEC’s V20,
V25, V30, V33, V40, V50, V53, and V60 CMOS micropro-
cessors by exchanging the appropriate control boards
and the emulation pod unit .

Figure 1. IE-70330 System Configuration

Memory and 1/0 Mapping Capabilities

The IE-70330 contains two kinds of emulation memory:
32K bytes of high-speed RAM that can be accessed in
one clock cycle per byte for emulating the internal ROM
of the pPD70332, and 124K bytes (expandable to 636K
bytes) of two-cycle RAM (0 wait states) for emulating
external RAM or ROM.
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The complete 1M-byte memory space of the uPD70330/
70332 must be mapped into one of the following cate-
gories:

INTROM  Internal xPD70332 ROM emulation memory
(0, 8, 16, 32K bytes selectable)

ROM External ROM emulation memory
(read only)

RAM External RAM emulation memory
(read/write)

Target Memory resident in target system
(read/write)

Locked Access inhibited memory

(remaining unmapped addresses)

All memory mapping except INTROM is executed in
4K-byte blocks using the Configure and Memory softkey
commands. If an address that has been mapped as
"locked"” is accessed, a break in emulation will occur.

The complete 64K-byte input/output space of the
uPD70330 or pPD70332 must be mapped in 4K-byte
blocks either to the RAM emulation memory, to the target
system, or as "locked” memory.

Emulation

The IE-70330 executes pPD70330 and pPD70332 user
programs in real time in four different modes: break,
trace, count, and time.

(1) Inbreak emulation mode, the program is run in real
time or in single step until a breakpoint is encoun-
tered.

(@ Intrace emulation mode, the program is executed
until the trace buffer is filled.

(3) In count emulation mode, the emulator counts the
number of times a particular trigger point is
reached within a given set of conditions.

(4) Intime emulation mode, the emulator times execu-
tion between the specified enable and disable
points. The measurable time range is from 0 to 72
minutes (in microseconds).

Once emulation is stopped in either break or trace mode,
the trace automatically displays one screen of data,
ending on the last instruction executed. In count or time
mode, the current count or elapsed time is displayed. At
this point, it is possible to display the contents of
memory, the general-purpose and special registers, the
symbol tables, directories, and other information. All can
be displayed individually or by split screen with the trace
display. The windows may be scrolled independently.
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Prior to the start of emulation, the user can specify the
internal ROM size (if any), whether an external or inter-
nal clock will be used for emulation, and whether the
NMI, READY, and HOLD signals from the target system
should be enabled or disabled. If the internal clock is
used, it can be set from 1 to 16 MHz in 1-KHz steps.

Break Capabilities

The IE-70330 has eight hardware breakpoints. Seven can
be set to occur on a real-time event or a non-real-time
condition. The remaining one is reserved for setting a
real-time address breakpoint in the GO command.

Areal-time breakpoint can be set to occur on an address,
a data value, a CPU state, or an external probe status. A
non-real-time breakpoint can be set to occur after an
address/condition setting has been satisfied for a cer-
tain number of times (maximum 4096).

Conditions pertaining to the general-purpose registers,
memory locations, input/output locations, or external
probes can be defined. For non-real-time breakpoints,
the user program is executed in real time until it reaches
the break address. Emulation stops while the conditions
are checked. If the conditions are not satisfied, emula-
tion will continue in this manner until they are met.

To distinguish between an address condition occurring
at any memory read/write access or the execution of an
instruction, each breakpoint can be tagged with either a
nonexecution or execution flag.

Up to 16 software breakpoints can be set plus an
additional one in the GO command. To set a software
breakpoint, the emulator replaces an instruction in the
user’s program with a BRK 0 instruction. A break will
occur when this instruction is executed, and the user’s
program will be restored. This capability is not available
for program code executing out of ROM.

Trace Capabilities

The trace buffer is 2047 frames by 108 bits wide and
sampling is done on every machine cycle. The buffer is
filled in a round-robin fashion. The emulator traces the
external address and data buses, the internal ROM
address and data buses, the CPU and queue status, the
DMAAKO/1 pins, and the eight external logic probes.

The IE-70330 has eight trace specification points. One of
these is reserved for setting a trigger point in the GO
command. The other seven can be specified as trace
trigger, enable, disable, qualify, or check points. Check
points are used to display the register, memory, or
input/output contents each time a certain event or ad-
dress occurs. The trace buffer can be split into a maxi-
mum of 128 partitions to allow tracing of particular
segments of the user program (i.e., subroutines).

The trace data may be displayed in one of three modes:
machine, disassembly, or jump. In machine display
mode, all bus activity is displayed in-machine code. In
disassembly mode, all instructions are disassembled. In
jump mode, only instructions that alter program flow are
displayed.

System Software

The IE-70330 is controlled by the MIOS/U proprietary
operating system. Command input is simplified by eight
function keys (providing a choice of up to 24 softkeys
within any menu level). The dynamically reprogrammed
softkeys visually prompt the user with the next valid set
of commands. The softkeys are at the bottom of the
display screen and correspond to the eight function keys
on the keyboard. To select a command, the desired
softkey is entered, and the softkeys are automatically
relabeled with the next set of commands.

Table 1 lists some of the utility programs provided with
the emulator. i

IE-70330-RTOS System Software

The optional IE-70330-RTOS system software allows the
IE-70330 to be used for hardware emulation and soft-
ware debugging for the uPD79021, a V35 16-bit single-
chip microcomputer with an on-board real-time operat-
ing system (RTOS). The RTOS object code is loaded into
the 16K bytes of internal ROM emulation memory when-
ever the IE-70330 is powered up orthe CAncel command
is executed.

In addition, the IE-70330-RTOS system software adds
the commands in table 2 to the IE-70330.
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Table 1. 1E-70330 Utility Programs

Utility  Function

EMUV35  IE-70330 emulator software

KERMIT Communication program for file transfer
FILESERV  File management for system disks

EDITOR  Full screen editor ‘ ‘

FORMAT Floppy-disk formatter

PROM Builtin EPROM programmer control program

TERMINAL Terminal utility program for file transfer between
emulator and another intelligent device

SYMBOL  Symbol table converter; converts non-SROC symbol

formats to SROC format

OBJCONV Object file converter; converts object files to and from
the Motorola SROC format

Internal battery backed-up clock and calendar setting

TIMESET
DEFINE
MDEVICE

Softkey definition

Disk format specification

Table 2.

Command

IE-70330-RTOS Commands
Description

Mem/reg SYstime  Sets RTOS system time.

Display TStat Displays system time, task status, number of
unused memory blocks, segment value of all
messages queued in the TCB, start address of
initialization routine, and interrupt return

address in the TCB for a specified task.

Display MAilbox Displays status of specified mailbox.

Display SEmaph Displays number of tasks waiting for specified
semaphore and remaining number of free

resources.

Display TMap Displays a list of all tasks currently being

managed by RTOS and their current state,

Connecting to Host Systems

Host systems may be connected to the IE-70330 through
RS-232C connectors at the rear of the machine. Param-
eters such as baud rates, character length, parity, and
number of stop bits are software programmable to suit
the system being attached. The KERMIT communica-
tions program is supplied with the emulator and can be
used for uploading and downloading files. NEC currently
provides KERMIT for the VAX® under VMS® and UNIX™
4.2BSD or Uitrix®, the IBM PC, PC/XT®, IBM PC AT®, or
compatibles under PC-DOS® or MS-DOS.

VAX, VMS, and Uitrix are registered trademarks of Digital Equipment
Corporation.

UNIX is a trademark of AT&T Bell Laboratories.

PC/XT, PC AT, and PC-DOS are registered trademarks of International
Business Machines Corporation.
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Files may also be transferred to the emulator via the
RS-232C ports by using the TERMINAL utility. The em-
ulator acts as a terminal for data transfer. -

Another means of loading files into the IE-70330 is
available with the Multiple File Handler utility, a program
that runs in the emulator itself and is supplied as part of
the IE-70330 package. The Multiple File Handler allows
the emulator to read MS-DOS disks, among others.

Symbolic Debug and Line Assembly/
Disassembly

The 1E-70330 supports complete symbolic debugging of
programs produced by NEC’'s RA70320 Relocatable As-
sembler package and various other third-party software
packages, including those of Intel and Microsoft. The
symbols can be used as address and data constants in
break, trace, and emulation control commands and are
displayed during disassembly. A symbolic line assembler
is also available to make modifications to existing pro-
grams or to enter code from the keyboard.

Specifications

Table 3 gives the electrical, environmental, and physical
specifications of the equipment.

Table 3. IE-70330 Specifications ‘
90 to 132V, 50/60 Hz, 400 W maximum
Operating: +5 to +40°C .

Storage: -20 to +50°C

Operating: 20 to 80%

Storage: 10 to 90%

Main chassis: 40 pounds

Pod and cables: 4-3/4 pounds -
Dimensions (L x W x H) 19.7 x 16.7 x 8.7 inches

Ac power

Temperature

Relative humidity
(noncondensing)

Weight

Documentation

The following manuals are supplied with the in-circuit
emulator, Additional copies may be obtained from NEC
Electronics Inc.

e |E-70330 In-Circuit Emulator User’'s Manual
o |E-70XXX-A Hardware User's Manual

o |E-70XXX-A Software Utilities User's Manual
L

IE-70330-RTOS, uPD79021 RTOS System Software
User’'s Manual
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RA70116
Relocatable Assembler Package
for V20-V50 Microprocessors

Description

The RA70116 Relocatable Assembler package converts
symbolic source code for the pPD70108 (V209),
pPD70116 (V30®), uPD70208 (V40™), and wPD70216
(V50™) microprocessors into executable absolute ad-
dress object code. The package consists of four separate
programs: an assembler (RA70116), a linker (LK70116), a
hexadecimal format object code converter (OC70116),
and a librarian (LB70116).

RA70116 translates a symbolic source module into a
relocatable object module. This symbolic source module
can contain both V20-V50 microprocessor instructions
and Intel 8087 Floating-Point Arithmetic Coprocessor
instructions. The assembler verifies that each instruc-
tion assembled is valid and produces a listing file and a
relocatable object module.

LK70116 combines relocatable object modules and ab-
solute load modules and converts them into an absolute
load module. OC70116 converts an absolute object mod-
ule or an absolute load module to an expanded hexadec-
imal (7-bit ASCII) object file:

LB 70116 allows commonly used relocatable object mod-
ules to be stored in one file and linked into multiple
programs, greatly increasing programming efficiency.
When the input of the linker contains a library file, the
linker first extracts only those modules required to re-
solve external references from the file and relocates and
links them.

Features

O Absolute address object code output

0 Macro and code macro capability

O User-selectable and directable output files

0 Extensive error reporting

O Powerful Librarian

o Runs under the following operating systems:

— MS-DOS®
— VAX/VMS® and VAX/UNIX® 4.2BSD or Ultrix®
V20 and V30 are registered trademarks of NEC Corporation.
V40 and V50 are trademarks of NEC Corporation.
MS-DOS is a registered trademark of Microsoft Corporation.
VAX, VMS, and Ultrix are registered trademarks of Digital Equipment
Corporation.
UNIX is a trademark of AT&T Bell Laboratories.
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Ordering Information
Part Number
RA70116-D52
RA70116-VVT1
RA70116-VXT1

Package
MS-DOS, 5-1/4" double-density floppy-diskette
VAX/VMS, 9-track 1600-BPI magnetic tape

VAX/UNIX 4.2BSD or Ultrix, 9-track 1600-BPI
magnetic tape

SOFTWARE DESCRIPTION
Program Syntax

An RA70116 source module consists of a series of code,
data, or stack segments. Each segment consists of
statements composed of up to four fields: symbol, mne-
monic, operand, and comment.

The symbol field may contain a label whose value is the
instruction or data address, or a name that represents an
instruction address, data address, or constant. The mne-
monic field may contain an instruction or assembler
directive. The operand field contains the data or expres-
sion for the specified instruction or directive. Explana-
tions of statements may be inserted in the comment
field.

Character constants are translated into 7-bit ASCII
codes. Numeric constants may be specified as binary,
octal, decimal, or hexadecimal. Arithmetic expressions
may include the operators +, -, *, /, MOD, OR, AND,
NOT, XOR, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW,
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE,
GRSIZE, SMOFFSET, GROFFSET, TYPE, LENGTH,
SIZE, MASK, WIDTH, (), [ ], period (.), colon (), < >.

Macro and Code Macro Capability

RA70116 allows the definition of macrocode sequences
with parameters, LOCAL symbols, and special repeated
code sequences. The macrocode sequence is different
from a subroutine call. That is, the invocation of a macro
in the source code results in the direct replacement of a
macro call with the defined code sequence.

RA70116 also allows the definition of code macros to

. give the user the capability of defining a new instruction

(mnemonic). Although an instruction definition could
also be defined using the ordinary macro facility, code
macros specify the allowable operand types for the new
instructions whereas ordinary macros cannot.
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Assembler Directives

Assembler directives give instructions to the assembler
but are not translated into machine code during assem-
bly. Basic assembler directives include those for storage
definition and allocation (DB, DW, DD, DBS, DWS, DDS,
STRUC/ENDS, RECORD); symbol control (EQU, LABEL,
PURGE); and location counter control (ORG, EVEN,
ALIGN). :

Program control directives include those for segment
definition and control (SEGMENT/ENDS, PROC/ENDP,
ASSUME, GROUP, END); linkage (NAME, PUBLIC, EX-
TRN); and PARITY.

The relocation types for SEGMENT/ENDS directives are
specified in the operand column and include BYTE,
WORD, PARA, PAGE, and INPAGE. The combination
types of PUBLIC, COMMON, AT, STACK, and MEMORY,
which are also specified in the operand column, define
the means of linking segments and groups of the same
name.

Assembler Controls

Two types of assembler controls are available for the
RA70116.

e Basic controls (specified in the assembler command
line)
— File specification
— Output file selection
‘— Output file destination
— Listing format controls
— Debug information output selection
— Symbol case selection :
— Macro processing selection
e General controls (specified in the source program)
— Inclusion of other source files ‘
— Page eject
— Generation/suppression of listing
— Generation/suppression of macro listings
— Listing titles

A list file may contain the complete assembly listing, or
it may contain only lines with errors and a symbol or
cross-reference table. The symbol table lists all defined
symbols in alphabetical order and also shows their
types, attributes, and the values initially assigned to
them. The cross-reference table contains all defined
symbols as well as the numbers of all statements refer-
ring to them. e

The abject file contains the relocatable object module.
The format of this module is an NEC proprietary relocat-
able object module format. Figure 1 is a functional
diagram of the assembler.
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Figure 1. Relocatable Assembler Functional

Diagram
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Linker

The LK70116 linker combines relocatable object modules
and absolute load modules and produces one absolute
load module. See figure 2. The controls for LK70116 may
be specified in either the command line or in a parameter
file. In addition to being able to specify the module name
and the starting address and order for code/data/stack
segments, you can also protect areas of memory from
being assigned. Furthermore, you can instruct the pro-
gram to create a list file containing a link map, a local
symbol table, or a public symbol table. The absolute load
module contains symbol information for the symbolic
debugger and absolute object code.
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Figure 2. Linker Functional Diagram
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Hexadecimal Object Code Converter

The OC70116 object code converter translates an abso-
lute load module file into an expanded hexadecimal
format (7-bit ASCII) file that may be downloaded to a
PROM programmer. Addresses may be specified as
being output in the order in which they were input or in
ascending order. Figure 3 is a functional diagram of the
hexadecimal object code converter.

Figure 3. Hexadecimal Object Code Converter
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Librarian

The LB70116 librarian creates and maintains files con-
taining relocatable object modules. The program re-
duces the number of files that need to be linked together
by allowing several modules to be kept in a single file. It
also provides an easy way to link frequently used mod-
ules into programs. Modules may be added to, deleted

from, or replaced within a library file.

Operating Environment

The RA70116 package can be supplied to run under
several different operating systems. One version is for an
MS-DOS system with one or more disk drives and at
least 512K bytes of system memory. Other versions run
on a Digital Equipment Corporation VAX computer with
UNIX 4.2BSD or Ultrix, or VMS (Version 4.1 or later)
operating systems.
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Downloading Files into the Emulator

Absolute load modules produced by the RA70116 pack-
age for the V40 and V50 can be debugged using the NEC
IE-70208 (V40) or IE-70216 (V50) stand-alone in-circuit
emulator. Communication between these emulators and
the host system is through an RS-232C serial line using
the KERMIT communication protocol developed at Co-
lumbia University. With the appropriate version of the
KERMIT Communication Program running on both the
emulator and host system, absolute load modules or
hexadecimal object code files may be transferred be-
tween machines.

A version of the KERMIT Communication Program is
supplied with the IE-70208 and |E-70216. Versions of
KERMIT run on the IBM PC, PC/XT®, PC AT®, or com-
patibles under MS-DOS, and the DEC VAX under VMS,
UNIX 4.2BSD or Ultrix. An appropriate version is pro-
vided with each relocatable assembler package at no
extra charge. Versions of KERMIT for other host systems
are available directly from Columbia University.

A second means of loading files into the emulator is also
available in the Multiple File Handler, a utility program
that runs in the emulator and is supplied with the
IE-70208 and IE-70216. The Multiple File Handler allows
the emulator to read MS-DQOS formatted disks, among
others. ‘

PC/XT, PC AT, and PC-DOS are registered trademarks of International
Business Machines Corporation.

DOCUMENTATION

For further information on source program formats,
assembler operation, and actual program examples,
refer to the following manuals supplied with the
RA70116. Additional copies may be obtained from NEC
Electronics Inc.

e RA70116 V20-V50 Relocatable Assembler Package
Language Manual

e RA70116 V20-V50 Relocatable Assembler Package
Operation Manual (MS-DOS)

e RA70116 V20-V50 Relocatable Assembler Package
Operation Manual (UNIX)

® RA70116 V20-V50 Relocatable Assembier Package
Operation Manual (VMS) '

LICENSE AGREEMENT

RA70116 is sold under terms of a license agreement
included with purchased copies of the assembler. The
accompanying card must be completed and returned to
NEC Electronics Inc. to register the license. Software
updates are provided to registered users.
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RA70136
Relocatable Assembler Package
for V33 Microprocessor

Description

The RA70136 Relocatable Assembler package converts
symbolic source code for the uPD70136 (V33™) micro-
processor into executable absolute address object
code. The package consists of five separate programs:
anassembler (RA70136), a linker (LK70136), an extended
mode locater (EL70136), a hexadecimal format object
code converter (OC70136), and a librarian (LB70136).

RA70136 translates a symbolic source module into a
relocatable object module. This symbolic source module
can contain both V33 microprocessor instructions and
NEC uPD71291 Advanced Floating-Point Processor
(AFPP) instructions. The assembler verifies that each
instruction assembled is valid and produces a listing file
and a relocatable object module.

LK70136 combines relocatable object modules and ab-
solute load modules and converts them into an absolute
load module. If V33 normal addressing mode is being
used, OC70136 is used to convert an absolute object
module or an absolute load module to an-expanded
hexadecimal (7-bit ASCII) object file. If V33 extended
addressing mode is being used, the EL70136 converts
load modules produced by LK70136 to an extended load
module file in extended COFF format.

LB70136 allows commonly used relocatable object mod-
ules to be stored in one file and linked into multiple
programs, greatly increasing programming efficiency.
When the input of the linker contains a library file, the
linker first extracts only those modules required to re-
solve external references from the file and relocates and
links them.

Features

O Absolute address object code output
— In extended hexadecimal format for normal
addressing mode
— In extended COFF format for extended
addressing mode

O Macro and code macro capability
O User-selectable and directable output files
o Extensive error reporting

V33 is a trademark of NEC Corporation.

MS-DOS is a registered trademark of Microsoft Corporation.

VAX, VMS, and Ultrix are registered trademarks of Digital Equipment
Corporation.

UNIX is a trademark of AT&T.

O Powerful Librarian

O Runs under the following operating systems
—MS-DOS® '
— VAX/VMS® and VAX/UNIX™ 4.2BSD or Ultrix™

Ordering Information

Part Number Description
RA70136-D52 MS-DOS, 6-1/4" double-density floppy diskette
RA70136-VVT1 VAX/VMS, 9-track 1600-BPI magnetic tape
RA70136-VXT1 VAX/UNIX 4.2 BSD or Ultrix, 9-track 1600-BPI

- ‘ magnetic tape
SOFTWARE DESCRIPTION

Program Syntax

An RA70136 source module consists of a series of code,
data, or stack segments. Each segment consists of
statements composed of up to four flelds: symbol, mne-
monic, operand, and comment.

The symbol field may contain a label, whoss value is the
instruction or data address, or a name that represents an
instruction address, data address, or constant. The mne-
monic field may contain an instruction or assembler
directive. The operand field contains the data or expres-
sion for the specified instruction or directive. Explana-
tions for statements may be inserted in the comment
field.

Character constants are translated into 7-bit ASCII
codes. Numeric constants may be specified as binary,
octal, decimal, or hexadecimal. Arithmetic expressions
may include the operators +, -, *, /, MOD, OR, AND,
NOT, XOR, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW,
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE,
GRSIZE, SMOFFSET,. GROFFSET, TYPE, LENGTH,
SIZE, MASK, WIDTH, (), [); pericd (.), colon (), <>.

Macro and Code Macro Capability

RA70136 allows the definition of macrocode sequences
with parameters, LOCAL symbols, and special repeated
code sequences. The macrocode sequence is different
from a subroutine call. That is, the invocation of a macro
in the source code results in the direct replacement of a
macro call with the defined code sequence.

'RA70136 also allows the definition of code macros to

give the user the capability of defining a new instruction
(mnemonic). Although an instruction definition could
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also be defined using the ordinary macro facility, code
macros specify the allowable operand types for the new
instructions whereas ordinary macros cannot.

Assembler Directives

Assembler directives give instructions to the assembler
but are not translated into machine code during assem-
bly. Basic assembler directives include those for storage
definition and allocation (DB, DW, DD, DQ, DS, DL, DBS,
DWS, DDS, DQS, DSS, DLS, STRUC/ENDS, RECORD);
symbol control (EQU, LABEL, PURGE); and location
counter control (ORG, EVEN, ALIGN).

Program control directives include those for segment
definition and control (SEGMENT/ENDS, PROC/ENDP,
ASSUME, GROUP, END); linkage (NAME, PUBLIC, EX-
TRN); and PARITY.

The relocation types for SEGMENT/ENDS directives are
specified in the operand column and include BYTE,
WORD, PARA, PAGE, and INPAGE. The combination
types of PUBLIC, COMMON, AT, STACK, and MEMORY,
which are also specified in the operand column, define
the means of linking segments and groups of the same
name.

Assembler Controls

Two types of assembler controls are available for the
RA70136.

o Basic controls (specified in the assembler command
line)
— File specification
— Output file selection
— Output file destination
— Listing format controls
— Debug information output selection
— Symbol case selection
— Macroprocessing selection

¢ General controls (specified in the source program)
— Inclusion of other source files
— Page eject
— Generation/suppression of listing
— Generation/suppression of macro listings
— Listing titles

Alist file may contain the complete assembly listing, or
it may contain only lines with errors and a symbol or
cross-reference table. The symbol table lists all defined
symbols in alphabetical order and also shows their
types, attributes, and the values initially assigned to
them. The cross-reference table contains all defined
symbols as well as the numbers of all statements refer-
ring to them.
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The object file contains the relocatable object module.
The format of this module is an NEC proprietary relocat-
able object module format. Figure 1 is a functional
diagram of the assembler.

Figure 1. Relocatable Assembler Functional

Diagram
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A \
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Object Assembler
Module List
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Linker

The LK70136 linker combines relocatable object mod-
ules and absolute load modules and produces one ab-
solute load module. See figure 2. The controls for
LK70136 may be specified in either the command line or
in a parameter file. In addition to being able to specify the
module name and the starting address and order for
code/data/stack segments, you can also protect areas of
memory from being assigned. Furthermore, you can
instruct the program to create a list file containing a link
map, a local symbol table, or a public symbol table. The
absolute load module contains symbol information for
the symbolic debugger and absolute object code.
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Figure 2. Linker Functional Diagram
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Hexadecimal Object Code Converter

The OC70136 object code converter translates an abso-
lute load module file into an expanded hexadecimal
format (7-bit ASCII) file that may be downloaded to a
PROM programmer. This program is used with the V33 in
normal addressing mode (1M-byte address space). Ad-
dresses may be specified as being output in the order in
which they were input or in ascending order. Figure 3isa
functional diagram of the hexadecimal object code con-
verter.

Figure 3. Hexadecimal Object Code Converter
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Extended Mode Locater

The EL70136 extended mode locater converts multiple
load modules produced by LK70136 into one extended
load module file in extended COFF format (figure 4).
This program is used with the V33 in extended address
mode (16M-byte address space). Starting addresses for
eachload module are specified in the Locate Information
file. The name of this file along with the name of the
extended load module file and any locater options are
included in the command line when EL70136 is invoked.
EL70136 can be instructed to create a locate map file
and to include debugging information in the extended
load module file. To support debugging with the IE-
70136, EL70136 also sets initial values for the IE-70136
PGR tables in the extended load module file.

To simplify the task of using the extended addressing
mode of the V33, NEC Electronics provides three sub-
routines with the RA70136 package.

(1) V33_MAP. Maps the pPD70136 Page Registers
(PGRs)

(2) V33.BRK. Branches from the normal address mode
to the interrupt routine starting address in the ex-
tended address mode.

(3) V33_RET. Branches from the extended address
mode to the interrupt routine starting address in the
normal address mode.
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Librarian

The LB70136 librarian creates and maintains files con-
taining relocatable object modules. The program re-
duces the number of files that need to be linked together
by allowing several modules to be kept in a single file. It
also provides an easy way to link frequently used mod-
ules into programs. Modules may be added to, deleted
from, or replaced within a library file.

Operating Environment

The RA70136 package can be supplied to run under
many different operating systems. One version is for an
MS-DOS system with one or more disk drives and at
least 512K bytes of system memory. Other versions run
on a DEC VAX computer with UNIX 4.2BSD or Ultrix, or
VMS (Version 4.1 or later) operating systems.

Downloading Files Into the Emulator

Absolute load modules and extended load modules
produced by the RA70136 package for the V33 can be
debugged by using the NEC IE-70136 stand-alone in-
circuit emulator. Communication between the IE-70136
and the host system is through an RS-232C serial line
using the KERMIT communication protocol developed at
Columbia University. With the appropriate version of the
KERMIT Communication Program running on both the
emulator and host system, absolute load modules, ex-
tended load modules, or hexadecimal object code files
may be transferred between machines.

A version of the KERMIT Communication Program is
supplied with the IE-70136.. Versions of KERMIT run on
the IBM PC, PC/XT®, PC AT®, or compatibles under
MS-DOS, and the DEC VAX under VMS, UNIX 4.2BSD or

4

available in the Multiple File Handler, a utility program
that runs in the emulator and is supplied with the
IE-70136. The Multiple File Handler allows the emulator
to read MS-DOS formatted disks, among others.

DOCUMENTATION

For further information on source program formats,
assembler operation, and actual program examples,
refer to the following manuals supplied with the
RA70136. Additional copies may be obtained from NEC
Electronics Inc.

RA70136 V33 Relocatable Assembler Package Lan-
guage Manual

RA70136 V33 Relocatable Assembler Package Opera-
tion Manual.

LICENSE AGREEMENT

RA70136 is sold under terms of a license agreement
included with purchased copies of the assembler. The
accompanying card must be completed and returned to
NEC Electronics Inc. to register the license. Software
updates are provided to registered users.

PC/XT and PC AT are registered trademarks of International Business
Machines Corporation,
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RA70320
Relocatable Assembler Package
for V25/V35 Microcomputers

Description

The RA70320 Relocatable Assembler package converts
symbolic source code for the V25™/V35™ family of
microprocessors into executable absolute address ob-
ject code. The package consists of four programs:
RA70320 assembler, LK70320 linker, OC70320 hexadec-
imal object code converter, and LB70320 librarian.

The RA70320 assembler translates a symbolic source
module into a relocatable object module. The LK70320
linker combines relocatable object modules and abso-
lute load modules and converts them into one absolute
load module. The OC70320 converts an absolute object
module or absolute load module to an expanded hexa-
decimal (7-bit ASCII) object file. -

The LB70320 librarian allows commonly used relocat-
able object modules to be stored in one file and linked
into multiple programs, greatly increasing programming
efficiency. When the input of the linker contains a library
file, the linker first extracts only those modules required
to resolve external references from the file and then
relocates and links these modules.

Features

.Absolute address object code output
Macro and eode macro capability
User-selectable and directable output files
Extensive error reporting -
Powerful librarian

Multisystem compatibility

— MS-DOS®

— VAX®/VMS®

— VAX/UNIX™ 4.2BSD or Ultrix®

o o o0 o o o

V25 and V35 are trademarks of NEC Corporation.

MS-DOS is a registered trademark of Microsoft Corporation.
VAX, VMS, and Ultrix ate registered trademarks of Digital
Equipment Corp.

UNIX is a trademark of AT&T.

50230

Ordering Information

Part Number Description
RA70320-D52 ~ MS-DOS; 5-1/4” double-density. floppy diskette
WT1 VAX/VMS; 9-track 1600 .BPI magnetic tape
VXT1 VAX/UNIX 4.2BSD or Ultrix; 9-track 1600 BPI
magnetic tape :
Assembler

The RA70320 assembler program translates a symbolic
source module into a relocatable object module by first
verifying that each instruction assembled is valid for the
target microprocessor and then producing a list file and
a relocatable object module (figure 1).

Figure 1. Relocatable Assembler Functional
Diagram
;sdz::f,z Include
File File
System . _RA70320 Temporary
Console y Work
Assembler Files
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Program Syntax

An RA70320 source module consists of a series of code,
data, or stack segments. Each segment contains lines
composed of up to four fields: symbol mnemonic, oper-
and, and comment.

The symbol field may contain either a label—whose
value is an instruction or data address—or a name that
represents an instruction address, data address, or con-
stant. The mnemonic field may contain an instruction or
assembler directive. The operand field contains the data
or expression for the specified instruction or directive.
Explanations for the statements may be inserted into the
comment field.

Character constants are translated into 7-bit ASCII
codes. Numeric constants may be specified as binary,
octal, decimal, or hexadecimal. Arithmetic expressions
may include the operators +, —, *, /, MOD, OR, AND,
NOT, XOR, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW,
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE,
GRSIZE, SMOFFSET, GROFFSET, TYPE, LENGTH,
SIZE, MASK, WIDTH, (), [], period (), colon (:), and
< >.

Macro and Code Macro Capability

RA70320 allows the definition of macro code sequences
with parameters, LOCAL symbols, and special repeated
code sequences. The macro code sequence is different
from a subroutine call in that the invocation of a macro in
the source code results in the direct replacement of a
macro. call with the defined code sequence.

RA70320 also allows the definition of code macros to
give the user the capability of defining a new instruction
(mnemonic). Aithough an instruction definition could
also be defined using the ordinary macro facility, code
macros specify the allowable operand types for the new
instructions whereas ordinary macros cannot.

Directives

Assembler directives give instructions to the program
but are not translated into machine code during assem-
bly. Basic directives include those for storage definition
and allocation (DB, DW, DD, DQ, DT, DBS, DWS, DDS,
DQS, DTS, STRUC/ENDS, RECORD); symbol control
(EQU, LABEL, PURGE); and program counter control
(ORG, EVEN, ALIGN). Program control directives in-
clude those for segment definition and control
(SEGMENT/ENDS, PROC/ENDP, ASSUME, GROUP,
END); special function registers and internal RAM
(SETIDB, ASGN SFR); linkage (NAME, PUBLIC, EXTRN);
and PARITY.
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The relocation types for SEGMENT/ENDS directives are
specified in the operand column and include BYTE,
WORD, PARA, PAGE, and INPAGE. The combination
types of PUBLIC, COMMON, AT, STACK, and MEMORY,
which are also specified in the operand column, define
the means of linking segments and groups of the same
name.

Controls

There are two types of assembler controls for the
RA70320:

o Basic (specified in the assembler command line)
— File specification
— Output file selection
— Output file destination
— Listing format controls
— Debug information output selection
— Symbol case selection
— Macro processing selection

® General (specified in the source program)
— Inclusion of other source files

. — Page eject

— Generation/suppression of listing
— Listing titles

Alist file may contain the complete assembly listing or it
may contain only lines with errors and a symbol or
cross-reference table. The symbol table lists all defined
symbols in alphabetical order and also shows: their
types, attributes, and the values initially assigned to
them. The cross-reference table contains ail defined
symbols, as well as the numbers of all statements refer-
ring to them.

The object file contains the relocatable object module.
The format of this module conforms to NEC'’s proprietary
relocatable object module format.

Linker

The LK70320 linker combines relocatable object mod-
ules and absolute load modules and produces one ab-
solute load module (figure 2). The controls for the linker
may be specified in either the command line or in-a
parameter file. In addition to being able to specify the
date, the module name, the starting address and the
order for code/data/stack segments, it is also possible to
protect areas of memory from being assigned. Further-
more, it is possible to instruct the program to create a
list file containing a link map, a local symbol table, or a
public symbol table. The absolute load module contains
symbol information for the symbolic debugger and the
absolute object code.
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Hexadecimal Object Code Converter

The OC70320 object code converter (figure 3) translates
an absolute load module file into an expanded hexadec-
imal (7-bit ASCII) file that may be downloaded to a PROM
programmer. Addresses may be specified as being out-
put in the order in which they were input or in ascending
order.

Librarian

The LB70320 librarian creates and maintains files con-
taining relocatable object modules. The program re-
duces the number of files that need to be linked together
by allowing several modules to be kept in a single file,
and also provides an easy way to link frequently used
modules into programs. Modules may be added, deleted,
or replaced within a library file.

Operating Environment

The RA70320 package has been designed to run under a
variety of operating systems. One version is available to
run on an MS-DOS system with one or more disk drives
and at least 512K of system memory. Other versions are
available to run on a Digital Equipment Corporation VAX
computer under the UNIX 4.2BSD, Ultrix, and the VMS
(Version 4.1 or later) operating systems.

Downloading Files into the Emulator

Absolute load modules produced by the RA70320 Relo-
catable Assembler package can be debugged by using
the NEC IE-70320 (V25) or IE-70330 (V35) stand-alone
in-circuit emulator. Communication between these emu-
lators and the host system is handled through an RS-
232C serial line that uses the KERMIT communications
protocol developed at Columbia University. With the
appropriate version of KERMIT running on both the
emulator and host system, absolute load modules or
hexadecimal object code files may be transferred be-
tween machines.

A version of the KERMIT Communication Program is
supplied with each NEC emulator. NEC supplies versions
of KERMIT to run on the IBM PC, PC/XT™, PC AT™, or
compatibles under MS-DOS operating systems, and the
Digital Equipment VAX under VMS, UNIX 4.2BSD, or
Ultrix. An appropriate version is provided with each
relocatable assembler package at no extra charge. Ver-
sions of KERMIT for other host systems are available
directly from Columbia University

A second means of loading files into the emulator is also
available in the Multiple File Handler, a utility program
that runs in the emulator and is supplied as part of the

IE-70320 and IE-70330 packages. The Multiple File Han-
dler allows the emulator to read MS-DOS formatted
disks, among others.

Figure 2. Linker Functional Diagram
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Figure 3. Hexadecimal Object Code
Converter Functional Diagram
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PC/XT and PC AT are trademarks of International Business Machines
Corp.
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Documentation .

For further information on source program formats,
assembler operation, and actual program examples,
refer to the following manuals .supplied with the
RA70320. Additional copies may be obtained from NEC
Electronics Inc.

e RA70320 V25/V35 Relocatable Assembler Package
Language Manual

e RA70320 V25/V35 Relocatable Assembler Package
Operation Manual.

License Agreement

RA70320 is sold under terms of a license agreement
included with purchased copies of the assembler. The
accompanying card must be completed and returned to
NEC Electronics: Inc. to register the license. Software
updates are provided to registered users.



NEC V25/V35 MINI-IE Plus

NEC Electronics Inc. In-Circuit Emulator

Description o Optional real-time trace (RTT) board

: — 8K frames by 48-bit trace r-
The V25 MINI-IE Plus and V35 MINI-E Plus are low-cost _Tworﬁ?rdwa¥e4bre;kg§imst’;“,fiftf] don't care
In-Circuit Emulators for the uPD70320 (V25™), features
uPD70325 (V25 Plus), uPD70330 (V35™), and uPD70335 — Eight external data inputs
(V35 Plus) microcomputers from NEC Electronics. Low

cost is achieved by using an IBM PC/XT®, PC ATe, IBM gﬁ;‘mz:ecg:ﬁ?ﬁe%“:gé‘grdin i
PS/2™, or compatible machine.

— 32-bit timer with 250-ns resolution
The control software for the MINI-IE Plus is AdVICE o Executes NEC .LNK absolute files and Microsoft

(Advance V-Series In-Circuit Emulator), which acts as .COM and .EXE files -

both a monitor and debugger. Debugging with break- — Files can be downloaded to and uploaded from
point and non-real-time tracing of executing programs the MINI-IE Plus

are accomplished in software using a V25/V35 micro- — Supports real-time and single-step emulatlon
Computel’ located on the MINI-IE Plus board. An op- — User programmable pub"c symbo| buffer size

tional real-time trace (RTT) board is available for those

who need this additional tool. O Controlled by powerful AdVICE monitor and -

o _ debugging program
The AdVICE software is designed to provide a very — Symbolic full screen debugger
user-friendly operating-debugging interface using a — Displays six window areas with second-level
custom multiwindow display. User code developed break setup window
with standard PC software development tools can be “— Updates dlsplay mformatlon as program single-
directly loaded (.EXE and .MAP files) into the MINI-IE- steps
Plus. The AdVICE control program can even be left in — On-line assembler
PC memory as a background TSR while code modifica- — Programmable trace and symbol buffer sizes
tion |s performed — On-line help menus
: — Keyboard macros speed up repetitive operations
Features v : : — User definable commands
X — Resident operation with hot key activation
= Emulates uPD70320/70330 at up to 8 MHz. — Message e)F:change capabilities between PC and
O Emulates uPD70325/70335 at up to 10 MHz emulator
O Jumper selectable internal or external (target) o Sample batch file contains demonstration
clock. ‘ program . .
O Parallel interface wnth host PC mterface card and m
cable included Ordering Information
o Connects to target system via flexible PLCC socket  Part Number Description
adapter ’ EB-V25MINI-IE-P pPD70320/70325 MINI-IE Plus package
— Emulation memory may be mapped to MINIE EB-V35MINIIE-P 4PD70330/70835 MINHE Plus package
Plus or target system - -
—Supports two 64K-byte mappable user . EB-V?5_/§5-RTT - V25/V35 MINIIE Plus reaktime trace option
emulation:RAM areas ' '
o Software break and trace capabilities
— Up to eight conditional breakpoints plus one in
command line
— Additional breakpoints can be given in the
command line
— Various actions can be programmed to-take
place on a break IBM PC/XT, IBM PC AT, and .IBM PS/2 are registered trademarks of
— Error checking of break entry conditions International Business Machines Corporation.

V25 and V35 are trademarks of NEC Corporation.
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HARDWARE

The V25/V35 MINI-E Plus package consists of five
components.

e V25/V35 MINI-E Plus box with target adapter
e Modified printer adapter card

e Interface cable

e Dc power plug

e AdVICE software and user’s manual

The MINI-IE Plus contains two 64K-byte blocks of static.

RAM that is allocated by software to any 64K-byte
boundary within the 1M-byte address range of the
V25/35. ROM simulation is performed by write protect-
ing this memory. An additional 64K bytes of RAM and a
128-byte |/O block are used by the internal monitor and
can be relocated by command to avoid conflicts with
external addressing needs.

Typical memory mapping allocates one block at the
beginning of the address space (00000H) and the other
at address OFO000H. This may represent the final hard-
ware configuration. The upper block would contain
program code and be write protected. Any writes to
this area would stop the program execution and allow
the user to analyze the program. This feature allows
debug when the program tries to write to ROM. Execu-
tion of the reset procedure is done by activating the
target's RESET pin. Emulator hardware/software will
not be reset by this action.

An optional real-time trace (RTT) board can be plugged
on top of the emulator card to provide a 48-bit by 8K
deep trace buffer. Eight external logic pins can be
monitored along with the V25/V35 bus signals.

Command control of the EA pin of the V25/V35 allows
use of ROM-based devices. After initialization, EA is
forced low to access external memory, but can be
forced high by command or may be controlled by the
target hardware.

The NMI signal is normally used by the MINI-IE Plus to
stop program execution using interrupt vector 02. Use
of the target NMI signal in an application is possible by
assigning an unused interrupt vector in place of the
normal vector. Any high-to-low transitions of the target
NMI signal will cause the emulator to execute this new
vector. ‘

The interface card-is a modified printer adapter card
that allows fast bidirectional communications between
the host PC and the MINI-IE Plus. This card is not
needed with an IBM PS/2. The interface cable connects
the MINI-IE Plus to the interface card on PC/XT/AT or
compatible or to the printer port of an IBM PS/2. Power
for the MINI-IE Plus is supplied via the interface card.
With PS/2, the dc power plug and a user-supplied
external + 5-volt power supply power the MINI-IE Plus.

The flexible target adapter allows direct connection to
a PLCC socket of the target hardware. The cable is
approximately 16 cm long and protrudes from the front
of the MINI-IE Plus box. See figure 1.

Figure 1. MINI-IE Plus Front Panel
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SOF TWARE

The control software (AV35N .EXE or AVRTT35N.EXE)
uses the PC screen to display program and memory
data. All information is updated after every command,
and it keeps the user informed of the current state of
the emulation. The screen is divided into seven areas.
These areas display the current contents of the regis-
ters and bottom of stack, the command line, two
memory dump areas with an additional ASCIl dump
display, the disassembler, and function key assign-
ments. See figure 2.

Help and other setup screens, such as breakpoint
menus, overlay some of the windows described above.
Executing a new command will restore the display to
the original screen. Figure 3 shows the AdVICE screen
with a help window and the command line prompts.

AdVICE controls all the monitor and debug functions of
the V25/V35 MINI-IE Plus including upload and down-
load of programs, breaking, tracing, program execu-
tion, disassembly, line assembly, and register/memory
display and manipulation. The cursor can be moved
anywhere within the window displays for immediate
change of the memory areas, registers, flags, and
breakpoints.

Figure 2. AdVICE Main Screen

Emulation

User programs loaded into emulator RAM can be exe-
cuted in real-time or in single-step mode. Single-step
mode executes only one instruction, and procedure
step executes an entire subroutine or software inter-
rupt routine. Real-time execution is command acti-
vated and terminates when a breakpoint is encoun-
tered or the user terminates execution from the
keyboard. Program execution is also stopped when an
exception interrupt or an interrupt with an unitialized
vector occurs.

Message exchange between the PC and an executing
application program is provided. See figure 4. An inter-
rupt function similar to the DOS INT21 allows commu-
nication to the application program without a keyboard
or display attached to the target system.

AW F700 IX 0000 PS F800 PC OOOF Stack +0 FFFF PSW FO002 IntM:1 V25
BW 0000 IY 0000 DS F700 +2 423E RB 7
CW 3BAS BP 0000 ES 0000 HS 0040 +4 23C3 V DIR IE S Z AC P CY
DW 0000 SP OOQOFE SS 0040 FS 0040 Resident +6 A352 O 0 0 o 0o o o0 o
[CMD > 1 001 2 3 4 5 6 7
DS:0000 FF FF FF FF FF FF FF FF
RESET: : DS:0008 - FF FF FF FF FF FF FF FF
0000 BBFFFF MOV AW, FFFF DS:0010 FF FF FF FF FF FF FF FF
0003 8EDS MOV DS, AW DS:0018 FF FF FF FF FF FF FF FF
0005 C6060F00F7 MOV [000F],F7 DS:0020 02 00 00 00 00 00 00 0O
000A B8OOF7 MOV AW,F700 DS:0028 00 00 00 00 00 81 00 00
000D BEDS8 MOV DS, AW DS: 0030 00 00 00 00 00 00 00 00
000F C606020FFF MOV PMCO,FF DS:0038 00 00 00 00 00 00 0O OQ
0014 C606E10FB2 MOV RFM,B2 DS:0040 FF FF FF FF FF FF FF FF
0019 C706E80F5555 MOV WTC,5555 DS:0048 FF FF FF FF FF FF FF FF
2 o 1 2 3 4 5 6 7 8 9 A B C D E F
FS:0000 CC OF 42 6C D4 2F EE A2 1F 00 76 FE 98 84 7F FO .BlL/eb . .vmy=
FS:0010 47 4D FE FB SE 2A AC 53 0C 99 FD E7 6F 6B 81 FB GMmY "+XS  .0%tokuY
FS:0020 FF FF FF FF FF FF FF FD FF FF 3F FF FD FF FF FF 3 ? 32
FS:0030 FF FF FF FF FF FF FF FF FF FF FF FF FF 7F FF FF
FS:0040 22 44 CE AE A2 C7 67 FD B2 09 EF F7 11 05 7F 73 ‘"D+‘b[g3 a.ﬂ:fs
1 Step 2ProcStep 3Retrieve 4Help ON 5BRK Menu 6 DOS 7 up 8 dn 9 le 10 ri
B83-6760A
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Figure 3. AdVICE Screen With Help Menu and Command Line Prompts

AW F700 IX 0000 . PS FBOO PC COOF Stack +0 FFFF PSW F002 IntM:1 V25
BW 0000 IY 0000 DS F700 o +2 423E RB 7 C
CW 3BA8 ~'BP 0000 ES 0000  -HS 0040 +4 23C3 V DIR IE S Z AC P CY
DW 0000 SP OOQOFE SS 0040 FS. 0040 Resident = +6 A352. 0. 0.0 0 O O 0 O
D. or DEF .or DIR - - - -
CMD >D i ’ : » 1. . 0.1 2 3 4.5 6 17
— . - . FFB8—- DS:0000 FF FF FF FF FF FF FF FF
0O0E7 8BD MOV BW, 1Y o D§:0008 FF FF FF FF FF FF FF FF
.00E9 2EFF15 CALL . .PS:[IY] DS8:0010 FF FF FF FF FF FF FF FF
_00EC EBCS6 BR ..V40_CLI : . DS:0018 FF FF FF FF FF FF FF FF
VECTOR_TABLE: ' DS:0020 02 00 00 00 00 00 00 00
O0EE 56 PUSH IX DS:0028 00 00 00 00 00 81 00 00
OO0EF 029802F0 ADD BL, (FOO2+BW+IX] DS§:0030 00 00 00 00 00 00 00 0O
00F3 0450 ' ADD AL, 50 .DS:0038 00 00 00 .00 00 00 00 00
00F5 03B40328 " ADD - - IX,[2803+IX] . DS:0040 FF FF FF FF FF FF FF FF
00F9 024805, . ADD CL, [(BW+IX+05] DS:0048 FF FF FF FF FF FF FF FF

D (/M ON | OFF} addr .
Display - code ‘at the specified address. With 'D *' or 'Ctrl-Enter' the
address of the current instruction will be used. If a memory location is
accessed by the actual instruction its value is shown on the screen. Use
to optional /M parameter to control the display of this memory data.
Standard segment PS: .

With PgUp/PgDn text can be paged :
1 Step 2ProcStep 3Retrieve 4Help OFF 5BRK Menu 6 DOS 7 up 8 dn 9 le 10 ri

83-6761A
Figure 4. Executing Program with Message Exchange
AW F700 IX 0000 PS 0065 PC 0000 Stack +0 FFFF PSW F002 1IntM:1 V25
BW 0000 IY 0000 DS F700 +2 340C RB 7
CW 00B2 BP 0000 ES 0000 HS 0060 +4 0012 V DIR IE 8, Z AC P CY
DW 0000 SP O1FE S8 0040 F8 0040 Regident +6 5400 0O 0.0 O 0O 0 O ©
or GC - - -
CMD >G . . 1 o 1 2 3 4 5 6 7
. : D8:0000 FF FF FF FF FF FF FF. FF
2 > *x*x EX ECUTTING G **x Analyze DS:0008 FF FF FF FF FF FF FF FF
.Emulator Messages : < from emulator > to emulator
<The V35/25 timer was gtarted !
(Wait for- the break condition to become true
83-6762A
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Break Capabilities

The breakpoint entry menu is a second-level menu and
can be entered by F5 key of the PC keyboard. The menu
contains six fields: breakpoint number, breakpoint con-
ditions, a count, number of occurrences, and action to
be taken.

Up to eight address breakpoints can be defined in the
menu. They can be tagged with conditions and a count
value (maximum of 65,535) for the number of times the
breakpoint is satisfied. Up to eight conditions may be
entered for each breakpoint, including satisfying other
breakpoints and comparisons of register and memory
contents (direct or indirect addressing modes) with
those of other registers, memory locations, and imme-
diate values. See figure 5.

The action field defines an operation.or operations to
be done when a breakpoint occurs. Such actions are
trace on/off, analyze on/off, restart the breakpoint,
browse through a file, turn on/off the snap feature, and
jump to a different section of code.

To set up the analyze mode, an address field in the
breakpoint menu is left empty but conditions are
placed in the condition field. Then, on enabling the
analyze mode, the program is run in single-step mode
while the conditions are checked. Inthe snap mode, the
instruction and the register values are put in the trace
buffer when conditions for a breakpoint are met.

Actions to be performed are taken when the occur-
rence counter is equal to a specified count. This occur-
rence counter is incremented only when all specified
conditions are true. When emulation is to resume after
a breakpoint, an option can be used in the GO com-
mand that will not reset the occur field and the trace
mode.

Trace Capabilities

The MINI-IE Plus traces program execution in single-
step mode. This software method allows the AdVICE
monitor program to record the current register con-
tents and the top four words of the stack. In order to
start filling the trace buffer, the trace on action must be
given at an address breakpoint. The buffer, which can
be displayed from the main screen or from the menu
screen, is filled in a round-robin fashion. See figure 6

The trace buffer is located in the MINI-IE monitor RAM.
The default size of 37K bytes allows for 1000 records to
be stored. A trace record consists of the V25/V35
instruction and ‘associated register and stack con-
tents. The buffer can be varied in size from 1k to 38k by
means of a startup invocation switch.

The real-time trace option is available when require-
ments do not allow the single step of the user program
for softwaretracing. The RTT will record the data on the
businreal time and the RTT software allows the userto
view the data in disassembled format when the execu-
tion is stopped. See figure 7.

The RTT buffer is 8191 frames by 48 bits. A qualifier can
be specified to restrict recording to specific condi-
tions. Two hardware breakpoints—made from address,
data, bus cycle type, and external logic inputs—allow
multiple actions to be executed (such as RTrace on/off,
break, timer on/off).

. CONNECTION TO IBM PC

The V2535 MINIHE Plus can be used with IBM PC/
XT/AT or full compatibles, and on IBM PS/2. A mono-
chrome, CGA, Hercules® color graphics, or EGA
adapter and corresponding monitor is required. With
IBM PC/XT/AT, at least one expansion slot must be
available for use with the parallel interface adapter
included with the MINI-IE Plus.

At least one printer port address should also be avail-
able. IBM PS/2 models will use the system printer port
and will require a user-provided + 5-volt dc power
supply to power the MINI-E Plus. A minimum of 88K
bytes of free memory is neededto run AdVICE. A hard
disk is not required but is recommended.

The parallel board of the MINI-IE Plus is hardwired for
address 0278H of the PC 1/O space. A provision on the
parallel board allows you to change the I/O address to
a different value, and a command line switch tells
AdVICE where the parallel board is located.

With the MINI-EE Plus board connected to the parallel
board via the 25-line cable, running the AdVICE pro- .
gram will initiate communications with the MINI-IE Plus
and/or the target system.
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Figure 5. Example of Breakpoint Entry Menu With Help

Can be used to define a condition that must be true when the breakpoint
is hit. Up to 8 conditions can be specified for each breakpoint. If all
conditions are true the 'Occur'-counter is incremented until it is equal
to 'Count' and the 'Action' is performed.

Example: BR3 AW>=123 DS:[IX]= /W ES:32B4 CY=1

For more details refer to the user's manual.

BR# Break_ADR  Condition Count Occur ‘Action
1 MAIN20 et it it e i s i et 1 1 trace ON
2 MAINGO ittt ttienennedineeenaseanans 1 1 TR OFF A ON
3 SWTIM >= 0100 ...ttt ennnnnns 1 1 br
T 0 0
L PP 0 0
6 - i ettt e e e 0 0
T o= i i e P . 0 0
8 - e e e e e e e et e st eamcteactescanseana 0 0 .
Address AddrM Type Dir Dat DaM ExD ExM P2 P2M Action
EV1l TIMER FFFFF M R 0 00 .. 0 0 0 00 RT ON TI ON
EV2 0 FFFFF M R 0 00 0 0 0 00
QUA O 000 X X 0 0 RTT Mode: C
1View Trace 3Read Setup 4 Help OFF 5 CMD line 7Save Setup 9Clear BR10Clear-OCC
. ) 83-6763A
Figure 6. Soft Trace Buffer Display
TR ACE B UFFER DISPLAY
Buffer Offset : 0
*xx Begin of TRACE buffer xx
MAIN20: AW=FF00 IX=0004 PS=0065 Stack+0 E803
0027 CALL INIT_TIMER . BW=0000 IY=0074 DS=0060 +2 340C
>Started by BR1 V DIR IE S Z AC P CY CwWw=00B2 BP=0000 ES=FF00 +4 0012
) : 0 0 0 0 1 0 1 0 DW=1388 ©SP=01FE SS=0040 +6 5400
INIT_TIMER: AW=FF00 IX=0004 PS=0065 Stack+0 002A
003E MOV ES:TMCO,CO , BW=0000 1IY=0074 DS=0060 +2 E803
V DIR IE S 'Z AC P CY CW=00B2 BP=0000 ES=FF00 +4 1340C
0O 0 0 O 1 0 1 O DW=1388 SP=01FC 5S5=0040 +6 5400
0044 MOV ES:MDO0,0140 AW=FF00 IX=0004 PS=0065 Stack+0 002A
BW=0000 1IY=0074 DS=0060 . +2 E803
V DIR IE S Z AC P CY CW=00B2 BP=0000 ES=FFO00 +4 340C
00 O 0 1 0 1 0 DW=1388 SP=01FC SS8=0040 +6 5400
004B MOV ES:TMICO0,07 AW=FF00 IX=0004 PS=0065 Stack+0 002A
BW=0000 1Y=0074 DS=0060 +2 EBO3
V DIR IE S Z AC P CY CW=00B2 BP=0000 ES=FF00 +4 340C
. 0 0 0 -0 1 0 1 O DW=1388 SP=01FC SS8S=0040 +6 5400
0051 RET AW=FF00 IX=0004 "~ PS=0065  Stack+0 002A
BW=0000 IY=0074 DS=0060 : +2 EB803
V DIR IE 8 2 AC P CY CW=00B2 BP=0000 ES=FF00 - +4 340C
0O 0 0 0O 1 0 1 O DW=1388 SP=01FC §SS=0040 +6 5400
Use curgor keys to scroll data up and down Fl1 or '—1' to return
83-6764A
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Figure 7. Real-Time Trace Buffer Display
Real-Time Trace Data
Addr Ctl Data External P2 Record 1 of 2271
00B02 M R FA FF=11111111 FF _astart:
FA DI
00B0O3 M R B8 FF=11111111 FF B82103 MoV AW, 0321
00B04 M R 21 FF=11111111 FF vdgroup@:
00B0O5 M R 03 FF=11111111 FF
00BO6 M R BB FF=11111111 FF BB2103 MOV BW,0321
00B07 M R 21 FF=11111111 FF
00BO8 M R 03 FF=11111111 FF
00B09 M R B9 FF=11111111 FF B9B003 MOV CW,03B0
00BOA M R BO FF=11111111 FF
00BOB M R 03 FF=11111111 FF
00BOC M R B9 FF=11111111 FF B91202 MOV CW,0212
00BOD M R 12 FF=11111111 FF
00BOE M R 02 FF=11111111 FF
00BOF M R FC FF=11111111 FF FC CLR1 DIR
00B10 M R 8E FF=11111111 FF 8EDB MOV D3, BW
00B11 M R DB FF=11111111 FF
00B12 M R BA FF=11111111 FF BAFFFF MOV DW,FFFF
00B13 M R FF FF=11111111 FF
00B14 M R FF FF=11111111 FF
00B15 M R 8E FF=11111111 FF 8EC2 MoV ES,DW
00B16 M R c2 FF=11111111 FF
1Show MKl 2Show MK2 3Set MKl 4Set MK2 Ctl-PgDn/Up:+/- 100 Ctl-End/Home:+/-1000
83-8768A

V25 PLUS AND V35 PLUS EMULATION

The V25 MINI-IE Plus can emulate both the standard
V25 and the V25 Plus. This is accomplished by simply
switching the V25 in the emulator with the V25 Plus
chip. The emulator can be upgraded to support the V25
Plus at 10 MHz, either by changing the 16-MHz crystal
in the emulator with a 20-MHz crystal or by using an
external 20-MHz frequency source. (Do not use an
external crystal as a frequency source because the
crystal may not oscillate due to probe cable effects.) In
addition to changing the emulator CPU, 10-MHz oper-
ation requires replacement of memory devices in the
emulator. The V25 MINI-IE Plus requires 70-ns access
time (or faster) and 32K-byte by 8-bit static memory
chips when run at zero wait states and 10 MHz.

The V35 MINI-IE Plus can emulate the V35 in the same
manner as described above. Note that 10-MHz opera-
tion also requires the faster SRAMS. The V25 MINI-IE
Plus cannot be used to emulate either the V35 or V35
Plus devices; the V35 MINI-IE Plus cannot be used to
emulate either the V25 or V25 Plus devices.

The control program of the V25 MINI-IE Plus and V35
MINI-E Plus will automatically sense the CPU in the
emulator upon power-up and adjust the internal Spe-

cial Function Registers to support the installed CPU. m
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NEC Electronics Inc.

V40/V50 MINI-IE
In-Circuit Emulator

Description

The V40 MINI-IE and V50 MINI-IE are low-cost in-circuit
emulators for the uPD70208 (V40™) and uPD70216
(V50™) microcomputers. The MINI-IE is designed to be
used with an IBM PC/XT®, PC AT®, IBM PS/2®, or com-
patible machine. The control software for the MiNI-IE is
AFD-Sym (Advanced Full-Screen Debug with Symbols),
which acts as both a monitor and debugger. Debugging
with breakpoints and non-real-time tracing of execut-
ing programs are accomplished in software using a
V40/V50 microprocessor located on the MINI-IE board.

Features

O Emulates uPD70208/70216 at 8 MHz

O Parallel interface with host PC; interface card and
cable included

O Connects to target system via PGA or‘PLCC’probe

o MINI-IE hardware

— 64K bytes of static RAM starting at address
0000:0

— MINI-IE reserved PROM at address F800:0
through FFFF:F

— MINIHE memory may be disabled to use target
memories

— 32 bytes of MINI-IE I/O starting at address
8000:0 ,

O Software break and trace capabilities

— Up to eight conditional breakpoints in break
definition mode v

— Additional breakpoints can be given in the
command line

-~ Various actions can be programmed to take
place on a break

— Error checking of break entry condmons

0 Executes NEC .LNK absolute files and Microsoft
.COM and .EXE files
— Files can be downloaded to and uploaded from
the MINI-IE
— Supports real-time and single-step emulation
— User-programmable public symbol buffer size

IBM PC/XT, IBM PC AT, and IBM PS/2 are registered trademarks of
International Business Machines Corporation.

Hercules is a registered trademark of Hercules Computer
Technology Inc.

V40 and V50 are trademarks of NEC Corporatlon

50232-1

0 Controlled by powerful AFD- Sym monitor and

debugging program

— Symbolic full-screen debugger

— Uses function keys as well as direct command
entry

— Displays six window areas with second-level
break setup window ;

— Updates display information as program single
steps

— On-line assembler

— Evaluates and displays arithmetic expressions

— Displays color on color systems

— Programmable trace and symbol buffer sizes

— On-line help menus

— Macro command capability

0 Sample batch file contains demonstration
program

Ordering Information

Part Number Description

EB-VAOMINHE uPD70208 (V40) PC-based MINI-E with
adapter

EB-VSOMINI-IE uPD70216 (V50) PC-based MINHKE with
adapter

ADAPT68PGA68PLCC  Adapter for 68-pin PLCC socket
(shipped with MINI-E)

HARDWARE

The MINIHE (figure 1) consists of a parallel interface
board providing bidirectional data communication and
a uPD70208 or uPD70216 emulation board (or MINK-IE
board). The parallel board fits into a free slot in the PC
and is -hardwired for address 0278H within the PC 1/O
space.

The MINI-IE board consists of a uPD70208 or uPD70216,
32K bytes of EPROM, 64K bytes of static RAM, decod-
ing logic, and a paralle! interface. It can receive power
from the PC, the target system, or an external supply.
The MINI-IE board connects to the parallel board in the
PC by a 25-line cable.

The MINI-E can be connected directly into a 68-pin

' PGA socket on the target system or into a 68-pin PLCC

socket on the target system through adapter
ADAPT68PGA68- PLCC. In this  configuration, the
MINI-IE RAM and EPROM can be disabled via jumpers
so that target memory is accessed, or a combination of
MINI-IE and target memories can be used.
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Figure 1. V40/V50 MINI-E Board (Component Side)
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Figure 2. - AFD-Sym Main Screen
AW G207 IX 0C00 PS 0221 PC 0000 Stack +0 FFFF PSW F002 IntM:1 V40
W 0000 IY 0184 DS 0220 " +2 340C
CW 0089 BP 0000 ES 0000 HS 0220 +4 0012 V DIR IES Z AC P CY
DW FFFD SP O1FE  SS 0200  FS 01BB +6 0000 0 .0:0 0-0 O 0 O
or GC - = . :
[CMD & : 1. .0 1 2 3 4 5 6 17
e S : . DS:0000 OC 34 12 00 00 00 00.00
2 > *x* EXECUTTING *x*x Analyze | DS:0008 00 00 00 00 00 00 00 00
MAIN: DS:0010° B8 20 02 8E D8 90 FA 33
0000 B82002 MOV AW, 0220 DS:0018 CO B8E CO 90 FC BF 80 01
0003 BED3 MOV - DS, 29 DS:0020 B8 65 00 AB 8C C8 AB EB8
0005 90 NOP DS:0028 08 00 33 CO FB 40 90 EB
© 0006 FA DI o DS:0030° FC CC BA FC FF BO 00 EE
0007 33C0 XOR "~ AW,AW DS:0038 BA FA FF BO 60 EE BA F9
0009 8ECO MOV ES, AW DS:0040 FF BO 50 EE BA FO FF BO
000B 90 NOP DS:0048 01 EE BA FD FF B8 02 00
2 34 5 6 7 8 9 A B C D E F 0 1 2
_HS:0003 00 00 00 00. 00 00 00 00 00 00 00 00 00 B8 20 02
HS:0013 8E D8 90 FA 33 CO 8E CO 90 FC BF 80 01 B8 65 00
HS:0023 AB 8C C8 AB E8 08 00 33 CO FB 40 90 EB FC CC BA
© HS:0033" FC FF BO 00 EE BA FA FF B0 60 EE BA F9 FF BO 50
HS:0043 " EE BA FO FF BO 01 EE BA  FD FF B8 02 00 EE BO 13
1 Step 2ProcStep 3Retrieve AHelp' QN, 5BRK Menu 6 7 up 8 dn 9 le 10 ri

83-6767A
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SOFTWARE

The control software, AFD-Sym, provides six windows
on the main screen display (figure 2).

. pPD70208/70216 registers and flags and the top four
words of the stack
e Command entry line

e Offset addresses, opcodes, and disassembly of eight
lines of the program load area

80-byte memory dump area
Second 80-byte memory dump area

ASCIl equivalent of the second 80M-byte memory
area

AFD-Sym controls all the monitor and debug functions of
the MINHHE including uploading and downloading pro-
grams, program execution with or without breakpoints,
recording of trace history, disassembly, indine code
assembly, and register/memory display and manipula-
tion. The cursor may be moved anywhere within the
window displays for immediate change of the memory
areas, registers, flags, and breakpoints.

AFD-Sym software running on a PC requires 75K to 147K
bytes of system memory depending on the options
required. It may be copied to a hard disk or run directly
from the floppy diskette.

Emulation RAM area starting at address.0000:0 is partly
used by the AFD-Sym monitor and the interrupt vectors.
The lowest available user memory is indicated by the
segment registers after reset and depends on the trace
buffer size allocated. The AFD-Sym code in EPROM is
located at F800:0 and the following 32K bytes are re-
served for this purpose.

Emulation
User programs loaded into emulator RAM or EPROM can

be executed in real-time or in single-step mode. Single-

step mode executes only one instruction; procedure
step executes an entire subroutine or software interrupt
routine. It is possible to single-step a hardware interrupt
handler when the associated interrupt mode is selected.
Real-time execution is command activated and termi-
nates when a breakpoint is encountered or the user
terminates execution from the keyboard. Program exe-
cution is also stopped when an exception interrupt or an
interrupt with an uninitialized vector occurs.

Programs generated using NEC’s RA70320 Relocatable
Assembler package allow symbols to be loaded directly
with the program code. Programs produced with devel-
opment tools that generate .EXE or .COM files can be
loaded into the MINI-IE, but symbols must be loaded
separately. Several symbol files can be loaded into the
internal symbol table. The buffer used for symbol stor-
age is allocated in the PC and can be varied in size from
1K to 64K bytes. Symbols can be added, deleted, and
renamed interactively.

Break Capabilities

Two types of breakpoints are available. Immediate break-
points are entered directly with the execution command
and stop execution when the instruction at the specified
location is to be executed. The second type of break-
point is specified in a separate breakpoint menu.

The breakpoint entry menu (figure 3) is a second-level
menu and can be entered by F5 key of the PC keyboard.
The menu contains six fields: breakpoint number, break-
point conditions, a count, number of occurrences, and
action to be taken.

Up to eight address breakpoints can be defined in the
menu. They can be tagged with conditions and a count
value (up to 65,535) for the number of times the break-
point is satisfied. Up to eight conditions may be entered
for each breakpoint, including satisfying other break-
points and comparisons of register and memory con-
tents (direct or indirect addressing modes) with those of
other registers, memory locations, and immediate
values.

The action field defines an operation or operations to be
done when a breakpoint occurs. Such actions include
trace on/off, analyze on/off, restart the breakpoint,
browse through a file, turn on/off the snap feature, and
jump to a different section of code.

To set up the analyze mode, an address field in the
breakpoint menu is left empty but conditions are placed
in the condition field. Then, on enabling the analyze
mode, the program is run in single-step mode while the
conditions are checked. In the snap mode, the instruc-
tion and the register values are put in the trace buffer
when conditions for a breakpoint are met.

Actions are performed when the occurrence counter is
equal to a specified count. This occurrence counter is
incremented only when all specified conditions are true.
When emulation is to resume after a breakpoint, an
option can be used in the GO command that will not
reset the occur field and the trace mode.
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Trace Capabllltles

The MINI-E trace is handled in software by the: AFD-
Sym. When trace is active, the current register contents
and the top four words of the stack are saved to the trace
buffer, along with the instruction that is to be executed
in single-step mode. Program execution is not in real
time when trace or analyze modes are enabled. Interrupt
routines are, however, executed in real time andare not
recorded in the trace buffer (unless the user selects
interrupt step mode of the MINI-IE).

The trace buffer resides in the emulation memory and its
size can be set from 1K to 64K bytes by the user. The
default size of 4K bytes allows 100 records to be stored:
Trace data, which can be displayed from the main screen
or from the menu -screen, can be shown with register
contents or instructions only. See figure 4. Records can
be printed or saved to a file. If symbols are loaded, they
will be shown in the trace records. ’

Figure 3. Breakpoint Entry Menu

CONNECTION TO IBM PC

The V40 or V50 MINI-E. can be used with IBM PC/XT/AT
or full compatibles, and on IBM PS/2. A monochrome,
CGA, Hercules® color graphics or EGA adapter and
correspondlng ronitor is required. With IBM PC/XT/AT,
at least one expansion slot must be available for use with
the parallel interface adapter included with the MINI-E.

At least one printer port address should also be avail-
able. IBM PS/2 models will use the system printer port
and will require a user-provided -+ 5-volt dc power supply
to power the MINI-E. A minimum of 75K bytes of free
memory is needed to run AFD-Sym. A hard disk is not
required but is recommended.

The parallel board of the MINI-IE is hardwired for address
0278H of the PC I/O space. A provision on the parallel
board allows you to change the /O address to a different
value, and a command line switch telis AFD-Sym where
the parallel board is located.

With the MINI-E board connected to the parallel board
via the 25-ine cable, running the AFD-Sym program
initiates communications with the MINI-IE and/or the
target system.

- AW ‘02A0 IX 0000 PS 0221 PC 001lE

BW 0000  IY 0184 DS 0220 S
., CW 0089  BP 0000 ES 0000 HS 0220
DW FFFD  SP 01FE  SS 0200 FS 01BB

Stack +0 FFFF PSW. F216 IntM:1’ V40
. +2°340¢ ) : .
“+4 0012 V DIR IE S Z AC P CY

+6 0001 o 0 1 0 0 1 1 0

the breakpoint is inactive.
for this breakpoint. With 'Alt'+n

Standard segment PS:

Defines the address of a breakpoint.
A breakpoint with an empty address field
will be checked on every break if count>0 and an action is specified
(n=1..8)
instruction will be stored to the corresponding breakpoint.

Wwith '—' as the first character

the address of the actual

BR# Break ADR Condition
' MAINZ0
MAING6O

R . ST R
|

€Count Occur
............ 1 1 trace ON
............ 1 1 TR OFF A ON
............ 1 1 br
............ 0 0
............ 0 )
............ 0 0.
............ 0 0
............ 0 0

Action:

“1View Trace 3Read Setup 4 Help OFF

5 CMD 1line

7Save Setup 9Clear BR10Clear OCC

83-6768A
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Figure 4. Trace Buffer Display

TR ACE B UFFER DISPLAY
Buffer Offset : 0
*x*%* Begin of TRACE buffer **

MAIN20: AW=0221 IX=0000 PS=0221 Stack+0 FFFF
0017 CALL INITV40 BW=0000 1IY=0184 DS=0220 +2 340C
>Started by BR1 V DIR IE S Z AC P CY Cw=0089 BP=0000 ES=0000 +4 0012

0 0 0 0 1 0 1 O DW=FFFD SP=0l1FE S$=0200 +6 0000

INITV40: AW=0221 IX=0000 PS=0221 Stack+0 001A

0022 MOV DW,FFFC BW=0000 IY=0184 DS=0220 +2 FFFF
V DIR IE S Z AC P CY CW=0089 bBP=0000 ES=0000 +4 340C

0 0 0 0 1 0 1 O DW=FFFD SP=01FC 5S=0200 +6 0000

0025 MoV AL, 00 AW=0221 IX=0000 PS=0221 Stack+0 001A
BW=0000 IY=0184 DS=0220 +2 FFFF

V DIR IES Z AC P CY CW=0089 BP=0000 ES=0000 +4 340C

0 0 0O 0 1 0 1 O DW=FFFC SP=01FC SS=0200 =6 0000

0027 OUT DW, AL AW=0200 IX=0000 PS=0221 Stack+0 001lA
BW=0000 IY=0184 DS=0220 +2 FFFF

V DIR IE S Z AC P CY Cw=0089 BP=0000 ES=0000 +4 340C

0 0 0 O 1 0 1 O DW=FFFC SP=01FC $S=0200 +6 0000

0028 MoV DW, FFFA AW=0200 IX=0000 PS=0221 Stack+0 001A
BW=0000 IY=0184 DS=0220 +2 FFFF

V DIR IE S 2 AC P CY CW=0089 BP=0000 ES=0000 +4 340C

0O 0 0 0 1 0 1 O DW=FFFC SP=01FC SS=0200 +6 0000

Use cursor keys to scroll data up and down Fl or Eﬁ' to return
83 8760A
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16-Bit CPUs

16-Bit Microcomputers

Peripherals for CPUs

Development Tools

Package Drawings
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Package Drawings

Section 7

Package Drawings

Package/Device Cross-Reference 7-3
18-Pin Plastic DIP 7-5
20-Pin Plastic DIP (300 mil) 7-5
20-Pin Plastic SOP (300 mil) 7-6
24-Pin Plastic DIP (600 mil) 7-6
28-Pin Plastic DIP (600 mil) 7-7
28-Pin PLCC 7-8
40-Pin Plastic DIP (600 mil) 7-8
44-Pin Plastic QFP (P44G-80-22) 7-9
44-Pin Plastic QFP (P44GB-80-3B4) 7-9
44-Pin PLCC 7-10
48-Pin Plastic DIP 7-11
52-Pin Plastic QFP 7-12
52-Pin PLCC 7-13
68-Pin PLCC 714
68-Pin Ceramic PGA 7-15
74-Pin Plastic QFP 7-16
80-Pin Plastic QFP 717
84-Pin PLCC 7-18
84-Pin Ceramic LCC 719
94-Pin Plastic QFP 7-20
120-Pin Plastic QFP 7-21
132-Pin Ceramic PGA 7-22

72
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Package/Device Cross-Reference

Package Device, uPD Package Device, uPD
18-Pin Plastic DIP 71011C-8 44-Pin Plastic QFP 71037GB-10
71084C-8 2.70 mm thick 71051GB-10
71084C-10 71054GB-8
20-Pin Plastic DIP (300 mil) 71082C 71054GB-10
71083C 71055GB-8
71086C 71055GB-10
71087C 71059GB-8
71088C-8 ' 71059GB-10
71088C-10 44-Pin PLCC 70108L-8
20-Pin Plastic SOP (300 mil) 71011G-8 70108L-10
71082G 70116L-8
71083G 70116L-10
71084G-8 : 71037LM-10
71086G ' 71055L-8
71087G ' 71055L-10
71088G-8 48-Pin Plastic DIP 71071C-10
24-Pin Plastic DIP (600 mil) 71054C-8 52-Pin Plastic QFP 70108GC-8
71054C-10 70108GC-10
28-Pin Plastic DIP (600 mil) 71051C-8 70116GC-8
71051C-10 ‘ 70116GC-10
71059C-8 52-Pin PLCC 71071L-10
71059C-10
- ' 68-Pin PLCC 70136L-12
28-Pin PLCC 71051L-8 ‘ 70136L-16
71051L-1
051L-10 70208L-8
s,
) 70216L-8
71050L-8 ' 70216L-10
71059L-10 ‘ .
- - 68-Pin Ceramic PGA 70136R-12
40-Pin Plastic DIP (600 mil) 70108C-8 70136R-16
70108C-10 70208R-8
70116C-8 70208R-10
70116C-10 70216R.-8
71037CZ-10 70216R-10
71055C-8 . -
74-Pin Plastic QFP 70136GJ-12
71055C-10 70136GJ-16
44-Pin Plastic QFP 71054G-8 ! .
80-Pin Plastic QFP 70208GF-8
(P44G-80-22); 1.45 mm thick 71055G-8 in Plastic Q 70208GF-10
71059G-8 70216GF-8
70216GF-10




Package Drawings

NEC

Package/Device Cross-Reference (cont)

Package Device, uPD

84-Pin PLCC 70320L
70320L-8

70322L-xxx
70322L-8-xxx

70325L-8
70325L-10

70327L.-8-xxx
70330L-8
70332L-8-xxx

70335L-8
70335L-10

70337L-8-xxx
79011L-8
79021L-8

84-Pin Ceramic LCC 70P322KE-8

94-Pin Plastic QFP 70320GJ
70320GJ-8

70322GJ-xxx
7022GJ-8-xxx

70325GJ-8
70325GJ-10

70327GJ-8-xxx
70330GJ-8
70332GJ-8-xxx

70335GJ-8
70335GJ-10

70337GJ-8-xxx
79011GJ-8
79021GJ-8

120-Pin Plastic QFP 70236GD-10
| 70236GD-12
70236GD-16

132-Pin Ceramic PGA 70236R-10
70236R-12
70236R-16

71641R




E

Package Drawings

18-Pin Plastic DIP
ftem Millimeters Inches [le i T o T s I O e P%
A 22.86 max .900 max
B 1.27 max .050 max
C 2.54 (TP) .100 (TP) -
D osoxoto 020 503 r
- - T T 0T T T 0T 10004
F 12 mn 047 min 1 ] 5
G 35 +£0.3 138 +.012 | E
H 0.51 - min .020 min A
| 4.31 max .170 max L
J 5.08 max .200 max
K* 7.62 (TP) .300 (TP)
L 6.4 252
+0.10 +.004
M 025 5o 010 T 50s
N 0.25 .010
P 1.0 min .039 min

* Item K to center of leads
when formed parallel.

P18C-100-300A,C

~/-_

-

0-15°

49NR-5068
(4/89)

20-Pin Plastic DIP (300 mil)

20
Y Y Y o Y Y Y I

Item Millimeters Inches
A 25.40 max 1.000 max
B 1.27 max .050 max
c 254 (TP) .100 (TP)
D 050 £0.10 020 * 008
F 1.1 min .043 min
G 3.5 +0.3 138 £.012
H 0.51 min .020 min
| 4.31 max .170 max
J 5.08 max .200 max
K* 7.62 (TP) .300 (TP)
L 6.4 .252
Mooo02s 2002 10 7002
N 0.25 010
P 0.9 min .035 min

* ltem K to center of leads
when formed parallel.

P20C-100-300A, C

mUsm
|

|0 O U Uy U O U Ny |
1

\

0-15°

/

4ONR-624B (11/89)




Package Drawings

20-Pin Plastic SOP (300 mil)

20 11
item Millimeters Inches
A 13.00 max .512 max HEARHAAAAAH
B 0.78 max .031 max
c 1.27 (TP) .050 (TP) -
0.10 +.004 (o]
D 040 * 016
—-0.05 —.003 -
E 0.1 £0.1 .004 +.004 EIH BEHHEEEH 1H0
F 1.8 max .071 max H
G 1.55 .061
H 7.7 £0.3 .303 +£.012
| 56.. .220
J 1.1 .043
+0.10 +.004
K 020 pp5 008 _'npp
L 0602 024 008 I.__

P20GM-50-3008,C o 4ONR-594B (0/89)

24-Pin Plastic DIP (600 mil)

tem Millimeters Inches

A 33.02 max 1.300 max 24 13
B 2.54 max ..100 max MO0 mrlmnsn
C 2.54 (TP) .100 (TP)

D os0:010 020 008

F 1.2 min .047 min

G 3.5 +0.3 138 +.012 N _

H 051 min 1020 min 7/

| 4.31 max .170 max

J 5.72 max .226 max

K* 15.24 (TP) .600 (TP) .

L 182 520 oo oo ot
M 025010 g9+ 004 1 R 12

. ~0.06 -.003
N 0.25 .010. o A

* Item K fo center of leads
when formed parallel.

~/e_ \-

P24C-100-600 49NR-592B (9/89)
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NEC

Package Drawings

28-Pin Plastic DIP (600 mil)

Item Millimeters Inches
A 38.10 max 1.500 max
B 2.54 max .100 max
[9 2.54 (TP) 100 (TP)
D os0:010 020 F 002
F 1.2 min .047 min
G 3.6 £03 142 +.012
H 0.51 min .020 min
| 4.31 max .170 max
J 5.72 max .226 max
K* 15.24 (TP) 600 (TP)
L 13.2 .520
W ol owrgs
N 0.25 .010

* Item K to center of leads
when formed parallel.

~ \

P28C-100-600A1

28 A » - 15
00000000000

U

ITII_ILJ[_]L_II_II_II_IL_JI__IL_II_II_IL_I
14

A

49NR-514B
(589)




Package Drawings

E

28-Pin PLCC
Item Millimeters Inches I
A 12.45 +£0.2 .490 +.008 B
B 11.50 .453 I
[ 11.50 453 e B
D 1245 +£0.2 .490 +.008 i h
E 194 £015 076 *:07 g p
008 28 (f g
F 06 024 1 ; O-—rt B [c |D
+.009 i
G 4.4 £0.2 173 ¥ oo d :|
+.009 i h
H 2.8 +0.2 110 T oos
| 0.9 min .035 min oo orooTor ~
J 3.4 134
K 1.27 (TP) .050 (TP) F E
+ 004 _—)l r— I
M 0.40 +£0.10 016 T 5o !
A
N 0.12 .005 G J l ——f.u
P 10.42 £020 410 * 303 H R A i
Q 0.15 006 T I]W lL_ T
T 0.8 rad .031 rad 1\ Lﬂ 7] o]
+0.10 +.004
u 0.20 5o 008 * 0o
P 49NR-525B
P28L-50A1 (5/89)
40-Pin Plastic DIP (600 mil)
Item Millimeters Inches
A 53.34 max 2.100 max
B 2.54 max 100 max
c 2.54 (TP) .100 (TP) 40 21
+.004 AnnonnoononnopnonoOon
3] 050 +£0.10 020
-.005
F 1.2 min .047 min
G 36 0.3 142 £012 } —
H 0.51 min .020 min
| 4.31 max .170 max
J 5.72 max 226 max g
K* 15.24 (TP) 600 (TP) 1 20
L 13.2 520 A
+0.10 +.004
M 925 Z5.05 010 _ 003
N 0.25 .010
* Item K to center of leads when
formed parallel
x] 1
J
L R
G
A\
0~15° Y]
P40C-100-600A 83vQ-61408B (1/90)




E ’ Package Drawings

44-Pin Plastic QFP (P44G-80-22); 1.45 mm thick

Item Millimeters Inches ' A
B
+.017
A 136 £0.4 535 * o0l
+.008
B 10.0 £0.2 394 * 0o mm
33 23
c 100 £0.2 394 +-008 = =
hd [ s T
T o=
D 13.6 £0.4 535 *-017 p== b
— + c (D
F 1.0 .039 = =
— o
G 1.0 039 e —
+0.20 +.008 J—g O ==
H 035 o109 _loos N N .
| 0.15 006 T HHHH HHH '
J 0.8 (TP) 031 (TP) F L_
+.008
K 1.8 0.2 071 7 009 > . H
+.009
L 1.0 £0.2 039 *one
+0.10 +.004
M 015 * Soe 006 * 002 ‘
N 015 006 K Enlarged detail of lead end
+.005
P 1.45 £0.1 057 003 l s e
Q 0.0 +£0.1 . .000 +.004 _A oo ! -_L_»
S 1.65 max .065 max : T
Q
P44G-80-22 49NR-636B (11/89)

44-Pin Plastic QFP (P44GB-80-3B4); 2.70 mm thick

Item Millimeters Inches | A
+.017 B
A 13.6 0.4 585 + 17
+.008
o o ot LhRRRARRA
33 23
¢ 100 102 394 *-008 = =
= [ sman}
[= =
D 136104 535 +-017 pst =
—.016 + c|p
F 1,0 039 = ==
G 1.0 .039 (=== b
[ o Sauma)
H  o0ssxoi0 0147308 i ] Rl
ot 006 ! i EELE
J 0.8 (TP) 031 (TP) F |L_
+.008
K 1.8 £0.2 071 T ‘o0g __,G H
+.009
L 0.8 £0.2 031 *ogos
Mo 0152002 006 *:904
N 0.156 .006 Enlarged detail of lead end
P 2.7 106
Q 0.1 £0.1 004 +.004 s |P g
R 0.1 01 1004 +.004 | v
S 3.0 max 119 max T T
Q R
P44GB-80-3B4-1 49NR-5568 (1/90)
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Package Drawings

44-Pin PLCC
I A ) B
-t B ) -
nnnnnlﬂ'lnnnnn y
item Millimeters Inches :
A 17.5 $0.2 689 +.008 a H
B 16.58 653 o H
C 16.58 .653 o o
D 17.5 0.2 689 +.008 0 -
E 1.94 10.15 .076 +.006 440 N
F 0.6 024 1 —F O + 5 ¢ D
G 4.4 0.2 173 +£.008 O &
H 2.8 0.2 .110 +.008 O . .
| 0.9 min .035 min d
J 3.4 134 O E
K 1.27 (TP) 050 (TP) d
M 0.40 10.10 .016 +.004
N 0.12 2L oo oo —— Y
P 15.50 +0.20 610 +.008
Q 0.15 006
T 0.8 radius .031 radius
+0.10 +.004
U 920 o05 008 002
G
H
Y
P44L-50A1-1 W90 83YL-58048

7-10



NE Package Drawings

48-Pin Plastic DIP
item Millimeters Inches
A 63.50 max 2.500 max
B 15.24 [TP) 600 [TP]
c 13.8 543 , .
48 25
D 5.72 max 225 max AMRrnoonopoaoanAaoonAAnonannno
E 4.31 max .170 max -
F 3.610.3 1422012
G 2.54 max .100 max S .
H 2.54 [TP] 100 [TP] > —
| 1.1 min .043 min
J 0.51 min_- .020 min
K 0.50 £0.10 0204004 T OO0 O 0 O o oo oo
+0.10 +.004 : 2
L 035 *008 010 004 _ .
M 0.25 010 :

P48C-100-600A - 83v0-6138B (6/89)

7-11.



Package Drawings

NEC

52-Pin Plastic QFP
Item Millimeters Inches } A
A 17.6 £0.4 693 +.016 B
B 140 £02 551 009
— 008
AARARAYAAAAAAT
c 14002 5511000 i ag R =
D 17.6 £0.4 693 +.016 = —
F 1.0 039 o
G 1.0 1039 % =
+.004 = + c
H 0.40 £0.10 018 * 008 o =
o am ]
| 0.20 008 = =
J 1.0 (TP) .039 - (TP) B = x [
(s nn
K 18%02 o7 + 008 LEEI: 10 13
L 08#02 031+ 508 i BHOOHHEHEEEE 4
+0.10 004
M 015 508 006 ¥ goa e —>|Hl‘—
N 0.15 1006
P 27 106 e 1+ @
Q 0.1 £0.1 004 .004 - L
R 0.1 £0.1 .004 1.004 R ) Enlarged detail of lead end
S 30 max 119 _max L l‘“ '
: . . s |P
AL bl ) /N
Q R
PS2GC-100-386 49NR-493B (5/89)

712




1

Package Drawings

52-Pin PLCC

Item Millimeters Inches
A 20.1 '40.2 .791 +.008
B 18.12 .753
C 19.12 .753
D 20.1 $0.2 .791 +.008
E 1.94 10.15 .076 +.006
F 0.6 024
G 4.4 10.2 173 +.008
H 2.8 0.2 .110 +.008
! 0.9 min .035 min
J 3.4 134
K 1.27 (TP) .050 (TP)
M 0.40 +0.10 .016 +.004
N 0.12 .005
P 18.04 10.20 710 +.008
Q 0.1 006
T 0.8 radius .031 radius
U 020010 008 *OF

P52L-50A1

=If

oo oOompopnnonn

OO00000O0maAaononnn

i

i
oo ooog

9]

o

OO OO OO oo

83YL-58058
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Package Drawings

68-Pin PLCC
| A
le B _i
r oonononnmopRnnonn—
item  Millimeters Inches ’
A 252402 992 +.008 d H
B 24.20 953 e )
c 24.20 953 d 8]
D 252302 992 +.008 d a)
+.007 O
E 1943015 076 +007 H
O 8|
F 06 024 d al
009 O n|
G 44102 a7’ 8
008 13O -+ BH—Cc D
+009
H 28102 RSt m u]
O a|
! 0.9min .035 min ] M
J 34 . 134 . |
K 1.27.(TP) 050 (TP) O 8]
+.004 O
M 0401010  .016*508 P
N 5 )
0.12 005 d M
+.009 .
P 28121020 91070 Y
Tooooooogooooo0oo0o0———— ¥
Q 0.15 006
T 0.8 radius .031 radius
+0.10 +.004 : .
U 02505 0% o v o .
, i
G 1l u
H 1Kl I 1 T
N7 S
1 N |
| —
)
M
P (2/90)
P68L-50A1-1 83YL-5561B
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Package Drawings

68-Pin Ceramic PGA

Item Millimetars Inches
+.016
A 2794 +0.4 1.100 © 015
+.016
D 2794 0.4 1.100 ~015
E 1.27 .050
F 254 (TP) 100 (TP)
+.012
G 28 £03 .110 011
H 0.5 min .019 min J
| 2.70 106 —f——--
J 4.57 max .180 max G
: +.008 —_—
K 1202 da 047 T .
L 046005 dia 018 002
M_05 020 B v @
Top View
t A ~i Bottom View
-
o o o 11
o o (@ o]0
o o |9
o o8
o o }l7
o o6
o o5
o o f4
o o |3
o o (©® o2
E o o o i
N index Mark D C B A  eonmsase
XG8R-100A-1 (5589)
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Package Drawings

NEC

74-Pin Plastic QFP
item Millimeters Inches A
A 232 £0.4 o3+ B
B 20002 787 *% | HAEHAAAAANAAAEAAAAA
Toee 2 o 56 38 g
c 200 0.2 787 908 ==
o] =
D 232 404 913+ 907 = E
F1 2.0 079 o]
F2 10 039 p—= -
G1 2.0 079 ad =
G210 039 pais + e~ |°|P
H 0.40 +0.10 ot * 554 = E
1 0.20 008 poe ==
J 1.0 (TP) 039 (TP) od ==
K 1.6 £0.2 063 +.002 s | o o
L 0.8 £0.2 031 2008 Fi1 i N i
e i R EEELEL
: ‘ |l —
N 015 1006 _
P 3.7 146 a1 H _—] G2
Q 0.1 04 004 + 004
R 0.1 £0.1 1004 £.004
S 4.0 max .158 max
Enlarged detail of lead end
s |P
Q R
S74GJ-100-580-1 49NR-3478 (2/90)
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N E C Package Drawings

80-Pin Plastic QFP
Item Miitimeters Inches o A o
A 236104 5291016 s
+009 ’ -
B 200402 787 oe
+009 ' | ’
o wm: = I3 HARRARRA AR AHARRARARR
D 176104 £33+016 = [& ry| . [
F 10 039 [
e o
G 08 031 [ | %
+004 [ = T
H 0351010 o4 Toe s s
1 a15 006 : c |p
J 08(TP 031(TP)
+009
K 18102 o7 Zpeg ==
” ) =
L 08102 n s ]
- on |
4010 +004 .
M as 09 ety )y
N 015 008
P 27 106 -
Q . 01401 004+004
R 01301 004.£004
s 30max A18max
Pin Detal
[
. P )
el 3.
Q R
PBOGRE0-3001 BUH55438_(200)
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Package Drawings.

84-Pin PLCC
A - »
i ;. HDHD_DHHHFLDI%I‘IHFIF\HHHHHFL
Item Millimeters Inches o
A 30.2 10.2 1.189 +.008 I S
B 20.28 1.153 O al
c 29.28 - 1.153 0 a
D 30.2 0.2 1.189 +.008 O )
E 1.94 :KJJS .076 +.006 O o
F 06 024 s ) o)
G 44 $0.2° 173 +.008 I u)
H 28 102 110 +.008 O )
| 0.8 min 035 min O |
J 34 . 134 84 u)
K 1.27 (TP) .050 (TP) 1—H O + B¢ b
M 040 $0.10 . 016 +.004 ] u|
N __ 012 005 0 g 5
P 28.20 10.20 1.110 +.008 o : u)
Q o015 006 ol 5
T 0.8 radius .931 radius )}
u 020Gl 008 M B H
0 al
O u|
O u
0O 8|
L5 [0 O [ 0 0 0 O O '_L Y.
F .
i ~ee
of | 1 \ 4
H| | | i _f
Y . V Y
P - Lars '
R e S
P
P84L-50A3 sl g&?

7-18



N E C Package Drawings

84-Pin Ceramic LCC
K L
— I<-- — -—
P —— P y Emumummumm
A 202404 1.150 * 16 TE _'
B 240 845 o
c 19.75 778
D 202 0.4 1150 * 18
E 1.28 050
F 1.66 065 Pin 84
G 3.556 140
H 091010 o3 504
1 0.12 005
J 1.27(TP) 050 (TP)
K 1.27 £02 050 +.008
L 254102 .100 + .008
[id 0.25 radius .010 radius
R 19 075
S 19 075
T 3.0 radius -118 radius ‘
u 120 472 s
Y 0.76 corner .030 corner T
. = * Y
E
F__ HHHHHHHHHHBHHHHHHY —IHHHT
b .
G | A
-
5 E T '
C
Y i \\ /
'
TaW W W W W W W W W W W W W W, W W, W, ¥ RO —
- V] .
ey B -
X84KW-50A 83SL-5401B (3/90)
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Package Drawings

94-Pin Plastic QFP L
Ttem  Millimetors. Inches b "B "
+.017 ' . : V‘
——— = | | |AARAAAARAARAAAAAAAARAAAY
. 009
B 20002 787 E H-\H
008 2 N . 48 |
+.009 f ] T
C 200 0.2 787 08 = v
1] 1T
D 232104 913 +017 I 1
- p— T
Fi 16 063 CIr muam|
F, 08 031 I —
G, 16 063 ':D::D: m:m:
Gy 0.8 031 [ -
o =
+004 c |p
H 0.35 10.10 014 T 008 [ +
| 0.15 006 :EE:D: :D:,:D:
J 0.8 (TP) 031 (TP) [=en T
K 1.6 0.2 063 +.008 [ S|
(o v
L 0.8 30.2 031 *+909 jmanm I -]
= (=== ma]
4010 +.004 | [T
M 015 s 99 “oos 1 "G T
N - 015 006 R 1 — ) " :n:,m
P 37 146 4 4 A
@ _ormT_om wow HoBEGEE§HEEEEEEEEEEag g »
R 0.1 0.1 004 +004 : ) :
S 4.0 max 158 max s -—->| l-— -— G
i orm 2
Gy H &
Detall of lead end
1
P s
(AN G
R Q 3 L @190
S94GJ-80-5BG-1 . 83YL-58108
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NEC

Package Drawings

120-Pin Plastic QFP
Item Millimeters Inches
A 32.0 £0.4 1.260 +.016
+.009
B 28.0 £0.2 1102 ¥ 5o
+.009
c 28.0 £0.2 1102 7 goe
D 32.0 £0.4 1.260 +.016
F 24 094
G 2.4 .094
+.004
H 0.35 +£0.10 014 T 005
| 0.15 .006
J 0.8 (TP) .031 (TP}
+.009
K 20 £0.2 .079 _ 008
+.009
L 0.8 £0.2 .031 _ ‘008
+0.10 +.004
M 0.15 _ 0.05 .006 _ ‘003
N 0.15 .006
P 3.7 .146
Q 0.1 £0.1 .004 +.004
R 0.1 0.1 .004 +.004
S 4.0 max .157 max

P120GD-80-5B8

Enlarged detail of lead end

!

S_J_S_Z;\\q

49NR-653B (12/89)
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Package Drawings

132-Pin Ceramic PGA
A .
PNMLKJHGFEDCSBA .
©oo0oo0oo0o000000000@{14
0O 0000DO0DO0OOCODOOOOO]|13
000000000 O0O0O0O0OO0]|12
o o0 o0 o o0o|N
o o o0 o o ol10
o oo ooo]l9
0 0o o0 o oo|8
0 0 o © .0 o0|7
o o o o o ol6
o oo oool5
o 0o o 0 0 0 o0}4
0O 000O0O0OOOO OO ocools
0 00000O0O0O0O0OO0 o o}2
< ©@oo0oo0oo000000CO0O ocOf1
Locator Pin
J o
_ - Item Millimeters Inches
L +016
—punreuruouty P TR o
A H 'L_ +.016
D 35.56 0.4 1.4007"
G ——l K -015
L E 1.27 050
F 2.54 (TP) .100 (TP)
+012
G 2.810.3 1105043
H 0.5 min .019 min
| 29 114
J 4.57 max__ .180 max
+.008
K 21.210.2 8.047 007
+.002
L 80.46£0.05 ©.0187 4}
M 0.5 .020

X132R-100A

6/89
83YL-5817B
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NEC uPD70236 (V53)
16-Bit Microprocessor:
NEC Electronics Inc. v High-Speed, High-Integration, CMOS

Addendum 1 (April 1991)

Scope N Changes

This addendum to the uPD70236 (V53) data sheet, Pages 14 and 15. Replace with the AC Characteristics
document no. 50159-1, revises the AC Characteristics  table in this addendum.

table to include data for operation with CPU clock

frequencies of 10, 12.5, and 16 MHz.

AC Characteristics
Ta = 10 to +70°C; Vpp = 5V +10%; C| of output terminals = 100 pF max; tcyk = CPU clock period; n = number of wait states .

Maximum CPU Clock Frequency

10 MHz 12.5 MHz 16 MHz
Parameter Symbol Min Max Min Max Min Max Unit
Clocks (figure 1)
CLKOUT period toyk 100 500 80 500 625 500 ns
CLKOUT high-level width tKKH 0.5tcyk - 12 0.5teyk — 10 0.5tcyk—7 ns
CLKOUT low-level width KKl 0.5tgyk — 12 05tgyy — 10 05toyk-7 - ns
CLKOUT rise time (1.0-3.5 V) tKR 12 10 7 ns
CLKOUT fall time (3.5-1.0 V) tkF 12 10 7 ns
X1 input period toyx 50 250 40 250 31.25 250 ns
X1 input high-level width ‘tXKH 20 15 13 ns
X1 input low-level width XKL 20 15 13 ns
X1 input rise time : XKR 7 5 5 ns
X1 input fall time txkF 7 5 5 ns
X1 to CLKOUT delay toxk 10 35 10 . 35 10 35 ns
PCLKOUT period toYPK dtoyx 1000 devx 1000 4tcyx 1000 ns
PCLKOUT high-level width tpkn 2teyx ~ 12 2toyx - 10 : 2toyx -7 ns
PCLKOUT low-level width tpxL 2toyx - 12 2teyx - 10 - 2teyx -7 ns
PCLKOUT rise time (1.0-35V)  tpkp 12 10 7 ns’
PCLKOUT fall time (3.5-1.0 V) tpkF 12 10 7 ns
Input signal rise time trt 15 15 12 ‘ns
Input signal fall time ’ tEt 10 10° 10 - ns
Output signal rise time top t 15 15 12 ns
Output signal falf time tor t 10 10 10 ns
Reset (figure 2) v
RESET setup to CLKOUT ¢ tSRSTK 30 30 30 : . ns
RESET hold from CLKOUT } tHKRST 15 15 15 ns
RESET low-level width twRsTL 6 6 6 tovk
RESOUT delay from CLKOUT ¢  tpkro 0 40 0 40 0 40 ns

1 This parameter is not shown on the timing waveforms.

50158-1A1
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NEC

AC Characteristics (cont)

Maximum CPU Clock Frequency

10 MHz 12.5 MHz 16 MHz
Parameter Symbol Min Max  Min Max Min Max  Unit
Read, Write (figures 3-12, 16, 18-19, 22, 28-31)
Address/status setup time tpaRL T 0.5tcyk - 15 0.5tcyk - 15 0.5tcyk~ 15 ns
before assertion of MRD, )
IORD {
Data hold time from MRD, turp T 0 0 0 ns
IORD t
Address/status setup time tpawL T 0.5tcyk ~ 15 0.5tcyk - 15 0.5tcyk —~ 15 - ns
before assertion of MWR,
IOWR { .
MWR, TOWR low-level width twwi T (n+ Ntcyk —10 {n+1)tcyk -10 (n+ tcyk =10 ns
Address/status hold time from thmwHa T O.5toyk 15 0.5tgyk -15 0.5tcyk ~15 ns
MWR t
BCYST delay from CLKOUT { tbkec 5 45 5 45 5 40 ns
BCYST low-level width tscBoL tcYK-10 tcyK-10 toyK-10 » ns
BCYST high-level width tecBCH (n+Htcyg— 10 (n+)tcyk— 10 (n+)tgyk - 10 ns
Address delay from CLKOUT { tpka 5 45 5 45 5 40 ns
Control 2 delay from CLKOUT tpKeT2 5 45 5 45 5 40 ns
(Control 2 = MWR, IOWR in '
DMA cycles)
Status delay from CLKOUT ¢ tpksT 5 45 5 45 5 40 ns
Data float delay from CLKOUT tFK 0 40 0 35 0 30 ns
DSTB { delay from CLKOUT { tpkDs 5 45 5 45 5 40 ns
DSTB low-level width tpspst (n+1)toyk - 10 (n+1)tcyk - 10 (n+1)tcyk - 10 ns
DSTB high-level width tpspsH 0.5tcyk - 10 0.5tcyk— 10 0.5tgyk - 10 ns
CLKOUT to IOWR delay tokw 0 ) 45 0 45 0 40 ns
CLKOUT to IORD delay " tpkiR 0 45 0 45 0 40 “ns
CLKOUT to MRD delay tDKMR 0 45 0 45 ] 40 ns
CLKOUT to MWR delay tokmw 0 45 0 45 0 40 ns
CLKOUT t to DSTB t tpKDSH 5 45 5 45 5 ' 40 ns
Address/status output delay to tpADSL 0.5tcyk - 15 0.5tgyk— 15 0.5tcyk - 16 ns
DSTB ¢ -
Address/status hold time from tHDSHA 0.5tgyk— 15 0.5teyk - 15 0.5tcyk— 15 ns
DSTB t ) .
Data output delay from DSTB t tposHD 0.5ty — 15 0.5tgyk— 15 0.5tcyk - 15 ns
Data output delay from address/  tpap 0.5tcyk ~- 15 0.5tcyk— 15 0.5tcyk~- 15 ns
status output
Data output delay from tpkD 5 45 5 45 5 40 ns
CLKOUT ¢
Data setup time to CLKOUT ¢ tspk 10 10 10 ns
Data hold time from CLKOUT { tHkD 7 ns
Data hold time from DSTB high tHDsD ns
Data hold time from change tHASD [o] ns

point of address or status
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AC Characteristics (cont)

Maximum CPU Clock Frequency

10 MHz 12.5 MHz 16 MHz
Parameter Symbol Min Max Min Max Min Max Unit
Data hold time from R/W t tHRWD 0 0 0 ns
READY setup time to CLKOUTt  tgpyk 10 10 7 ns
READY hold time from tHKRY 20 20 15 ns
CLKOUT t
Bus Sizing (figures 13, 14)
BSB/BS16 setup time to tsBsK 10 10 7 ns
CLKOUT ¢ '
BS8/BST6 hold time tHkes 15 15 10 ns
from CLKOUT ¢t
Bus Hold (figure 17) )
HLDRQ setup time to tsHaK 10 10 7 ns
CLKOUT t
HLDRQ hold time from tHKHG 20 20 15 ns
CLKOUT t
CLKOUT 1 to HLDAK delay tpKHA 5 45 5 45 .5 40 ns
Output tristate to HLDAK delay tDEHA 0.5tcyk - 15 0.5tcyk - 15 0.5tcyk - 15 ns
Input Selup and Hold (figure 15) '
NMI, INTPO-INTP7, TPBUSY tsiK 15 15 10 ns
setup time to CLKOUT {
NMI, INTPO-INTP7, CPBUSY tHKT 15 15 10 ns
hold time from CLKOUT ¢
Timer/Counter Unit, TCU (figure 20)
TCTLO-TCTL2 setup time to tsak 50 50 50 ns
CLKOUT ¢
TCTLO-TCTL2 hold time from tHka 100 100 100 . ns
CLKOUT { ’
TCTLO-TCTL2 low-level width taaL 50 50 50 ns
TCTLO-TCTL2 high-level width tagH 50 50 50 ns
TOUTO-TOUT2 output delay tpkTo 100 100 100 ns
from CLKOUT {
TCLK period ) toyTK 100 100 © 100 . -ns
TCLK rise time tTKR 15 15 15 ns
TCLK fall time tTKE 15 15 15 ns
TCLK low-level width TKTKL 45 45 45 ns
TCLK high-level width tTKTKH 30 30 30 ns
TCTLO-TCTL2 setup time to tsGTK 50 50 50 ns
TCLK t
TCTLO-TCTL2 hold time from thkTa 100 100 100 . ns
TCLKt
TOUTO-TOUTZ output delay tpTKTO 100 100 100 ns
from TCLK |
TOUTO-TOUT2 output delay tpaTo 100 100 100 ns

from TCTLO-TCTL2 }
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AC Characteristics (cont) :
o Maximum CPU Clock Frequency

10 MHz 12,5 MHz 16 MHz

Parameter. Symbol Min ‘Max Min o Max Min Max-  Unit
Serial Control Unit, SCU (figure 21) ‘ ‘

RxD setup time to SCU internal tsrx 1 1 1 ns
clock ¢ '
RxD hold time to SCU internal tHRX 1 1 1 ns
clock ' ’
TOUT1 tto TxD delay toTX 500 500 500, ns
Direct Memory Access, DMA (figures 23-26)

CLKOUT  to MRD, 1ORD t tDKRH 0 45 0 a5 0 40 ns
delay . Lo

CLKOUT | to MRD, TORD 4 toKAL 0 45 0 45 0 40 ns
delay ’ .

CLKOUT t to DMAAKO-DMAAK3 tDKHDA 0 45 0 45 0 40. - ns
delay ! .

IORD, IOWR { delay from tpDDARW 0.5tcyk - 16 0.5tcyk ~ 15 0.5tcyk - 15 ns
DMAAKO-DMAAKS [ . R :

DMAAKG-DMAAKS t delay from  tppupAH - 0-Stoyk - 15 0.5tcyk ~ 15 05toyk—-15 ns
IORD.t . . o e el o o "
CLKOUT to control 1 delay tpKeT1 0 45 0 45 0 S o 40" " s
(Control 1 = BUFEN, INTAK, :
REFRQ) L
"JORD t delay to TOWR t tDWHRH 45 45 5 40 ns
TC output delay from CLKOUTt  tpxroL 45 45 40 ' ns
TC off output delay from tpKToF 45 45 40. '~ - ns
CLKOUT ¢ ’ o ’ K )
T§ pullup delay from CLKOUTT tpkTCcH 0 ’ 45 0 45 0 40 ns
TC low-level width treToL toyk - 20 toyk—20 toyk~ 15 ns
END-setup time to CLKOUT t tSEDK 35 . 35 35 ns
END low-level width - EDEDL 100 100 100 ns
TORD, MRD low-level width tan 2toyk— 45 2toyk - 45 2oyk-40 ns
IOWR, MWR low-level width tWW1 2tcyk - 45 2tcyk— 45 Ztoyk - 40 ns
(expanded write) .

TOWR, MWR low-level width twwa 2toyk — 45 2toyk - 45 2tcyk - 40 ns
(normal write) )

DMARQO-DMARQS setup time tspaK 20 20 15 ‘ns
to CLKOUT't ’ '

CLKOUT | to DMAAKO-DMAAKS  tpkipa O a5 0 45 0 40 ns
delay

Interrupt Control Unit, ICU (figure 27)

INTPO-INTP7 low-level width . typip, 100 100 100 ns




Notes:
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FIELD SALES OFFICES

EASTERN REGION

901 Lake Destiny Drive
Suite 321

Maitland, FL 32751
TEL: 407-875-1145
FAX: 407-875-0962

The Centre at Stirling
and Palm

9900 Stirfing Road
Suite 206

Cooper City, FL 33024
TEL: 305-436-8114
FAX: 305-436-8116

6625 The Corners Parkway
Suite 210

Norcross, GA 30092

TEL: 404-447-4409

FAX: 404-447-8228

One Natick Executive Park
Natick, MA 01760

TEL.: 508-650-4100

FAX: 508-655-1605

EASTERN REGION [cont]

2525 Meridian Parkway
Suite 320

Durham, NC 27713
TEL: 919-544-4132
FAX: 919-544-4109

200 Perinton Hills
Oftice Park
Fairport, NY 14450
TEL: 716-425-4590
FAX: 716-425-4594

300 Westage Business Center

Suite 200

Fishkill, NY 12524
TEL: 914-897-2101
FAX: 914-897-2215

8 Old Sod Farm Road
Melvilie, NY 11747
TEL: 516-753-7526
FAX: 516-753-7137

EASTERN REGION [cont]

One Windsor Plaza
7535 Windsor Drive
Suite 8101
Allentown, PA 18185
TEL: 215-391-9094
FAX: 215-381-9107

CENTRAL REGION

1500 West Shure Drive
Suite 250

Arlington Heights, IL 60004
TEL: 708-577-9090

FAX: 708-577-2147

201 E. Big Beaver Road
Suite 350

Troy, M| 48084

TEL: 313-680-0506
FAX: 313-680-1015

1550 East 79th Street
Suite 805

Bloomington, MN 55425
TEL: 612-854-4443

FAX: 612-854-1346

CENTRAL REGION [cont]

1105 Schrock Road
Suite 515

Columbus, OH 43223
TEL: 614-436-1778
FAX: 614-436-1769

30050 Chagrin Bivd.
Suite 120

Pepper Pike, OH 44124
TEL: 216-831-0067
FAX: 216-831-0758

16475 Dallas Parkway
Suite 380

Dallas, TX 75248
TEL: 214-931-0641
FAX: 214-931-1182

12777 Jones Road
Suite 196

Houston, TX 77070
TEL: 713-955-2191
FAX: 713-855-2198

129 Woodland Trail
Leander, TX 78641
TEL: 512-259-4947
FAX: 512-259-2556

WESTERN REGION

One Embassy Centre
9020 S.W. Washington
Square Road

Suite 460

Tigard, OR 97223
TEL: 503-671-0177
FAX: 503-643-5911

WESTERN REGION [cont]

Encino Office Park Two
6345 Balboa Bivd.
Suite 240

Encino, CA 91316

TEL: 818-342-3112
FAX: 818-342-0842

200 E. Sandpointe
Bldg. 8

Suite 150

Santa Ana, CA 92707
TEL: 714-546-0501
FAX: 714-432-8793

14001 East I1iff Avenue
Suite 411

Aurora, CO 80014
TEL: 303-7565-6353
FAX: 303-755-6728

NORTHERN CALIFORNIA
REGION

401 Ellis Street

PO. Box 7241

Mountain View, CA 84039
TEL: 415-965-6200

FAX: 415-965-6683
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