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17.5 ROM/EPROM Memory Protection
Options

Write protection is available for EPROM parts, and
read protection is provided for both' ROM and
EPROM parts.

Write protection is enabled by setting the LOCO bit in
either CCR or the PCCB to zero. Figure 17-9 summa-
rizes the different write protection options. When write
protection is enabled, the bus controller will cycle
through the write sequence but will not actually drive
data to the EPROM or enable Vpp. This protects the
entire EPROM 2000~5FFFH from inadvertent or un-
authorized programming. With write protection en-
abled, the PTS cannot read the internal EPROM.

The DED (disable external Data fetch) bit disables the
bus controller from executing external data reads and
writes if the bit is 0. If a data access is requested from
the bus controller, the part will Reset itself.

For more information on UPROMs, see Seotion 17.5.

Authorized Access of Protected Memory

A “Security Key” mechanism has been implemented
for authorized access of protected internal memory to
test internal ROM/EPROM. This allows users to veri-
fy the EPROM array and stlll keep their code protect-
ed.

The security key is a 128-bit number located in internal
memory at locations 2020H-202FH. The user pro-

Figure 17-9. Write Protection Options

Read protection is enabled by setting the LOC1 bit of
CCR to a zero. When read protection is selected, the
bus controller will only perform a data read from the
address range 2020H-202FH and 2050H-5FFFH if
the Slave Program Counter is in the range 2000H-
SFFFH. Since the Slave PC can be as many as 4 bytes
ahead of the CPU program counter, an instruction after
address SFFAH may not access protected memory.
The interrupt vectors and CCB are not read protected
since interrupts can occur even when executing out of
external memory. LOCI1 in the PCCB can be pro-
grammed, but has no memory protection implications.

Also, two UPROM (Unerasable PROM) bits are im-
plemented on the 87C196KC for additional memory
protection. The DEI (Disable External Instruction
fetch) bit disables the bus controller from executing ex-
ternal instruction fetches if the bit is a 0. If an attempt
is made to load the Slave PC with an external address,
the part: will Reset itself. The automatic Reset also
gives extra protection against runaway code.

Because of the prefetch queue in the bus controller,
code cannot be executed from the last four bytes of
internal memory if this feature is enabled.

cCcB | PCCB grams his own security key into these locations. Figure
LoCco | LoCo Protection 17-10 shows the different programming modes and
- whether a security key verification is performed to al-
1 1 Unprotected EPROM. Writes to low entry into the programming mode.
Internal Memory always allowed. )
1 0 Run-Time Programming Allowed. Programming ‘ Key
No programming modes allowed Mode Verification
0 1 Run-Time programming not Slave Programming If Protected*
allowed. Programming modes
allowed after key verification (if ROM Dump Always
needed). UPROM Programming Never
0 0 (/}" Pl;?géamminﬂi unconditionally AUTO Programming If Protected*
isabled.
PCCB Programming Never

*If read or write protected in CCR.
Figure 17-10. Security Key Verification

The ROM Dump Mode is an easy way to verify the
contents of the EPROM or -ROM array. The ROM
Dump writes out the entire EPROM or ROM to loca-
tions 4000H-7FFFH in external memory. If the DED
(Disable External Data Fetches) bit has been pro-
grammed in the USFR, this mode is disabled entirely
(see Section 17.5).

The ROM Dump Mode is selected with PMODE =
06H and always begins with a security key verification.
The user puts the same security key at external loca-
tions 4020H-402FH that he has programmed in inter-
nal -locations 2020H-202FH. Before doing a ROM
dump, the 80C196KC compares the two security keys.
If they match, the 80C196KC dumps the array to ex-
ternal memory. If they do not match, the 80C196KC
enters an endless loop of internal execution which can
be exited only by a chip reset.

When using the Auto Programming Mode, a security
key verification is done if the CCB has read and or
write protection enabled. The security key must reside
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in external memory locations 4020H-402FH and the
two keys must match or the 80C196KC enters an end-
less internal loop.

In the Slave Programming Mode, a security key verifi-
cation is also performed if CCB has read and or write
protection enabled. The key verify is done somewhat
differently in the Slave Programming Mode. The user
must “program” the correct key into the array at loca-
tions 2020H-202FH using the Data Program Com-
mand described in Section 17.3. The locations are not
actually programmed, but the data is compared to the
internal security key. The key must be entered sequen-
tially, and if any of the locations is “programmed” in-
correctly, the 80C196KC will enter the elusive endless
internal loop.

If CCB has any protection enabled, the security key is
write protected to keep unauthorized users from over-
writing the key with a known security key.

If the PCCB is programmed with any read or write
protection, there is no way to enter any of the program-
ming modes. So the last thing that should be done to
protect the part from unauthorized access, is to pro-
gram the PCCB. ‘

17.6 UPROMs

Unerasable PROM (UPROM) devices are unplemem-
ed on the 87C196KC for some additional security fea-
tures. The USFR (UPROM ‘Special Function Register)
along with what bits are available for the ROM and
EPROM versions is shown in Figure 17-11. The
UPROM bits act as fuses, i.e., they can be pro-
grammed, but not erased.

7 0
| bED| RSV | Rsv |
USFR
DEI DED
B7C196KC | UPROMBIt | UPROM Bit
83C196KC N/A N/A

*Always program reserved (RSV) bits to 1
Figure 17-11. USFR

Because the UPROM bits cannot be erased, the bits
cannot be tested by Intel prior to shipment. Intel does,
however, test the different features enabled by UPROM
bits. Therefore, only defects within the UPROM cells
themselves (rather unlikely) will be undetectable. When

programming a UPROM bit, it can be verified to make
sure that it did indeed program. Customers are advised
that devices with programmed UPROM bits cannot be
returned to Intel for failure analysis.

Programming UPROMs

The UPROM bits in the USFR can be programmed
using the Slave Programming Mode, or with the sepa-
rate UPROM Programming Mode. Figure 17-12 shows
the locations to program a UPROM bit and the data in
the Slave Programming Mode.

Bit Address Data
DED 0758H 0004H
DEI 0718H 0008H

Figure 17-12. Programming UPROMs
in the Slave Programming Mode

The UPROM Programming mode works much the
same way as the PCCB Programming Mode (see Figure
17-5). PMODE must be 09H, the value to program the
USFR is forced onto pert 3, OFFH is forced on port 4,
and PALE is pulled low to begin programming. A 1 in
a bit location means to program the associated
UPROM bit. PACT remains low while programming
and PVER indicates if the data was programmed cor-
rectly. )

The Modified Quick Pulse Algorithm

The Modified Quick Pulse Algorithm must be used to
guarantee programming over the life of the EPROM in
Run-Time and Slave Programming Modes.

The Modified Quick-Pulse Algorithm calls for each
EPROM location to receive 25 separate 100 us
(£5 ps) programming cycles. Verification is done after
the 25th pulse. If the location verifies, the next location
is programmed. If the location fails to verify, the loca-
tion fails the programming sequence.

Once all locations are programmed and verified, the
entire EPROM is again verified.

Programming of 87C196KC EPROMs is done with
Vpp = 12.50V £0.25V and Ve = 5.0V £0.5V.

Signature Word

The 87C196KC contains a signature word. The word
can be accessed in the Slave Mode by executing a Word
Dump Command at memory location 70H. The pro-
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gramming voltages are determined by reading locations
72H and 73H in Slave Programming Mode. The volt-
ages are calculated by using the following equation.

Voltage = 20/256 x (test ROM data)

The values for the signature word and voltage levels are
shown in Figure 17-13.

Description Location Value
Signature Word 70H 879CH
Programming Vg 72H 040H

5.0V
Programming Vpp 73H 0AOH
12.50V

Figure 17-13. Signature Word and Voltage Levels

Erasing the 87C196KC

After each erasure, all bits of the 87C196KC are logical
“1s”. Data is introduced by selectively programming
“0s”. The only way to change a “0” to a “1” is by
exposure to ultraviolet light.

The erasure characteristics of the 87C196KC are so
that erasure begins upon exposure to light with wave-
lengths shorter than approximately 4000A. It should be
noted that sunlight and certain types of fluorescent
lamps have wavelengths in the 3000A —4000A range.

Opaque labels must always be placed over the Window
to prevent unintentional erasure. In the Powerdown
Mode, the part will draw more current than specified if
the EPROM window is exposed to light.

The recommended erasure procedure = for the
87C196KC is exposure to ultraviolet light which has a
wavelength of 2537A.

18.0 80C196KC to 80C196KB

18.1 New Features of the 80C196KC

1. The 80C196KC has 488 bytes of RAM and is avail-
able with 16K of EPROM/ROM. The 80C196KB
has 232 bytes of RAM and 8K of EPROM/ROM. A
Vertical Windowing scheme has been implemented
to allow the extra 256 bytes of RAM to be accessed
as Registers. See Section 3.3.

2. The 80C196KC has an additional 2 PWM outputs
over the 80C196KB. See Section 8.0.

3. The 80C196K C has the Peripheral Transaction Serv-
er (PTS), which can greatly reduce mterrupt servic-
ing overhead. See Section 6.0.

4. Timer2 can now be clocked internally as well as ex-
ternally. Timer2 can clock internally every 1 or 8
states selectable by software. See Section 7.0.

5. The HSO has one new command that allows all of
the pins to be addressed simultaneously. See Section
10.0.

6. The A/D on the 80C196KC has an 8-bit conversion
mode as well as 10-bit. Also, the A/D has selectable
sample and convert times. See Section 12.0.

7. The 80C196KC has 2 UPROM (unerasable pro-

grammable read only memory) for additional securi-
ty enhancements. See Section 17.5.

18.2 Converting 80C196KB Designs to
80C196KC Designs

1. Clock Detect Enable Pin (CDE) —The CDE pin on
the 80C196KB is a Vgg pin on the 80C196KC. An
extra Vgg pin was needed on the 80C196KC to sup-
port the higher clock rates.
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2. DINZW Instruction —The DINZW will work

properly on the 80C196KC. However, it will take 6/
10 state times rather than 5/9 state times as on the
80C196KB. '

3. Internal Reset Pulse —The Reset pulse on ' the

80C196KC has been increased to 16 state times.
There are 2 ways a 80C196KB or 80C196KC can
internally assert the RESET pin; Watchdog Timer
Overflow, and a RST instruction. On the KB, the
Reset Pulse is 4 state times. Because the 80C196KC
and future proliferations will run at much higher fre-
quencies, a 4 state time reset pulse was deemed un-
reasonably small. This should cause no problems in
most applications.

. Memory Map —Because the 80Cl96KC haé 16K of

EPROM/ROM and 512 bytes of RAM, twice that of
the 80C196KB, the memory map is different to ac-
commodate the extra memory. Locations 100-
IFFH contain the additional 256 bytes of RAM on
the 80C196K C. On the EPROM/ROM versions, lo-
cations 4000-5FFFH contain the extra 8K of
EPROM.

. ONCE Mode Entry —The 80Cl96KC\ enters the

ONCE mode by holding the TXD pin low on the
rising edge of RESET. See Section 15.3.

8.

. EPROM Programming Modes —Gang Program-

ming with the Slave Programming Mode is no longer
supported. Also, the Auto-Programming and Slave
Programming Modes have been modified to support
the 16K of onboard memory. This should only affect
manufacturers of EPROM programmers, and should
not have an impact on the end user.

. A/D Converter —An A/D conversion takes 1.5

state times less on the 80C196KC in both the fast
and slow conversion modes.

HOLD/HLDA —The RD, WR, WRC, INST,
BHE, ADV and ALE pins are weakly held in their
inactive states during HOLD on the 80C196KC. On
the 80C196KB, only ALE is weakly held during
HOLD. ‘ !

. The PSW —The PSW on the 80C196KC has an ex-

tra bit (PSE) to support the PTS. This bit was re-
served on the 80C196KB.

10. HSO —HSO commands OCH and ODH were re-

served on the 80C196KB. On the 80C196KC, OCH
becomes a new command.

11. WSR —WSR bits that were reserved to O on the
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| 8XC196KC
'16-BIT HIGH PERFORMANCE CHMOS
~ MICROCONTROLLER

87C196KC—16 Kbytes of On-Chip EPROM
80C196KC—ROMIess

16 MHz Operation m Dynamically Configurable 8-Bit or
232 Byte Register File . 16-Bit Buswidth

256 Bytes of Additional RAM Full Duplex Serial Port
Register-to-Register Architecture High Speed I/0 Subsystem

28 Interrupt Sources/16 Vectors 16-Bit Timer : ,
Peripheral Transaction Server ~16-Bit Up/Down Counter with Capture

1‘75 }Ls 16 X 16 Mu'tip'y (16 MHZ) 3 Pulse-Width-MOdulated Outputs
3.0 us 32/16 Divide (16 MHz) Four 16-Bit Software Timers
Powerdown and Idle Modes 8- or 10-Bit A/D Converter with

Five 8-Bit I/O Port Sample/Hold
Ive 8-Bit 1/0 Ports m HOLD/ALDA Bus Protocol
16-Bit Watchdog Timer

m OTP One-Time Programmable Version

The 80C196KC 16-bit microcontroller is a high performance member of the MCS®-96 microcontroller family.
The 80C196KC is an enhanced 80C196KB device with 488 bytes RAM, 16 MHz operation and an optional
16 Kbytes of ROM/EPROM. Intel’'s CHMOS IV process provides a high performance processor along with low
power consumption.

The 87C196KC is an 80C196KC with 16 Kbytes on-chip EPROM. In this document, the 80C196KC will refer to
all products unless otherwise stated.

Four high-speed capture inputs are provided to record times when events occur. Six high-speed outputs are
available for pulse or waveform generation. The high-speed output can also generate four software timers or
start an A/D conversion. Events can be based on the timer or up/down counter.

Vger  ANGND FREQUENCY
¢ REFERENCE ¢

reso—----------= Py
| 256bytes ' c:.;ggk
2 Y | _RAM ) 16 KBYTES
A/D 1 232 ] ROM/EPROM
CONVERTER | ¢+ | syre ] INTERRUPT { .
: REGISTER : CONTROLLER T l
v L FLE MICROCODE '
' 7y ENGINE ' 16, MEMORY
] ' CONTROLLER <::>CONTROL
tecllectecnncclece- 4 SIGNALS
3—/ . ouzu:l
1
1; t [y t Y g ; A A 1 PORT 3
Y ::> ADDR
WATCH= SERIAL BAUD T2CAPT I DATA
DOG poRT |€] RATE TIMER2 BUS
TIMER GEN TIMER1 4 PoRT 4
y 4+ Y HOLD |« ’
PULSE HIGH HLDA >
WIDTH PORT2 MULTIPLEXER J SPEED | | BREQ >
MoD /0 PORT1 > ;\va/:;
a/0| |PorT 0 PORT 2/ < L ALTERNATE wsif [< b
J FUNCTIONS U HSO

. 2709421
Figure 1. 80C196KC Block Diagram

MCS®-96 is a registered trademark of Intel Corporation. .

November 1990
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80C196KC Enhanced Feature Set over the 80C196KB ,
. The 80C196KC has twice the RAM and twice the ROM/EPROM of the 80C196KB. Aiso, a Vertical Register

Windowing Scheme allows the extra 256 bytes of RAM to be used as registers. This greatly reduces the
context switching time.

. Peripheral Transaction Server (PTS). The PTS is an alternative way to service an interrupt, reducing latency

and overhead. Each interrupt can be mapped to its PTS channel, which acts like a DMA channel. Each
interrupt can now do a single or block transfer, without executing an Interrupt servuce routine. Special PTS
modes exist for the A/D converter, HSI, and HSO.

. Two extra Pulse Width Modulated outputs. The 80C196KC has added 2 PWM outputs that are functionally

compatible to the 80C196KB PWM.

. Timer2 Internal Clockmg Timer2 can now be clocked with an internal source, every 1 or 8 state times.
. The A/D can now perform an 8- as well as a 10-bit conversion. This trades off reso|ut|on for a faster

conversion time.

. Additional On-chip Memory Security. Two UPROM (Uneraseable Programmable Read Only Memory) bits

can be programmed to disable the bus controller for external code and data fetches. Once programmed, a
UPROM bit cannot be erased. By shutting off the bus controller for external fetches, no one can try and
gain access to your code by executing from external memory.

. New Instructions. The 80C196KC has 5 new instructions. An exchange (XCHB/XCHW) instruction swaps

two memory locations, an Interruptable Block Move Instruction (BMOVI), a Table Indirect Jump (TIJMP)

instruction, and two instructions for enabling and disabling the PTS (EPTS/DPTS).

The 80C196KC User’s Guide contains a complete description of the feature set, order #270704.

PACKAGING )
g:: ';‘I':: Description ::; F:":f Description S::: ';Ii':f Description
1 59 AD1/P3.1 28 15 | EXTINT/P2.2 55 | 36 |Vss
2 60 | ADO/P3.0 29 Voo 56 | 37 |Vpp
3 61 RD 30 16 | RESET 57 | 38 |P2.7/T2CAPTURE
4 62 ALE/ADV 31 17 | RXD/P2.1 58 | 39 |PWMO/P2.5
5 63 INST 32 18 | TXD/P2.0 59 | 40 |WR/WRL
6 64 BUSWIDTH 33 Vss 60 | 41 |BHE/WRH
7 65 CLKOUT 34 19 | P1.0 61 | 42 |T2RST/P2.4
8 66 XTAL2 35 20 | P14 62 | 43 |READY
9 67 XTALA1 36 21 [ P1.2 63 N.C.
10 Vss 37 22 | P1.3/PWM1 64 | 44 |T2CLK/P2.3
11 68 | Vsg 38 23 | P1.4/PWM2 65 | 45 |AD15/P4.7
12 Vee 39 24 | HSLO 66 | 46 |AD14/P4.6
13 1 Vee 40 25 | HSI1 67 | 47 |AD13/P4.5
14 2, | EA 41 26 | HSO.4/HSI.2 68 | 48 |AD12/P4.4
15 3 NMI 42 N.C. . 69 | 49 |AD11/P4.3
16 4 ACH3/P0.3 43 27 | HSO.5/HSI.3 70 | 50 |AD10/P4.2
17 5 ACH1/P0.1 44 28 | HSO.0 71 | 51 |AD9/P4.1
18 6 ACHO0/P0.0 45 29 | HSO.1 72 | 52 |AD8/P4.0
19 7 ACH2/P0.2 46 30 | P1.5/BREQ 73 | 53 |AD7/P3.7
20 8 ACH6/P0.6 47 31 | P1.6/HLDA 74 | 54 |AD6/P3.6
21 9 ACH7/P0.7 48 32 | P1.7/HOLD 75 N.C.
22 N.C. - 49 33 | P2.6/T2UP-DN 76 | 55 |AD5/P3.5
23 10 ACH5/P0.5 50 34 | HSO.2 77 | 56 |AD4/P3.4
24 11 ACH4/P0.4 51 Vss 78 | 57 |AD3/P3.3
25 12 ANGND 52 Vee 79 N.C.
26 13 VREF 53 35 | HSO.3 80 | 58 |AD2/P3.2
27 14 Vss 54 Vss

N.C. = No Connection

Figure 2. Pin Definitions
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N @ N =0 -
geegeee - 5 IS
SIS SN L w532 12
Nedg =M 382>
5555\552|§8$§5§:Q3'o
4 4 4« < < < Z > > X X O o £ «q|x
' oononononnonononnnon
9 87 65 4 3 2 1 6867 666564636261
ACHS/P0.5 ] 10 PN 60|73 ADO/P3.0
ACH4/P0.4 T 11 ~ 597 AD1/P3.1
ANGND [ 12 581 AD2/P3.2
Veer £ 13 ® 573 AD3/P3.3
vss L 14 MCS™-96 56 [ AD4/P3.4
EXTINT/P2.2 ] 15 68 PIN 557 AD5/P3.5
RESET ] 16 547 AD6/P3.6
RXD/P2.1 O 17 533 AD7/P3.7
™0/P2.0 C] 18 52| AD8/P4.0
p1.oC] 19 513 Apg /P41
P1.1 ] 20 TOP VIEW 50[3 AD10/P4.2
P1.2 321 LOOKING DOWN ON 490 AD11/P4.3
PWM1/P1.3] 22 48[ AD12/P4.4
PWM2/P1.4 O] 23 COOMng EB'\(J)T g IDE 47| AD13/P4.5
Hslo O] 24 F ARD 46 AD14/P46
HSI ] 25 451 AD15/P4.7
HSI2/HS04 [ 26 440 T2CLK/P2.3
27 28 29 30 31 32 33 34 35 36.37 38 39 40 41 42 43 '
R RtRt R Rt e g e e e g
N O - 1 © N N M )X d
P88ecel887 85k
< SE1S 3 %8 2 S &
[2) W |a |3 b3 0
2 |§ ’i' |‘:’ S SE S
~ ~N
o N
N
270942-2
Figure 3. 68-Pin PLCC Package
s Table 1. Prefix Identification
QFP PLCC
’ 80C196KC S80C196KC N80C196KC
87C196KC S87C196KC* N87C196KC *

*OTP Version
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80-Pin Quad Flat Pack (EIAJ)
- Contacts . Contacts
Facing Up Facing Down
PIN NO. 1 MARK '
65 80 80 65
_IIIIMMMMMMII . .HIIIMIIIIIIHHII_“
= = = -—me =
= = qH . =
= — P fofote fo—
f— — pa— xxx —
f— — p— fofeld —
= — o fofete f—
=] = = xxx =
p— — p— —
g = H =
= P— —
= . = =
41 24 4 41
LU (LU
0 25 Cs 0 270942-39
Top View
N M ¢ N 0N
N MYy @NQ ¢l .
2 222 22dTLLssss
| N NN NNNYNNo - m<un
N Mt Y QW N 8 R = === ==
Q wao oo O0aQaa Qoo o0oaoaoaa
<> < 49 4> 4 49 <9949 A9 9449499«
o N © 0 - O O 0 N © 0
NN KNRKNRANENRNRNMNRNNRKNO®O©O © © ©
64| «— T2CLK/P2.3
AD1/P3.1 — [1 63| < Vgs
ADO/P3.0 <— |2 62| <— READY
LD -— |3 ‘ 61] <—= T2RST/P2.4
ALE/ADV <~— |4 60] <— BHE/WRH
INST =— |5 59| <—— WR/WRL
BUSWI/DTH -~ |6 58| <— PWMO/P2.5
CLKOUT =— }7 §7] <— P2.7/T2CAPTURE
XTAL2 <— |8 56| <—— Vpp -
XTAL1 =— |9 55] <— Vg
Vgg =— |10 54| <——— Vss
Vgg +— |11 53] <—— HS0.3
Voo — |12 52| <— V¢o
VC_C -— |13 51 —— Vss
EA ~— |14 50] <— HSO.2
NMl ~— |15 49| '~—— P2.6/T2UP/DN
ACH3/P0.3 <— |16 48| <—— P1.7/HOLD
ACH1/PO.1 <+— |17 47] =<— P1.6/RLDA
ACHO/P0.0 <~— |18 46| =~—— P1.5/BREQ
ACH2/P0.2 <— |19 45] <—— HSO.1
ACH6/P0.6 <+— |20 44| <—— HS0.0
ACH7/P0.7 <— |21 43| <— HSO.5/HSL3
NC. =— |22 42] +—— Vg
ACH5/P0.5 <— |23 41] <—— HSO0.4/HSI.2
ACH4/PO4 <—— 24 K &I 8RB 5 I NIV B5R39
2 5 gy S99 g meo
2E8S8Lag 8222224
g > e w o [ T
T S £35S S
-
z zEr =z =
[ « F i
- S a a
270942-40

Figure 4. 80-Pin Quad Flat Pack (QFP)
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PIN DESCRIPTIONS

Symbol Name and Function -
Veo Main supply voltage (5V).
Vss Digital circuit ground (OV).‘ There are three Vgg pins, all of which must be connected.
| VRer Reference voltage for the A/D converter (5V). VRer is also the supply voltage to the analog
| portion of the A/D converter and the logic used to read Port 0. Must be connected for A/D
and Port 0 to function. ‘

ANGND Reference ground for the A/D converter. Must be held at nominally the same potential as
Vss.

Vpp Timing pin for the.return from powerdown circuit. Connect this pin with a 1 uF capacitorto
Vgg and a 1 MQ resistor to V. If this function is not used Vpp may be tied to Vggc. This pin
is the programming voltage on the EPROM device.

XTALA1 Input of the oscillator inverter and of the internal clock generator.

XTAL2 Output of the oscillator inverter.

CLKOUT Output of the internal clock generator. The frequency of CLKOUT is 1/, the oscillator
frequency.

RESET Reset input to the chip.

BUSWIDTH | Input for buswidth selection. If CCR bit 1 is a bne, this pin selects the bus width for the bus
cycle in progress. If BUSWIDTH is a 1, a 16-bit bus cycle occurs. If BUSWIDTH is a 0 an
8-bit cycle occurs. If CCR bit 1 is a 0, the bus is always an 8-bit bus.

NMI A positive transition causes a vector through 203EH.

INST Output high during an external memory read indicates the read is an instruction fetch. INST
is valid throughout the bus cycle. INST is activated only during external memory accesses
and output low for a data fetch.

EA Input for memory select (External Access). EA equal to a TTL-high causes memory -

-accesses to locations 2000H through 5FFFH to be directed to on-chip ROM/EPROM. EA
equal to a TTL-low causes accesses to those locations to be directed to off-chip memory.

ALE/ADV Address Latch Enable or Address Valid output, as selected by CCR. Both pin options
provide a signal to demultiplex the address from the address/data bus. When the pin is
ADV, it goes inactive high at the end of the bus cycle. ALE/ADV is activated only during
external memory accesses.

RD Read signal output to external memory. RD is activated only during external memory reads.

WR/WRL Write and Write Low output to external memory, as selected by the CCR. WR will go low for
every external write, while WRL will go low only for external writes where an even byte is
being written. WR/WRL is activated only during external memory writes.

BHE/WRH Bus High Enable or Write High output to external memory, as selected by the CCR. BHE =

0 selects the bank of memory that is connected to the high byte of the data bus. A0 = 0
selects the bank of memory that is connected to the low byte of the data bus. Thus
accesses to a 16-bit wide memory can be to the low byte only (A0 = 0, BHE = 1), to the
high byte only (A0 = 1, BHE = 0), or both bytes (A0 = 0, BHE = 0). If the WRH function is
selected, the pin will go low if the bus cycle is writing to an odd memory locat|on BHE/WRH
is valid only dunng 16-bit external memory write cycles.
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PIN DESCRIPTIONS (Continued)

Symbol Name and Function

READY Ready input to lengthen external memory cycles, for interfacing to slow or dynamic memory,
or for bus sharing. When the external memory is not being used, READY has no effect.

HSI Inputs to High Speed Input Unit. Four HSI pins are available: HSI.0, HSI.1, HSI.2, and HSI.3.
Two of them (HSI.2 and HSI.3) are shared with the HSO Unit.

HSO Outputs from High Speed Output Unit. Six HSO pins are available: HSO.0, HSO.1, HSO.2,

v HSI.3, HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit.

Port 0 8-bit high impedance input-only port. These pins can be used as digital inputs and/or as .
analog inputs to the on-chip A/D converter.

Port 1 8-bit quasi-bidirectional 1/0 port. )

Port 2 8-bit multi-functional port. All of its pins are shared with other functions in the 80C196KC.

Ports 3 and 4 | 8-bit bi-directional I/0 ports with open drain outputs. These pins are shared with the
multiplexed address/data bus which has strong internal pullups. .

HOLD Bus Hold input requesting control of the bus.

HLDA Bus Hold acknowledge output indicating release of the bus.

BREQ Bus Request output activated when the bus controller has a pending external memory

cycle.
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MEMORY MAP
OFFFFH
EXTERNAL MEMQRY OR I/0 , '
- 6000H
INTERNAL ROM/EPROM OR
EXTERNAL MEMORY
2080H
RESERVED .
PTS VECTORS 205EH
2040H
UPPER INTERRUPT VECTORS
- 2030H
ROM/EPROM SECURITY KEY
2020H
RESERVED
2019H
CHIP CONFIGURATION BYTE 0
2018H
RESERVED
2014H
LOWER INTERRUPT VECTORS
2000H
- PORT 3 AND PORT 4 ,
1FFEH
EXTERNAL MEMORY
. 200H
ADDITIONAL RAM
100H
REGISTER FILE AND
EXTERNAL PROGRAM MEMORY
0

19H
18H
17H
16H
15H
14H
13H
12H
11H
10H
OFH
OEH
ODH
OCH
0BH
0AH
09H

07H
06H
05H
04H
03H
02H
01H
00H

08H,

SP (HI) 19H | SP (HI) 19H | SP (HI) 19H | SP (HI)

SP (LO) 18H | SP (LO) 18H | SP (LO) 18H | SP (LO)

1082 17H | PWMO_CONTROL 17H | PWM2_CONTROL 17H

1081 16H | 10C1 16H | PWM1__CONTROL 16H

10S0 15H, [ 10C0 15H | RESERVED 15H !

WSR 14H | WSR 14H | WSR ' 14H | WSR

INT_MASK1 13H | INT_MASK1 13H | INT_MASK1 13H | INT_MASK1

INT_PEND1 12H | INT_PEND1 12H | INT_PEND1 12H | INT_PEND1

SP_STAT 11H | SP_CON 11H | RESERVED 11H

PORT2 10H | PORT2 10H | RESERVED 10H | RESERVED

PORT1 OFH | PORT1 OFH | RESERVED OFH | RESERVED

PORTO OEH | BAUD RATE OEH | RESERVED OEH | RESERVED

TIMER2 (HI) ODH | TIMER2 (HI) ODH | RESERVED ODH | T2CAPTURE(HI)

TIMER2 (LO) OCH | TIMER2 (LO) OCH | 10C3* OCH | T2CAPTURE(LO)

TIMER1 (HI) OBH | I0C2 0BH | RESERVED 0BH

TIMER1 (LO) OAH | WATCHDOG OAH | RESERVED 0AH

INT_PEND 09H | INT_PEND 09H [ INT_PEND 09H | INT_PEND

INT_MASK 08H | INT_MASK 08H | INT_MASK 08H | INT_MASK

SBUF (RX) 07H | SBUF (TX) 07H | PTSSRV (HI), 07H

HSI_STATUS 06H | HSO_COMMAND 06H | PTSSRV (LO) 06H

HSI_TIME (HI) 05H | HSO__TIME (HI) 05H | PTSSEL(HI) 05H

HSI__TIME (LO) 04H | HSO__TIME (LO) 04H | PTSSEL(LO) 04H

AD_RESULT (HI) 03H | HSI_MODE 03H | AD_TIME 03H

AD_RESULT (LO) . 02H | AD_COMMAND 02H | RESERVED 02H

ZERO__REG (HI) 01H | ZERO__REG (HI) 01H | ZERO_REG (Hl) 01H | ZERO_REG (HI)

ZERO__REG (LO) 00H | ZERO_REG (LO) 00H [ ZERO_REG (LO) 00H | ZERO_REG (LO)
"WReONS RS TR Awvoow 1

*Formerly labeled T2CONTROL. or T2CNTC
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SFR BIT SUMMARY

AD_RESULT LO (02H) ' HSI__Mode (03H)
— 7161514131211} 0
- FEELEL
& C
1 A/D CHANNEL NUMBER HSI.0 MODE
- -
] HSI.1 MODE
STATUS:
p— 0=A/D CURRENTLY IDLE | HSI.2 MODE
1 = CONVERSION IN PROCESS HSI.3 MODE

. )

. WHERE EACH 2 = BIT MODE CONTROL FIELD
DEFINES ONE OF 4 POSSIBLE MODES:

A/D RESULT: ‘ \

LEAST SIGNIFICANT 2 BITS 00 8 POSITIVE TRANSITIONS

01 EACH POSITIVE TRANSITION

10 EACH NEGATIVE TRANSITION

270942-3 11 EVERY TRANSITION

(POSITIVE AND NEGATIVE)

v
1

|~

270942-6
AD_COMMAND (02H)
[0 | HSI_Status (06H)
L."J| CHANNEL # SELECTS WHICH OF THE 8 i
1 ANALOG INPUT CHANNELS IS TO BE |7|s|5]4|3]2[1]o|
- - | CONVERTED TO DIGITAL FORM. \ ek =
- L
3 |— GO = 1 START NOW 5 HSI.0 STATUS
| ° |7 GO = 0 START BY HSO COMMAN . , .
% |— =0 10-BIT CONVERSION HS11 STATUS
|~ 1 =1 8-BIT CONVERSION HSL.2 STATUS
[ X HSL3 STATUS
[ X | WHERE FOR EACH 2 - BIT STATUS FIELD THE LOWER
X SET UPPER THREE BITS TO ZERO BIT INDICATES WHETHER OR NOT AN EVENT HAS
b ‘ OCCURED ON THIS PIN AND THE UPPER BIT INDICATES

270942-4

THE CURRENT STATUS OF THE PIN.

270942-7

CCR (2018H)

|7]s]s]4]3]2]1]o]cHip conricuraTion recisTeR HSO_COMMAND (06H)

CHANNEL: 0~5 HS0.0 - HS0.5 INDIVIDUALLY
POWERDOWN MODE ENABLE 6 HS0.0 AND HSO.1
BUS WIDTH SELECT B o||7 Hso.2 AND Hs0.3
(16 - BIT BUS /8= BIT BUS) 7] | 3-8 SOFTWARE TIMERS
WRITE STROBE MODE SELECT L 'Jlc  HSO-HSO5 SIMULTANEOUSLY

D  RESERVED FOR FUTURE USE
F.1|E RESET TIMER2
F START A /D CONVERSION

—— INTERRUPT / NO INTERRUPT
—— SET/CLEAR
f— TIMER 2/ TIMER 1

N

(WR AND BHE / WRL AND WRH)
ADDRESS_VALID STROBE SELECT
(ALE / ADV)

(IRCO) ]INTERNAL READY CONTROL
(Rc1) | MODE

(Loco)
(Loct)

p—— LOCK CAM

Ledofo]>]«

]PROGRAM LOCK MODE
270942-8

270942-5
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!
SP_CON (11H) SP_STAT (11H)
= BIT.1, BIT.0 SPECIFY THE MODE '
1°] 0.0=MODEO 1.0 = MODE 2 X
1 .0:1=MODE1 1.1=MODE3 X
w2 PEN ENABLE THE PARITY FUNCTION 2 RECEIVE OVERRUN ERROR
Il? [ 3 = "REN ENABLES THE RECEIVE FUNCTION: 3 TRANSMITTER EMPTY
E 4 |— 788 PROGRAMS THE 9TH DATA BIT 4 FRAMING ERROR
e .
5 5 TRANSMIT, INDICATOR
—
6 6 RECEIVE INDICATOR
e
7 7 RECEIVE PARITY ERROR
270942-9 270942-30
1080 (15H) 1081 (16H)
0 HS0.0 CURRENT STATE 0 SOFTWARE TIMER O EXPIRED
1 HSO.1 CURRENT STATE 1 SOFTWARE TIMER 1 EXPIRED
2 HS0.2 CURRENT STATE 2 SOFTWARE TIMER 2 EXPIRED
3 HSO.3 CURRENT STATE 3 SOFTWARE TIMER 3 EXPIRED
4 HSO.4 CURRENT STATE 4 TIMER 2 HAS OVERFLOW
5 HS0.5 CURRENT STATE ’ 5 |— TIMER 1 HAS OVERFLOW'
6 |— CAM OR HOLDING REGISTER IS FULL 6 HSI FIFO IS FULL
7 HSO HOLDING REGISTER IS FULL 7 HS| HOLDING REGISTER DATA AVAILABLE
270942-10 270942-12
;
10C0 (15H) \ 10C1 (16H)
0 HSI.0 INPUT ENABLE / DISABLE 0 SELECT PWM / SELECT P2.5
1 TIMER 2 RESET EACH WRITE 1 EXTERNAL INTERRUPT ACH7 / EXTINT
2 |— HSL.1 INPUT ENABLE / DISABLE 2 TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE
3 TIMER 2 EXTERNAL RESET ENABLE / DISABLE 3 TIMER 2 OVERFLOW INTERRUPT ENABLE / DISABLE
4 HSL2 INPUT ENABLE / DISABLE 4 HS0.4 OUTPUT ENABLE / DISABLE
5_}— TIMER 2 RESET SOURCE HSI.0 / T2RST 5 SELECT TXD / SELECT P2.0 '
6 HSL3 INPUT ENABLE / DISABLE 6 HS0.5 OUTPUT ENABLE / DISABLE
7 TIMER 2 CLOCK SOURCE HSl.1 / T2CLK 7 HS! INTERRUPT
FIFO FULL / HOLDING REGISTER LOADED
270942-11 .
270942-13
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WSR (14H) 10C2 (OBH)
[ 0 ENABLE FAST INCREMENT OF T2
1 1 ENABLE T2 AS UP/DOWN COUNTER
2 2 ENABLE /2 PRESCALER ON PWMs
SWITCHES BETWEEN HWINDOWS
3 =" AND YWINDOWS 3 ENABLE 80C196KC A/D MODES
4 4 A/D CLOCK PRESCALER DISABLE
5 ' 5 T2 ALTERNATE INTERRUPT @ 8000H
6 6 ENABLE LOCKED CAM ENTRIES
7 ENABLES HOLD/HOLDA 7 CLEAR ENTIRE CAM .
270942-31 270942-33
10C3 (OCH IN HWINDOW 1) 1052 (17H)
_ﬂ—' ENABLE T2 INTERNAL CLOCKING INDICATES WHICH HSO EVENT OCCURED
| 0 HS0.0
—
2 |— ENABLE PWM1 1 f—Hsot
3 |— ENABLE PwM2 2 [—hso2
% | 3 |—Hso0.3
X | 4 HSO0.4
X | 5 —Hs0.5
_—— .
x 6 T2RESET
o 27094232 7 START A/D
270942-34
INT_PEND/INT_MASK (09H/08H) INT_PEND1/INT_MASK1 (12H/13H) _
() TIMER OVERFLOW 0 TRANSMIT INTERRUPT
1 A/D CONVERSION COMPLETE 1 RECEIVE INTERRUPT
2 HSI DATA AVAILABLE 2 |—HsI FIFO 4
3 HIGH SPEED OUTPUTS 3 TIMER 2 CAPTURE
4 HSLO PIN 4 TIMER 2 OVERFLOW
5 SOFTWARE TIMER 5 EXTINT PIN
6 SERIAL. PORT 6 HS! FIFO FULL
7 EXTERNAL INTERRUPT (EXTINT 7 NMI (SET TO 0)
OR PO.7 PIN) 704238
270942-37 . g
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ADVANGCE INEFORMATION

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings*

Ambient Temperatdre

NOTICE: This data sheet contains information on
products in the sampling and initial production phases
of development. It is valid for the devices jndicated in
the revision history. The specifications’ are subject to
change without notice. '

*WARNING: Stressing the device beyond the “Absolute

UnderBias..............01....... 0°Cto +70°C Maximum Ratings” may cause permanent damage.
. Storage Temperature .......... —65°Cto +150°C These are stress ratings only. Operation- beyond the
v Pi _ “Operating Condiitions” is not recommended and ex-
Voltage Qn.An)'/ PintoVss........ 0.5Vio +7.0v tended exposure beyond the “Operating Conditions’
Power Dissipation. ....................... .. 1.5W may affect device reliability.
Operating Conditions
1  symbol Description Min Max . Units
Ta Ambient Temperature Under Bias 0 +70 °C
Vce Digital Supply Voltage 4.50 5.50 v
VREr Analog Supply Voltage 4.00 5.50 "
fosc Oscillator Frequency 8 16 MHz
NOTE: \ ‘
ANGND and Vgg should be nominally at the same potential.
D.C. Characteristics (Over specified operating conditions)
Sym'hol Description Min Max Units Test Conditions
ViL Input Low Voltage -0.5 0.8 \
ViH Input High Voltage (Note 1) 0.2Vge + 1.0 | Voo + 0.5 \
Vuys Hysteresis on RESET 150 ' mV Vge = 5.0V
ViH1 Input High Voltage on XTAL 1 0.7 Vec Veo + 0.5 \"
ViHz Input High Voltage on RESET 2.2 Vece + 0.5 Vv
VoL Output Low Voltage 0.3 v loL = 200 pA
0.45 V | loL=28mA
1.5 v loL = 7 mA
VoL1 Output Low Voltage | 0.8 v loL = +0.4 mA
in RESET on P2.5 (Note 2) ’ ‘
VoH Output High Voltage Ve — 0.3 v lon = —200 pA
(Standard Outputs) Vece — 0.7 \ lon = —3.2mA
) ’ Vec — 1.5 \ loH= —-7mA
VoH1 Output High Voitage o Vg — 0.3 V| lon= —10pA
(Quasi-bidirectional Outputs) Vgo — 0.7 V | loy= —80pA
Vec — 1.5 \% loH =.—60 nA
Vo2 Output High Voltage 2.0 v | lon = —0.8 mA
in RESET on P2.0 (Note 2) o '
I Input Leakage Current (Std. Inputs) +10 RA 0 <V)N <Vgc — 03V
ILie Input Leakage Current (Port 0) +3 rA 0 < V|N < VRer
NOTES:

., 1. All pins except. RESET and XTAL1.

2. Violating these specifications in Reset may cause the part to enter test modes.
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D.C. Characteristics (Over specified operating conditions) (Continued)

Symbol Description Min | Typ | Max | Units Test Conditions
L 1 to 0 Transition Current (QBD Pins) —650 | pA | ViN = 2.0V
e Logical 0 Input Current (QBD Pins) —70 pA | VN = 0.45V

‘ ey AD Bus in Reset , —-70 | pA | VN = 045V
lcc Active Mode Current in Reset 50 70 mA | XTAL1 = 16 MHz
IREF A/D Converter Reference Current 2 5 ma | Vec = Vpp = VRer = 5.5V
lioLE Idle Mode Current 15 30 mA
IpD Powerdown Mode Current 16 | TBD kA | Vcc = Vpp = VRer = 5.5V
RRrsT Reset Pullup Resistor ‘ 6K 65K Q | Voc = 5.5V, VN = 4.0V
Cs Pin Capacitance (Any Pin to Vgg) 10 pF

NOTES:

(Notes apply to all specmcatlons)
1. QBD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7.
2. Standard Outputs include AD0-15, RD, WR, ALE, BHE, INST, HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4,
TXD/P2.0, and RXD (in serial mode 0). The Voy specification is not valid for RESET. Ports 3 and 4 are open-drain outputs.
3. Standard Inputs include HSI pins, READY, BUSWIDTH, NMI, RXD/P2.1, EXTINT/P2.2, T2CLK/P2.3, and T2RST/P2.4.
4. Maximum current per pin must be externally limited to the following values if VoL is held above 045V or VoH is held
+ below Vgg — 0.7V:

loL on Output pins: 10 mA

lon on quasi-bidirectional pins: self limiting

lon on Standard Output pins: 10 mA
5. Maximum current per bus pin (data and control) during normal operation is £3.2 mA.
6. During normal (non-transient) conditions the following total current limits apply

Port 1, P2.6 loL: 29 mA loH is self limiting
HSO, P2.0, RXD, RESET Io|_ 29 mA loH: 26 mA
P2.5, P2.7, WR, BHE loL: 13 mA low: 11 mA 5
ADO-AD15 loL: 52 mA lon: 52 mA
RD, ALE, INST-CLKOUT lp.: 13 mA loH: 13 mA
70  loc Max
60 /
50 /( lec Typ
40
A
o /-

// IDLE Max \‘
/

20 4
Ioee T
\ 10 DLE 'YP
-
.0

4 10 16
loc Max = 3.88 X FREQ + 8.43 WH
IipLE Max = 1.65 X FREQ + 2.2 Freq (MHz) 270842-17

Figure 5. Icc and lipLg vs Frequency
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A.C. Characteristics .

For use over specified operating conditioné.
Test Conditions: Capacitive load on all pins =

‘The system must meet these specifications to work with the 80C196KC:

100 pF, Rise and fall times = 10 ns, fogc = 16 MHz

Units

Symbol Description Min Max Notes
" Tavyy Address Valid to READY Setup 2 Tbsc — 68 . ns
Ty ALE Low to READY Setup Tosc — 70 ns
TYLYH Non READY Time No upper limit ns
ToLyx READY Hold after CLKOUT Low 0 Tosc — 30 ns| | (Note1)
TiLvx READY Hold after ALE Low Tosc — 15 | 2Tosc — 40 ns | (Note1)
Tavav Address Valid to Buswidth Setup 2Tosc — 68 ns
TLLgy ALE Low to Buswidth Setup Tosc — 60 ns
ToLax Buswidth Hold after CLKOUT Low 0 ‘ ns
TavDV Address Valid to Input Data Valid 3Tosc — 55 ns (Note 2)
TRLDV RD Active to Input Data Valid Tosc — 22 ns (Note 2)
TeoLpv CLKOUT Low to input Data Valid Tosc'— 50 ns
TRHDZ End of RD to Input Data Float Tosc ns
TRXDX Data Hold after RD Inactive 0 ‘ ns
NOTE: . ) ‘

1. If max is exceeded, additional wait states will occur.
2. If wait states are used, add 2 Togc * N, where N = number of wait states.
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A.C. Characteristics (Continued)
For user over specified operating conditions.

Test Conditions: Capacitive load on all pins = 100 pF, Rise and fall times = 10 ns, fogc = 16 MHz

The 80C196KC will meet these specifications:

Symbol Description Min Max Units Notes

FxTaL Frequency on XTAL4 8 . 16 MHz (Note 1)

Tosc 1/FytAL 62.5 125 ns

TXHCH XTAL1 High to CLKOUT High or Low 20 110 ns

TeLeL CLKOUT Cycle Time 2Tosc ns

TcHeL CLKOUT High Period Tosc — 10 Tosct+ 15 ns

ToLLH CLKOUT Falling Edge to ALE Rising -5 15 ns

TLLCH ALE Falling Edge to CLKOUT Rising -20 +15 ns

TLHLH ALE Cycle Time 4Tosc ‘ ns (Note 4)

TLHLL ALE High Period Tosc — 10 Tosc+ 10 ns

KVLL Address Setup to ALE Falling Edge Tosc — 15

TLLAX Address Hold after ALE Falling Edge Tosc — 40 ns

TLLRL ALE Falling Edge to RD Falling Edge Tosc — 30 ns

TRLCL RD Low to CLKOUT Falling Edge 4 30 ns

TRLRH "RD Low Period Tosc — 5 ns (Note 4)

TRHLH RD Rising Edge to ALE Rising Edge Tosc Tosc + 26 ns (Note 2)

TRLAZ RD Low to Address Float 5 ns

Towe ALE Falling Edge to WR Falling Edge Tosc — 10 ns

ToLwL CLKOUT Low to WR Falling Edge 0 25 ns .

TavwH Data Stable to WR Rising Edge Tosc — 23 (Note 4)

TCHWH . CLKOUT High to WR Rising Edge -10 - 15 ns

TwWLWH WR Low Period Tosc — 20 ns (Note 4)

TwHax Data Hold after WR Rising Edge Tosc — 25 ns

TWHLH WR Rising Edge to ALE Rising Edge Tosc — 10 Tosc + 15 ns (Note 2)

TwHBX BHE, INST after WR Rising Edge Tosc — 10 ns

TWHAX AD8-15 HOLD after WR Rising Tosc — 30 ns (Note 3)

TRHBX BHE, INST after RD Rising Edge Tosc — 10 ns

TRHAX AD8-15 HOLD after RD Rising Tosc — 30 ns (Note 3)
NOTES: .

1. Testing performed at 8 MHz. However, the device is static by design and will typically operate below 1 Hz.
2. Assuming back-to-back bus cycles.

3. 8-Bit bus only.

4. If wait states are used, add 2 Togc * N, where N = number of wait states.
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System Bus Timings

XTAL1
CLKOUT
t
fe—teLLn— LLcH — tRecL
LHLH ,
ALE / / , \
le— Y HLL YLRL tRLRH tRHLH — ’
READ \ /
ROV t
le— tavLL tLiax RHDZ
IR
BUS ADDRESS OUT DATA ZZZZZZ:,
A
le— tavov — -
twe twiwn tWHLH ] .
1
WRITE \ :
twHax
v |‘—‘ovwn—’
BUS apoRess out X4 DATA OUT )X( ADDRESS
| o | tRHBX
twhex
BAE,INST —{ VALID
| tRHAX
twHAX
AD8=15 -—( ADDRESS OUT
270942-18
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READY Timings (One Waitstate)

XTAL1

Tosc

_ CLKOUT

tiin * 2Tosc

RCTUI T (Lo L— _
ALE / (MAX) / \__
T Lty
—f | (MIN)
tavyy
e tRiRH * 2Tos¢ —————
READ \ Y,
e——— triov * 2Tosc —
QAVDV + ZTOSC — ™"
BUS ADDRESS OUT J\ { oan
| .
e—— twiwn * 2Tosc ——+
WRITE \ /
f——— tovwn * 2Tose ——
BUS ADDRESS OUT )X( " DATA OUT X ADDRESS
| [
270942-20
Buswidth Timings
N\ S L
{
cLkout _\_/—.\_/—-\_/-—_\.
Yoy ~————| — |-— teLex (MIN)
BUSWIDTH x VALID x

BUS

-

l

— )

270942-35
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HOLD/HLDA Timings :
Symbol . Description Min Max Units Notes
THVCH HOLD Setup 55 ns (Note 1)
TolHat | CLKOUT Low to HLDA Low -15 15 ns
ToLBRL CLKOUT Low to BREQ Low -15 15 ns
THALAZ HLDA Low to Address Float 10 ns
THALBZ HLDA Low to BHE, INST, RD, WR Weakly Driven 15 | 'ns
TCLHAH CLKOUT Low to HLDA High -15 15 ns
TolerH | CLKOUT Low to BREQ High -15 | 15 ns v
THAHAX HLDA High to Address No Longer Float —-15 ns
THaHey | HLDA High to BHE, INST, RD, WR Valid -10 ns
ToLLH CLKOUT Low to ALE High -5 15 ns
NOTE:

1. To guarantee recognition at next clock.

VD.C. SPECIFICATIONS IN HOLD

Description Min Max Units
Weak Pullups on ADV, RD, 50K 250K Ve = 5.5V, VN = 0.45V
WR, WRL, BHE :
Weak Pulidowns on - — o4
ALE, INST 10K 50K Voc = 5.5V, )y = 2.4

CLKOuUT

/N

_/ \ { /" \ \
thvew —-| HOLD thven '
LATENCY
HOLD
, [d g
toLhaL —f f— tCLHAH —= [e—
(—
)
HIDA "\ /
HALDA \ » /
7 g
telBRL —+ |— tCLBRH —> |o—
)\ /
BREQ \ " /
37
tHALAZ — "_ tHAHAX —>| te—
£ C
5
- er an W an W - [4
sus —( = 5 &K X \
3,
tHaLez —>) *— tHaHBY —>] |o—
— < ¢ ‘
HE, INST \ 77 ‘¢ \ [
RD, WR e
teLn
ALE ' ‘ —t G {C
LR )7
' 270942-36
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EXTERNAL CLOCK DRIVE

Symbol Parameter Min ~ Max Units

1/Txixe Oscillator Frequency 8 16.0 MHz

TxLxL Oscillator Period 62.5 125 ns’

TXHXX High Time 22 ns

Txixx Low Time 22 ns’

TXLXH Rise Time 10 ns

TXHXL Fall Time 10 ns

EXTERNAL CLOCK DRIVE WAVEFORMS

A.C. Testing inputs'are driven at 2.4V for a Logic “1” and 0.45V"
for a Logic “0” Timing measurements are made at 2.0V for a
Logic “1” and 0.8V for a Logic “0".

270042-21
A.C. TESTING INPUT, OUTPUT WAVEFORM FLOAT WAVEFORM
2.4 — — VLoAD*O-15V - VoR=0-15V .
>< : K TIMING REFERENCE
op> TEST POINTS << 08 X YLOAD == 2= OINTS <4:>_
0.45 : Vioap=0-15V VoL#0.15V
270942-22 .
27094223

For Timing Purposes a Port Pin is no Longer Floating when a
100 mV change from Load Voltage Occurs and Begins to Float
when a 100 mV change from the Loaded Vou/VoL Level occurs

loL/lon = =15 mA.

EXPLANATION OF AC SYMBOLS

Each symbol is two pairs of letters prefixed by “T” for time. The characters in a pair indicate a signal and its

condition, respectively. Symbols represent the time between the two signal/condition points.

Conditions: Signals:

H— High A— Address

L— Low B— BHE

V— Valid C— CLKOUT

X— No Longer Valid D— DATA

Z— Floating G— Buswidth
H— HOLD
HA— HLDA
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L— ALE/ADV
BR— BREQ

R— RD

W— WR/WRH/WRL
X— XTAL1

Y— READY

Q— Data Out
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intel

A.C. CHAhACTERISTICS—SERIAL PORT—SHIFT REGISTER MODE

, 8XC196KC

SERIAL PORT TIMING—SHIFT REGISTER MODE

Symbol Parameter Min ‘Max - Units
TxixL Serial Port Clock Period (BRR > 8002H) 6 Tosc ns
TXLXH Serial Port Clock Falling Edge 4Tosc £50 . ns
to Rising Edge (BRR > 8002H)
TxLXL Serial Port Clock Period (BRR = 8001H) 4 Tosc ns
TXLXH Serial Port Clock Falling Edge 2 Tosc £50 ns
to Rising Edge (BRR = 8001H)
TavxH Output Data Setup to Clock Rising Edge 2Tosc — 50 ns
TxHOX Output Data Hold after Clock Rising Edge 2Tosc — 50 ns
TxHaQV Next Output Data Valid after Clock Rising Edge 2Tosc + 50 ns
TovxH Input Data Setup to Clock Rising Edge Tosc +50 ns
TxXHDX Input Data Hold after Clock Rising Edge - 0 ns
TxHQZ Last Clock Rising to Output Float 1 Tosc ns

WAVEFORM—SERIAL PORT—SHIFT REGISTER MODE

SERIAL PORT WAVEFORM—SHIFT REGISTER MODE

F— Txuxe = )
LI I I I [ I I I I I I N I I
Tovxu | |“ Tyxn! f“ TxHav l‘—’| - [ TxHox Txuoz"I |“
(oum T Xz XT3 X+ X5 X X7 >
TovxH™] "‘ "I [+ TxHbx ‘ ‘
i, 2D @ I @ I @, 70 @, 7D @ I @ 1D @) I
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EPROM SPECIFICATIONS

A.C. EPROM Programming Characteristics
Auto, Slave Mode Operating Conditions: Load Capacitance = 150 pF, Tp = +25°C +5°C, Vcg, VRer =5V,
Vgs, ANGND = 0V, Vpp = 12,50V +0.25V, EA = 12,50V +0.25V

Run Time Programming Operating Conditions: Fosc = 6.0 MHz to 12.0 MHz, Vggr = 5V +0.50V. Tp =
+25°C to +£5°C and Vpp = 12.50V. For run-time programming over a full operating range, contact the factory.

Symbol ' Description - | Min Max Units
TSHLL Reset High to First PALE Low - 1100 Tosc
TLLLH PALE Pulse Width o 50 Tosc
TAvVLL ' Address Setup Time 0 Tosc
TLLAX Address Hold Time 100 . Tosc
TpLDV PROG Low to Word Dump Valid 50 - Tosc
TPHDX Word Dump Data Hold 50 Tosc
TovpeL Data Setup Time 0 Tosc
TPLDX Data Hold Time . 400 Tosc
TpLpH() PROG Pulse Width 50 Tosc
TPHLL PROG High to Next PALE Low 220 2 Tosc
TLHPL PALE High to PROG Low 220 Tosc
TPHPL PROG High to Next PROG Low 220 Tosc
“TPHIL - PROG High to AINC Low - . 0 Tosc
TiuH AINC Pulse Width 240 Tosc
TiLvH {  PVER Hold after AINC Low 50 Tosc
TiLPL AINC Low to PROG Low - 170 * Tosc
Tepuve |- PROG High to PVER Valid 220 - Tosc
NOTE:

1. This specification is for the Word Dump Mode. For programming pulses, use the Modified Quick Pulse Algorithm.

D.C. EPROM Programming Characteristics

Symbol Description ' Min Max Units
Ipp Vpp Supply Current (When Programming) . 100 mA
NOTE:

Vpp must be within 1V of V¢ while Vog < 4.5V. Vpp must not have a low impedance path to ground of Vgg while
Vce > 4.5V.
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EPROM PROGRAMMING WAVEFORMS

SLAVE PROGRAMMING MODE DATA PROGRAM MODE WITH SINGLE PROGRAM PULSE

RESET /
S tAVLL-’,l .
Posﬂ}f —— ADDR/COMMAND D= DATA ADDR/COMMAND
tSHLL tLLAX {DVPL [« tPLDX

PALE \ \

l— tLLLH tLHPL tPLPH —={= tPHLL +
PROG
PVER

l—— tPHVL

270942-27

SLAVE PROGRAM MODE IN WORD DUMP WITH AUTO INCREMENT

/

ADDR + 2

VER BITS/WD DUMP

PO;/Tf — g VER BITS/WD DUMP
tSHLL tPLDV —]
PALE \ /
FE_OT; ’
tiLPL . fe— tPHPL —
AINC

270942-28
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SLAVE PROGRAMMING MODE TIMING IN DATA PROGRAM WITH REPEATED PROG PULSE AND
AUTO INCREMENT :

ADDR ADDR ADDR + 2

PORTS 5 . '
3/4 ——-——QDDR/CONMANM DATA )——( DATA )—( DATA )——-

PALE ! \ /

|+ tPHPL e~ tILPL
PROG T . YRR en: Al .

—= tiLVH ‘-—

PVER . "\ VALID FOR Pt roo /|
e tiLIH
AINC ) ' : \
: —{tPHIL—

270942-29
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ADVANCE INFORMATION

10-BIT A/D CHARACTERISTICS
The speed of the A/D converter in the 10-bit mode

can be adjusted by setting a clock prescaler on or-

off. At high frequencies more time is needed for the
comparator to settle. The maximum frequency with
the clock prescaler disabled is 6 MHz. The conver-
sion times with the prescaler turned on or off is
shown in the table below. The following specifica-
tions are tested @ 16 MHz with OC7H in AD__TIME.

The converter is ratiometric, so the absolute accura-
cy is dependent on the accuracy and stability

of VRer. VRer must be.close to Vg since it supplies
both the resistor ladder and the digital section of the
converter. 2 )

A/D CONVERTER SPECIFICATIONS

The specifications given below assume adherence
to the Operating Conditions section of this data
' sheet. Testing is performed with Vger = 5.12V.

Clock i’rescaler On

Clock Prescaler Ooff Samble Time | Convert Time
10C24 =0 10C2.4 = 1 24 States 80 States
156.5 States 89.5 States C7Hin AD_TIME
19.5 us @ 16 MHz 29.8 us @ 6 MHz 13.3125 pus @ 16 MHz
Parameter Typical(3) Minimum Maximum Units* Notes
Resolution 1024 1024 Levels
10 10 Bits
Absolute Error 0 +3 LSBs
Full Scale Error 0.25 + 0.5 LSBs
Zero Offset Error 0.25 £ 0.5 LSBs
Non-Linearity 1.0 £20 0 +3 LSBs
Differential Non-Linearity Error >—1 2 LSBs
Channel-to-Channel Matching +0.1 0 + LSBs
Repeatability +0.25 LSBs
Temperature Coefficients:
Offset 0.009 LSB/°C
Full Scale 0.009 LSB/°C
Differential Non-Linearity 0.009 LSB/°C
Off Isolation —60 dB 1,2
Feedthrough —60 dB 1
V¢ Power Supply Rejection —60 dB 1
Input Resistance 750 1.2K 0
D.C. Input Leakage 0 3.0 RA
Sample Time: Prescaler On 16 States
Prescaler Off 8 States
Input Capacitance - pF
NOTES:

*An “LSB”, as used here, has a value of approximately 5 mV.

1. DC to 100 KHz.
2. Multiplexer Break-Before-Make Guaranteed.
3. Typical values are expected.for most devices at 25°C.
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8-BIT MODE A/D CHARACTERISTICS Sample Time Convert Time
The 8-bit mode trades off resolution for a faster con- 20 States 56 States

version time. The AD_TIME reguster must be used
when performing an 8-bit conversion.

The follownng specmcatlons are tested @ 16 MHz
with OA6H in AD_TIME.

A6H in AD_TIME . o
9.8125 us @ 16 MHz

NOTES:

*An “LSB”, as used here, has a value of approximately 20 mV.

1. Typical values are expected for most devices at 25°C.

80C196KB TO 80C196KC DESIGN
CONSIDERATIONS

1. Memory Map. The 80C196KC has 512 bytes of
RAM/SFRs and 16K of ROM/EPROM. The extra
256 bytes of RAM will reside in locations 100H-
1FFH and the extra 8K of ROM/EPROM will re-
side in locations 4000H-5FFFH. These locations
are external ' memory on the 80C196KB.

2. The CDE pin on the KB has become a Vgg pin on
the KC to support 16 MHz operation.

3. EPROM programming. The 80C196KC has a dif-
ferent programming algorithm to support 16K of
on-board memory. When performing Run-Time
Programming, use the section of code on page
3-91 of the 1989 16-bit Embedded Controller
Handbook.

4. ONCE™ Mode Entry. The ONCE mode is en-

tered on the 80C196KC by driving the TXD pin
low on the rising edge of RESET. The TXD pin is
held high by a pullup that is specified at 1.4 mA
and remain at 2.0V. This Pullup must not be over-
ridden or the 80C196KC will enter the ONCE
mode.

Parameter Typical Minimum Maximum Units* Notes
Resolution 256 256 . Levels
8 8 Bits
Absolute Error 0 | S LSBs
"Full Scale Error LSBs
Zero Offset Error +0.5 LSBs
Non-Linearity 0 .1 LSBs
Differential Non-Linearity Error >—1 +1 LSBs
Channel-to-Channel Matching +1 LSBs
Repeatability +0.25 LSBs
Temperature Coefficients: '
Offset 0.003 LSB/°C
Full Scale 0.003 LSB/°C
Differential Non-Linearity 0.003 LSB/°C

5. During the bus HOLD state, the 80C196KC weak- m

ly holds RD, WR, ALE, BHE and INST in their
inactive states. The 80C196KB only holds ALE in
its inactive state.

6. A RESET pulse from the 80C196KC is 16 states
rather than 4 states as on the 80C196KB (i.e., a
watchdog timer overflow). This provides a longer
RESET pulse for other devices in the system.

80C196KC ERRATA ’
1. Absolute maximum voltage on Port 0 is —0.5V to
6.0V relative to AVgg.

2. The HSI unit has two errata: one dealing with res-
olution and the other with first entries into the
FIFO.

The HSI resolution is 9 states instead of 8 states.
Events on the same line may be lost if they occur
faster than once every 9 state times.

There is a mismatch between the 9 state time HSI'
resolution and the 8 state time timer. This causes
one time value to be unused every 9 timer counts.
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ADVANGE INFORMATION

Events may receive a time-tag on one count later
than expecred because of this ‘ sklpped” time val-
ue.

If the first two events into an empty FIFO (not
including the Holding Register) occur in the same
internal phase, both are recorded with one time-
tag. Otherwise, if the second event occurs within

later than the first time tag. If this is the "sklpped”
time value, the second event’s tlme-tag is 2
counts later than the first's.

" If the FIFO and Holding Regrster are empty, the

first event will transfer into the Holding Register
after 8 state times, leaving the FIFO empty again.
If the second event occurs after this time, it will
act as a new first event into an empty FIFO.

9 states after the first, its time-tag is one count

DATA SHEET REVISION HISTORY

This data sheet is valid for devices with a “C” at the end of the topside tracking number. Data sheets are
changed as new device information becomes available. Verify with your local Intel sales office that you have
the latest versron before finalizing a design or ordering devices.

The following differences exist between this data sheet and 270741-003.
1. ONCE MODE V,_ errata removed.
2. VRer Min changed from 4.5V to 4.0V.

The following differences exist between the -002 and -003 versions of data sheet 270741.
1. 80-Pin QFP package added, 68-pin Cerquad package deleted.
2. The following D.C. Characteristics were added:
Vhys RESET Hysteresis spec added
liLy, AD BUS in RESET current Max added
3. The following A.C. Characteristics were changed:
Tavyv Max from 2Tpgc-75 to 2Tpsc-68
Tavgv Max from 2Togc-75 to 2Tpgc-68
TwiLwH Min from Togc-30 to Togc-20
TxHcH Min changed from 30 ns to 20 ns
THALBz Max changed from 10 ns to 15 ns
4. Under 10-bit A/D Characteristics:
Sample Time/Convert Time Testing Conditions added.
Typical values added for Full Scale Error, Zero Offset Error, Non-Linearity, and Channel-to-ChanneI Match-
ing.
Max Absolute Error changed from +8 to 3 LSBs
Max Non-Linearity changed from +8 to +3 LSBs
5. Under 8-bit Mode A/D Characteristics:
Max Absolute Error changed from +2 to =1 LSBs
Max Non-Linearity changed from +2 to +1 LSBs
Typical Full Scale Error changed from +1 to £0.5 LSBs
Typical Zero Offset Error changed from +2 to +0.5 LSBs

6. The minimum frequency at which the device is tested was changed to 8.0 MHz from 3.5 MHz. Thus, data
sheet specifications are guaranteed from 8 MHz to 16 MHz. However, the device is static and will function
below 1 Hz.

7. The T2CONTROL (T2CNTC) SFR was renamed IOCS
8.ONCE MODE V|1 errata added. Other errata removed.

9. The A-Step device correspondmg to data sheet 270741 -002 had buts I0C1.4 and I0C1.6 reversed. The
problem was corrected in the B-1 Step device corresponding to data sheet 270741-003. -
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DATA SHEET REVISION HISTORY (Continued)

The following are the important differences between the -001 and -002 versions of data sheet 270741. Please
review this revision history carefully. ' . .

1. The 83C196KC (ROM) was added to the product line. )

2. The OTP version of the EPROM was added to the product line.

3. HOLD/HLDA Specifications were added.

4. The Ipy test condition on Vo, 1 has changed to —0.5 mA from —0.4 mA.
5. The IpH test condition Vonp has-changed to 0.8 mA from 1.4 mA.

6. BMOVi errata was added..

7. Errata was added for the HSI resolutlon and first event anomalies.

8. Errata was added for the senal port Framing Error anomaly.
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8XC196KC
16-BIT MICROCONTROLLER
_ EXPRESS .

87C196KC—16 Kbytes of On-Chlp EPROM

80C196KC—ROMless -

'83C196KC—16 Kbytes of On-Chip ROM
m Extended Temperature Range - m Dynamically Configurable 8-Bit or

(—40°C to +85°C) . © 16-Bit Buswidth

m 16 MHz Operation m Full Duplex Serial Port’
m 232 Byte Register File [ ] High Speed 1/0 Subsystem
m 256 Bytes of Additional RAM m 16-Bit Timer ) ‘
m Register-to-Register Architecture m 16-Bit Up/Down Counter with Capture
m 28 Interrupt Sources/16 Vectors m 3 Pulse-Width-Modulated Outputs
m Peripheral Transaction Server m Four 16-Bit Software Timers
m 1.75 pus 16 x 16 Multiply (16 MHz2) m 8- or 10-Bit A/D Converter with
m 3.0 pus 32/16 Divide (16 MHz) Sample/Hold
m Powerdown and Idle Modes m HOLD/HLDA Bus Protocol
m Five 8-Bit I/0 Ports m OTP One-Time Programmable Version

16-Bit Watchdog Timer

With the commercial standard temperature range operational characteristics are guaranteed over the temper-
ature range of 0°C to + 70°C. With the extended temperature range option, operational characteristics are
guaranteed over the range of —40°C to +85°C.

" Package types and EXPRESS versions are identified by a one- or two-letter prefix to the part number. The
prefixes are listed in Table 1.

All A.C. and D.C. parameters in the commercial data sheets apply to the Express devices.

Veer  ANGND FREQUENCY
9 REFERENCE ¢
r
:
v ; h 6 Kbytes
A/D ] ] /EPROM
CONVERTER | ¢ | aye ' INTERRUPT |
T ! ' CONTROLLER
o LFLE MICROCODE '
' 3 ENGINE ' ___L — MEMORY
' W 2 ' CONTROLLER _—_>conmox.
tecflectecrccnlana Kl SIGNALS
LA _ ouzuzl
1 3
4 t 7'y t Y a t 4 T PORT 3
‘u T2CAPT I ::> AR
WATCH= BAUD . DATA
DOG ShoaL 4{ Rate | I'TiMER2 ‘ BUS
L TIMER GEN TIMER1 ! PORT 4
3 3 HOLD e
PULSE HiGH | | HLDA >
WIDTH PORT2 MULTIPLEXER SPEED | | BREQ »>
MOD /o PORT1 > m:‘z
4> ZA
A/D _JPORT 0 PORT 2/ < > ALTERNATE HSIU S <
] FUNCTIONS HSO 270704-1
Figure 1. 8XC196KC Block Diagram ‘
MCS®-96 is a registered trademark of Intel Corporation.
November WOO
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PACKAGING R - , ol
The 80C196KC is available'in a 68-pin PLCC package and 87C196KC is available in a 68-pin Cerquad pack-

age. Contact your local sales office to determine the exact ordering code for. the part desired.

Figure 3. 68-Pin Cerquad and PLCC Package

-5-131

Pin Description _ Pin.: ' Description Pin Description
9 ACH7/P0.7, | ~ 54 AD6/P3.6 31 . P1.6/HLDA
8 . ACH6/P0.6 53 AD7/P3.7 30 :, P1.5/BREQ
7 ACH2/P0.2 52 AD8/P4.0 29. - HSO.1"
6- ACHO0/P0.0 51 ‘AD9/P4.1 - .28 HSO.0
5 "ACH1/PQ.1 50, " AD10/P4.2 . 27 HSO5/HSI.3
4 - ACH3/P0.3 49 . AD11/P43 26 HS0.4/HSI.2
3 NMI 48 AD12/P4.4 25 HSL1. |
2 EA | 47 AD13/P4.5 24 HSLO .
1 Vee 46 AD14/P4.6 23 P1:4/PWM2
68 Vss . 45 AD15/P4.7 22 P1.3/PWM1
67 XTAL1 44 T2CLK/P2.3 21 P1.2
66 + XTAL2 43 ‘READY 20 P1.1
65 CLKOUT 42 - T2RST/P2.4 19 P1.0°
64 BUSWIDTH 41 BHE/WRH 18 TXD/P2.0
63 INST 40 WR/WRL 17 - RXD/P2.1
62 ALE/ADV .39 . PWMO/P2.5 16 RESET
61 RD -38 P2.7/T2CAPTURE 15 EXTINT/P2.2
60 ADO/P3.0" - 37 Vpp- : "4 Vss
59 AD1/P3.1 36 Vss 13 'VREF
58 - AD2/P3.2 35 "HS0.3 12 ANGND -
57 AD3/P3.3 34 HSO.2 1 ' ACH4/P.04
56 AD4/P3.4 33 P2.6/T2UP-DN 10 ACH5/P.05
55 AD5/P3.5 32 P1.7/HOLD
Figure 2. Pin Definitions
Nea e Table 1. Prefix Identification
gggegege =5 3 ]
§§§§§§amsag§§§al~§ln Cerquad PLCC
0000000NNNNNNNNNN 80C196KC TN80C196KC
9 87 65 4 3 2 1 6867666564 636261
P0.5 o - 0 3 ADO/P3 0
s I - SB[ | 83C196KG TNB3C196KO
o ® o v 87C196KC | TJB7C196KC | TN87C196KC*
vssO] 14 MCS™=96 56[7 AD4/P3.4 *OTP Version
EXTINT/P2.2C} 15 68 PIN 55 AD5/P3 5
ReseTC] 16 541 AD6/P3.6
RXD/P2.1 T} 17 53[0 AD7/P3.7
™XD/P2.0 ] 18 527 AD8/P4.0
P|.0|:| 19 51 AD9/P4.1
P1.10C] 20 TOP VIEW 50[3 AD10/P4 2
A b LOOKING DOWN ON 4 ko11/P43
PWM1/P130] 22 COMPONENT SIDE 48[ AD12/P4 4
e R o
Hsit 25 ' 4507 AD15/P4.7
HSI2/HS04 [} 26 440 YZCLK/PZ;S
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
REcharESm BEE R ER TS
HEE S I AR L
3 EEBL  1IFEg
270794-2




EV80C196KC EVALUATION BOARD BGERNINAE

EV80C196KC FEATURES

W Zero Wait-State 16 MHz Execution Speed

m 24K Bytes of ROMsim

® Flexible Wait-State, Buswidth, Chip-Select Controller
m Totally CMOS, Low Power Board

m Concurrent Interrogation of Memory and Registers

m Sixteen Software Breakpoints

®m Two Single Step Modes

m High-Level Language Support

® Symbolic Debug

m RS-232-C Communication Link

LOW COST CODE EVALUATION TOOL

Intel’s EVB0C196KC evaluation board provides a hardware environment for code
execution and software debugging at a relatively low cost. The board features the
80C196KC advanced, CHMOS*, 16-bit microcontroller, the newest member of the
industry standard MCS®-96 family. The board allows the user to take full advantage of
the power of the MCS-96. The EV80C196KB provides zero wait-state, 16 MHz execution
of a user’s code. Plus, its memory (ROMsim) can be reconfigured to match the user’s
planned memory system, allowing for exact analysis of code execution speedsina
particular application.

*CHMOS is a patented Intel process.
*IBM PC, XT, AT and DOS are reg; ks of I B Machines Corp

¢

Intel Corporation assumes no responsxblhty for the use of any circuitry olher than cxrcum'y embodies in an Intel product. No other circuit patent
licenses are implied. I d herein sup p! ly published specifications on these devices from Intel.

APRIL 1989
@ Intel Corporation 1989 ! 5-132 Order number: 270802-001



Popular features such as a symbolic single line assembler/disassembler, single-step
program execution, and sixteen software breakpoints are standard on the EV80C196KC.
Intel provides a complete code development environment using assembler (ASM-96) as
well as high-level languages such as Intel’s iC-96 or PL/M-96 to accelerate development
schedules.

The evaluation board is hosted on an IBM PC** or BIOS-compatible clone, already a
standard development solution in most of today’s engineering environments. The source
code for the on-board monitor (written in ASM-96) is public domain. The program is
about 1K, and can be easily modified to be included in the user’s target hardware. In this
way, the provided PC host software can be used throughout the development phase.

FULL SPEED EXECUTION

The EV80C196KC executes the user’s code from on-board ROMsim at 16 MHz with zero
wait-states. By changing crystals on the 80C196KC any slower execution speed can be
evaluated. The boards host interface timing is not affected by this crystal change.

24K BYTES OF ROMSIM

The board comes with 24K bytes of SRAM to be used as ROMsim for the user’s code and

as data memory if needed. 16K bytes of this memory are configured as sixteen bits wide,
and 8K bytes are configured as eight bits wide. The user can therefore evaluate the speed
of the part executing from either buswidth.

FLEXIBLE MEMORY DECODING

By changing the Programable Logic Device (PLD) on the board, the memory on the board
can be made to look like the memory system planned for the user’s hardware application.
The PLD controls the buswidth of the 80C196KC and the chip-select inputs on the board.
It also controls the number of wait states (zero to three) generated by the 80C196KC
during a memory cycle. These feafuires can all be selected with 256 byte boundaries

of resolution.

TOTALLY CMOS BOARD

The EV80C196KC board is built totally with CMOS components. Its power consumption
is therefore very low, requiring 5 volts at only 300 mA. If the on board LED’s are
disabled, the current drops to only 165 mA. The board also requires +/- 12 volts at

15 mA.

CONCURRENT INTERROGATION OF MEMORY AND REGISTERS

The mot;it,or for the EV80C196KC allows the user to read and modify internal registers
and external memory while the user’s code is running in the board. L

SIXTEEN SOFTWARE BREAKPOINTS

There are sixteen breakpoints available which automatically substitute a TRAP
instruction for a user’s instruction at the breakpoint location. The substitution occurs
when execution is started. If the code is halted or a breakpoint is reached, the user’s code
is restored in the ROMsim.
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TWO STEP MODES

There are two single-step modes available. The first stepping mode locks out all
interrupts which might occur during the step. The second mode enables interrupts, and
treats subroutine calls and interrupt routines as one indivisible instruction.

HIGH LEVEL LANGUAGE SUPPORT

The host software for the EV80C196KC board is able to load absolute object code
generated by ASM-96, iC-96, PL/M-96 or RL-96 all of which are available from Intel.

SYMBOLIC DEBUG

The host has a Single Line Assembler, and a Disassmbler, which recognize symbolics
generated by Intel software tools. '

RS-232-C COMMUNICATION LINK

The EV80C196KC communicates with the host using an Intel 82510 UART provided on
board. This frees the on-chip UART of the 80C196KC for the user’s application.

PERSONAL COMPUTER REQUIREMENTS

The EV80C196KC Evaluation Board is hosted on an IBM PC, XT, AT** or BIOS
compatible clone. The PC must meet the following minimum requirements:

m 512K Bytes of Memory

® One 360K Byte floppy Disk Drive

m PC DOS** 3.1 or Later

m A Serial Port (COM1 or COM2) at 9600 Baud
m ASM-96, iC-96 or PL/M-96

m A text editor such as AEDIT

P—1'l>

RS—232
BUFFERS

80C196K™
CPU

l 82510]
UART

8 to 32K

| B to 32K

DATA 8 to 32K A
X
RAM/EPROM

x 16
RAM/EPROM

‘Block Diagram of the 80C196KC Bdard
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“SOFTWARE __—

‘ACEI%'"‘ SOFTWARE MAKES YOU AN ARCHITECTURAL WIZARD
- INSTANTLY. -

If you want to learn 80C196KB architecture as fast as possible, so that you can
develop hardware and software in parallel, Intel has the perfect solution.

We call it ACE196™ Software.

PC-BASED SOFTWARE, TRAINING SPEEDS LEARNING

' ACE196™ Software is a PC-Based Expert System that uses artificial intelligence
technology and your PC’s high-resolution monitor to guide you through detailed
documentation tralmng

Its easy to use and hlghly graphic, designed to speed up your learning curve — and
" reduce your total design time, no matter what level of MCS-96 experience you have.
ACE196™ Software includes:
B A hypertext manual
.M Peripheral design modules
"' An assembler editor -

It uses “Hypertext” to efficiently present 80C196KB documentation by providing
‘highlighted links to related topics. You can follow these links several layers into the
documentation - without having to search through hundreds of cross-referenced
pages.

CONCENTRATE ON APPLICATIONS INSTEAD OF BIT-BY-BIT o
PROGRAMMING

After learning the basics of the architecture, you can use the ACE196™ design
module to program peripherals. So, you can concentrate on application needs versus
bit by bit programming materials. You'll save design time and minimize
programming errors.

Also, ACE196™ Software generates fully commented initialization code and features' :
scoreboards to document just how each peripheral has been programmed.

ACE196™ Software’s Assembler editor makes you syntax-literate right away. It
provides templates of over 100 instructions, on line help and automated reglster
programming and testing.

System requirements: IBM compatible XT or AT**, EGA Monitor, hard disk. 1 2 meg"
floppy dnve 640K memory

*IBM PC, XT, AT and DOS are registered trademarks of International Business Machines Corporation

Intel Corporahon assumes no responsibility for the use of any circuitry other than circuitry embodies 1 an Intel ¢
product No other circuit patent licenses are implied Information contaned herein supersedes previously published
specifications on these devices from Intel

@ Intel Corporation 1989
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COMPLETE SOFTWARE DEVELOPMENT SUPPORT FOR THE
8096/196 FAMILY OF MICROCONTROLLERS

Intel supports application development for its 8096 and 80C196 family of ‘
microcontrollers with a complete set of development languages and utilities. These tools
include a macroassembler, a PL/M compiler, a C compiler, linker/relocator program,
floating point arithmetic library, a librarian utility, and an object-to-hex utility. Develop
code in the language(s) you desire, then combine object modules from different languages

into a single, fast program.

FEATURES

¢ Software Tools support all members of
Intel’s MCS®-96 family
¢ ASM-96/196 macroassembler for speed
critical code
PL/M-96/196 package for the
maintainability and reliability of a high-
level language with support for many
low-level hardware functions
iC-96/196 package for structured C
language programming, with many
hardware specific extensions
Linker/Relocator program for linking
modules generated in assembler, PL/M
or C and assigning absolute addresses to
relocatable code. RL-96 prepares your

code for execution in target with a
simple, one-step operation
¢ 32-bit Floating Point Arithmetic Library
to reduce your development effort and to”
allow fast, highly optimized numerics-
intensive processing
¢ Library utility for creating and
maintaining software object module
libraries
o PROM building utility that converts
object modules into standard
"hexadecimal format for easy download
into a non-Intel PROM Programmer
¢ Hosted on IBM PC XT/AT with PC-DOS
3.0 or above

November 1990
Order Number: 280793-001




FEATURES

Create and
Maintain
Libraries With
LiB=96
Compile
With . @
1c-98/196C 0
0
Write
Source Code
Text ASM~96/196! o
Relocatable
Edtor © OMF-96
@ Object .
0 0 Modules
[PL/M=96/198!
) —
@ FPAL-96
: ©
0
Include
Floating Point

Libraries With

Link Modules
Together And
Assign Absolute
Addresses With

RL=96

©

0,

©

PROM
Loadable
Code

Linked
Absolute
OMF=96
Object
Modules

.
Y w—1
(/EB) LN

280793-2

Figure 1. MCS®-96 Application Development Process

ASM-96/196 MACROASSEMBLER

ASM-96/196 is the macroassembler for the
MCS-96 family of microcontrollers, including
the 80C196. ASM-96/196 translates symbolic

assembly language mnemonics into relocatable

object code.

The macro facility in ASM-96/196 saves
development and maintenance time, since
common code sequences need only be
developed once. The assembler also supports
symbolic access to the many features of the:
8096/196 and provides an “include” file with
all 8096/196 registers defined.

PL/M-96/196 SOFTWARE
PACKAGE

PL/M-96/196 is a high-level programming
language designed to support the software
requirements of advanced 16-bit
microcontrollers. The PL/M-96/196 compiler
translates PL/M high-level language
statements into 8096/196 relocatable object
code. Major features of the PL/M-96/196
compiler include:
¢ Structured programming. The PL/M
language supports modular and structured
programming, making programs easier to
understand, maintain, and debug.

6-3
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Built-in functions. PL/M-96/196 includes
an extensive list of functions, including
TYPE CONVERSION functions, STRING
manipulations, and functions for
interrogating MCS-96 hardware flags.
Interrupt handling. The INTERRUPT
attribute allows you to define interrupt
handling procedures. The compiler generates
code to save and restore the program status
word for INTERRUPT procedures.
Compiler controls. Compile-time options
increase the flexibility of the PL/M-96/196
compiler. These controls include: ’
optimization, conditional compilation, the
inclusion of common PL/M source files from
disk, cross-reference of symbels, and optional
assembly language code in the listing file. -
Data types. PL/M-96/196 supports seven
data types, allowing PL/M-96/196 to perform
three different kinds of arithmetic: signed,
unsigned, and floating point.

Language compatibility. PL/M-96/196
object modules are compatible with all other
object modules generated by Intel MCS-96
translators.
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[ FEATURES

' iC-96/196 SOFTWARE PACKAGE

Intel’s iC-96/196 is a structured programming
language designed to support applications for
the 16-bit family of MCS-96 microcontrollers.
iC-96/196 implements the C language as
described in the Kernighan and Ritchie book,
The C Programming Language, and includes
many of the enhancements as defined by the
proposed ANSI C standard. Major features of
the iC-96/196 compiler include: .
¢ Symbolics. The iC-96/196 compiler boosts
programmer productivity by providing
extensive debug information, including
symbols. The debug information can be used
to debug the code using either the VLSiCE-96
emulator or the ICETM-196PC emulator.
¢ Architecture Support. iC-96/196 generates
code which is fully optimized for the MCS-96
architecture. iC-96/196 provides an
INTERRUPT attribute, allowing you to
define interrupt handling functions in C, and
library routines which allow you to enable
and disable interrupts directly from C (mid-
1989). A REENTRANT/NOREENTRANT
control is also included, allowing the
compiler to identify non-reentrant
procedures. This gives you full access to the
large MCS-96 register set.
Standard language. iC-96/196 accepts
standard C source code. iC-96/196 code is
fully linkable with both PL/M-96/196 and
ASM-96/196 modules via an “alien”
attribute, allowing programmers to utilize
the optimal language for any application. In
addition, programmers can quickly begin -
programming with iC-96/196 because it
conforms to accepted C language standards.

RL-96/196 LINKER/RELOCATOR

Intel’s RL-196 utility is used to link multiple
MCS-96 object modules into a single program
and then assign absolute addresses to all
relocatable addresses in the new program.

Modules can be written in ASM-96/196,
PL/M-96/196, or iC-96/196. The RL-96/196
utility also promotes programmer productivity
by encouraging modular programming.
Because applications can be broken into
separate modules, they’re easier to design, test
and maintain. Standard modules can be reused
in different applications, saving software
development time.

FPAL-96/196 FLOATING POIN T
ARITHMETIC LIBRARY

FPAL-96/196 is a library of single-precision 32-
bit floating point arithmetic functions. These
functions are compatible with the IEEE
floating point standard for accuracy and
reliability and include an error-handler
library.

LIB-96/196

The Intel LIB-96/196 utility creates and
maintains libraries of software object modules.
Standard modules can be placed in a library,
and linked into your applications programs
using RL-96/196.

OH-96/196

The OH-96/196 utility converts Intel OMF-96
object modules into standard hexadecimal
format. This allows the code to be loaded
directly into a PROM via non-Intel PROM

‘programmers.

SERVICE, SUPPORT, AND
TRAINING

Intel augments its MCS-96 architecture family
development tools with a full array of
seminars, classes, and workshops; on-site
consulting services; field application
engineering expertise; telephone hot-line
support; and software and hardware '
maintenance contracts. This full line of
services will ensure your design success.

ORDERING INFORMATION

D86ASM96* 96/196 Assembler for PC XT or
AT system (or compatible),
running DOS 3.0 or higher

D86PLM96* PL/M-96/196 Software Package
for PC XT or AT system (or
compatible), running DOS 3.0 or
higher

D86C96* iC-96/196 Software Package for
PC XT or AT system (or
compatible), running DOS 3.0 or

higher

*Also Includes: Relocator/ Lmker, Object-to-hex converter, Floating Point Arithmetic Library, and Librarian.
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IN-CIRCUIT EMULATOR FOR THE 8x9 X FAMILY OF
MICROCONTROLLERS

The VLSiCETM-96 emulator is a complete hardware/software debug environment for
developing systems based on the Intel 8 X9 X family of microcontrollers. The VLSiCE-96
emulator supports all NMOS members of Intel’s MCS-96 microcontrollers, including the
8096BH, the 8098, the 8095, the 8097, and the 8096-90. With high performance 12 MHz
emulation, symbolic debugging, and flexible memory mapping, the VLSiCE-96 emulator
expedites all stages of development: software development, hardware development,
system integration and system test.

FEATURES

¢ Real-time transparent emulation, up to ¢ Symbolic debugging for faster and easier
12 MHz access to memory location and program

¢ 64K of mappable memory to allow early variables
software debug and (EP)ROM ¢ Fast breaks and dynamic trace to allow
simulation, even before any target the user to modify and interrogate
hardware is available memory, and access the trace buffer

¢ Trace contains execution address, without stopping emulation
opcode, symbolics, and bus information ¢ On-line Help file to speed development

¢ 4K frame trace buffer for storing real- ¢ Shadow Registers can read many write-
time execution history - only registers and write to many read-

¢ Ability to break or trace on execution only registers, allowing enhanced
addresses, opcodes, data values, or flags debugging over component features
values -

November 1990
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FEATURES

¢ Includes 68-pin PGA adaptor; optional 68-pin
PLCC and 48-pin DIP adaptors are.also
available o . .

o Serially hosted on IBM PC AT/XT or
compatibles with DOS 3.0 or greater

ONE TOOL FOR ENTIRE .
DEVELOPMENT CYCLE

The VLSiCE-96 emulator speeds target system
development by allowing hardware and
software design to proceed simultaneously:
You can develop software even before
prototype hardware is finished. And because'

1

the VLSIiCE-96 emulator precisely matches the *

component’s electrical and timing
characteristics, it’s a valuable tool for
hardware development and debug.

The VLSiCE-96 emulator also simplifies and
expedites system integration and test. As each
section of the hardware is completed, it is

simply added to the prototype and tested in
real-time. When the prototype is complete, it is
tested with the final version of the system
software. The VLSiCE-96 emulator can then be
used to verify or debug the target system as a
completed unit.

Because it supports the ROMIless, ROM and
EPROM versions of Intel’s microcontrollers,
the VLSiCE-96 emulator can debug a prototype
or production product at any stage in its
development without introducing extraneous
hardware or software test tools.’
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SPECIFICATIONS

HOST REQUIREMENTS

An IBM PC AT/XT or compatible with 512
Kbytes RAM and hard disk. Intel recommends
an IBM PC AT or compatible with 640 Kbytes
of RAM, one floppy drive and one hard disk

Electrical Characteristics

Power Supply .

100V -120V or 200V -240V (selectable)
50 Hz-60 Hz

2 amps (AC max) @ 120V

running PC-DOS 3.1 or later. 1 amp (AC max) @ 240V
System Performance Physical Characteristics
Mappable zero wait  Mappable to user Controller Pod Yo

state (up to 122 MHz), memory or ICE Width: 87" (21cm)
Min 0 Kbytes, Max  memory in 1K blocks Height: 1" ”(4 cm)

64 Kbytes on 1K boundaries Depth: 131;{; (34 cm)
Trace Buffer 4 Kbytes X 48 bits Weight: 41bs 2ke)
Virtual Symbol Table A maximum of 61 B PPl v (18 cm)

’ Kbytes of h‘?ft;’l“e;mry Height: 4" (10 cm)
:ﬁ:ﬁ;ﬁ:ﬂ‘ﬁ;‘n&l or Depth: 11" (28 cm)
table (VST). The rest of VW oignt: 151bs (Tke)
the VST resides on disk ~ User Cable: 3’ (1 m)
and is paged in and out
of host memory as
needed.

ﬂ "
POWER

POWER
SUPPLY

ACCESSORY

PROCESSOR
MODULE

Vee BOOSTER MODULE

TARGET
ADAPTER

CONTROLLER
POD

280794-2

Figure 1. The VLSiCE-96™ Emulator
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SPECIFICATIONS

68 PIN
5. PLCC ADAPTOR

Ol T 68 PIN PGA
ADAPTOR

Teesecesecssecccssseeses

48 PIN DIP
ADAPTOR

cessses

PIN 1

4.8"

280794-3

Figure 2. Dimensions for the Emulator Processor Board and Adaptors

Environmental Characteristics / SERVICE SUPPORT AND
Operating Temperature: 0°C to +40°C (—82°F TRAINING

) to +104°F) Intel augments its MCS-96 architecture family
Operating Humidity: Maximum to 85% development tools with a full array of
relative humidity, seminars, classes and workshops; on-site
non-condensing consulting services; field application

engineering expertise; telephone hot-line
support; and software and hardware
maintenance contracts. This full line of
services will ensure your design success.
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ORDERING INFORMATION

V096-KITA

V096KITD

TAO96E
TA096B

MSA96

VLSiCE-96 Power supply
cable, emulation base, user
cable, Crystal Power Accessory
(CPA), serial cables for PC AT/
XT, a 68-pin PGA target

adaptor, ASM-96, AEDIT Text

SA096D

Editor. Host, probe, diagnostic

and tutorial software on 5Y,"

- ' media for DOS hosts running
DOS V3.0 or later. (Requires

software license.)

Same as VO96KITA without
ASM-96 and AEDIT text
editor. - i
Optional 68-pin PLCC Targe
Adaptor Board :

Optional 48-pin DIP Target
Adaptor Board

Optional Multi-Synchronous
Accessory for multi-ICE
capability

D86C96NL

Software for host, probe,
diagnostic and tutorial on 5Y,"
media for use with the PC AT/
XT under PC-DOS V3.0 or
later. (Requires software
license.) (Included with
VO096KITA and VO96KITD.)

C-96 Compiler*

D86PLM96NL PL/M-96 Compiler*

DS6ASM96NL ASM-96 Macroassembler*

*Also Includes: Relocator/Linker, object-to-hex converter,
librarian, and Floating Point Arithmetic Library. '




REAL-TIME TRANSPARENT 80C196 IN-CIRCUIT
EMULATOR

280727-1

REAL-TIME TRANSPARENT 80C196 IN-CIRCUIT EMULATOR

The ICETM-196KB/PC in-circuit emulator delivers real-time high-level debugging
capabilities for developing, integrating and testing 80C196-based designs. Operating at
the full speed of the 80C196KB microcontroller, the ICE-196KB/PC provides precise I/0
pin timings and functionality. The ICE-196KB/PC also allows you to develop code before
prototype hardware is available. The in-circuit emulator represents a low-cost
development environment for designing real-time raicrocontroller-based applications
with minimal investment in time and resources.

f CETM-196KB/PC IN-CIRCUIT EMULATOR FEA TURES
¢ Real-Time Emulation of the 80C196KB ¢ Symbolic Support and Source Code

~ Microcontroller Display

¢ 64K Bytes of Mappable Memory ¢ Standalone Operation

¢ 2K-entry Trace Buffer ¢ Versatile and Powerful Host Software

¢ 3 Breakpoints or 1 Range Break ¢ Hosted On IBM PC, XT, AT, or
Compatibles With DOS 3.x

November 1990
6-10 Order Number: 280727-004
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FEATURES

REAL-TIME EMULATION

The ICE-196KB/PC provides real-time
emulation with the precise input/output pin
timings and functions across the full operating
frequencies of the 80C196KB microcontroller.
The ICE-196KB/PC connects to the intended

' 80C196KB microcontroller socket via a 16"
flex cable, which terminates in a 68-pin PLCC
probe.

MAPPABLE MEMORY

The ICE-196KB/PC has 64K bytes of zero wait-
state memory that can be enabled or mapped
as read-only, write-only or read/write in 4K
byte increments to simulate the internal
(EP)ROM of the 80C196KB or external
program memory.

TRACE BUFFER

The ICE-196KB/PC contains a 2K entry trace
buffer for keeping a history of actual
‘instruction execution. The trace buffer can be
conditionally turned off to collect a user
specified number of trace frames. Trace
information can be displayed as disassembled
instructions or, optionally, disassembled
instructions and the original iC-96 and
PL/M-96 source code.

BREAK SPECIFICATION

Three execution address breakpoints or one
range of addresses can be active at any time.
The ICE-196KB/PC allows any number of
breakpoints to be defined and activated when
needed.

SYMBOLIC SUPPORT AND
SOURCE CODE DISPLAY

Full ASM-96, PL/M-96 and iC-96 language
symbolics, including variable typing and scope,
are supported by the ICE-196KB/PC memory
accesses, trace buffer display, breakpoint
specification, and assembler/disassembler.
Additionally, iC-96 and PL/M-96 source code
can be displayed to make development and
debug easier.

STANDALONE OPERATION

Product software can be developed prior to
hardware availability with the optional
Crystal Power Accessory (CPA) and the
ICE-196KB/PC mappable memory. The CPA
also provides diagnostic testing to assure full
functionality of the ICE-196KB/PC.

VERSATILE AND POWERFUL
HOST SOFTWARE

" The ICE-196KB/PC comes equipped with an

on-line help facility, a dynamic command
entry and syntax guide, built-in editor,
assembler and disassembler, and the ability to
customize the command set via literal
definitions and debug procedures.

HOSTING

The ICE-196KB/PC is hosted on the IBM PC -
XT, AT or compatibles with PC-DOS 3.x.
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SPECIFICATIONS
REQUIREMENTS ‘ ENVIRONMENTAL
Host , . CHARACTERISTICS
IBM PC XT, AT (or compatible) . Operating Temperature 10°C to 40°C
2K bybgs RAM, Hard Disk 37.5°F to 104°F
PC-DOS 3.x . . ‘s .
One Unused Peripheral Slot . Operating Humidity 11\{Izixn‘nm}_11 55%:1.
DC Current 2.5A ) e atlv% umidity,
Note: ICE-196KB/PC uses two bytes of the user non-condensing
stack. ORDERING INFORMATION
TARGET INTERFACE BOARD Order Code Description
Length 2.0” (5.1cm) ICE196KBPC Emulation Board, user
. ” cable, target interface
Height 1.2" (3.0cm) board (PLCC), host,
Width - 2.3” (5.8cm) _ diagnostic, and tutorial
software on 5 ¥/,” DOS
USER CABLE . , diskette, and Crystal
Length 15.6" (39.6cm) Power Accessory with
N o power cable
PROBE ELECTRICAL . ICE196KBPCB Same as above except
80C196KB plus per pin 50 pf loading ~ does not include Crystal ,
5ns propagation delay . Power Accessory
1
CPA196KAKB Crystal P A
Icc (from target system) 50 mA @ 12 MHz a;zlrspiwegvgzll;le ((:;ﬁs;ory
Operating Frequency 3.5 to 12 MHz, TA196PLCC68PGA 68-Pin PGA Target
’ 12 MHz only with
CPA Adaptor
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MODULAR IN-CIRCUIT EMULATOR FOR THE 8xC196KB
FAMILY OF MICROCONTROLLERS

The ICET™-196KB/HX in-circuit emulator delivers a complete, real-time, hardware/
software debug environment for developing, integrating, and testing 8xC196KB-based
designs. The ICE-196KB/HX emulator is a high-performance modular debugging system °
featuring real-time and transparent 12 MHz emulation, high-level symbolic debugging,
complete execution and bus break/trace capabilities, 128 Kbytes zero-waitstate mappable
memory, and emulation trace. The ICE-196KB/MX emulator, a companion entry-level
system, is also available. The ICE-196KB/MX emulator can be upgraded to an ICE-
196KB/HX emulator with optional add-in boards. Both systems feature an identical
human interface, utilize the same base chassis, and are serially hosted on IBM PC XTs,
ATs, and 100% compatibles.

ICET™.-196KB/xX IN-CIRCUIT EMULATORS CORE FEATURES
¢ Precisely matches the component’s
electrical and timing characteristics
¢ Supports the ROMless and (EP)ROM
versions of the 8xC196KB
¢ Does not introduce extraneous hardware
or software overhead
¢ Modular base for future growth and
migration

ICET™ and ONCET™ are trademarks of Intel Corporation.
IBM® and PC AT® are registered trademarks of International Business Machines Corporation.
PC XTTM is a trademark of International Business Machines Corporation.

November 1990
6-13 Order Number: 280847-002
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ICETM-‘196KB/ HX IN-CIRCUIT EMULATOR

ICE™-196KB/MX IN-CIRCUIT
EMULATOR FEATURES

L]

Real-time transparent 8xC196KB emulation

to 12 MHz, including ROM and EPROM
versions, either in-target or standalone

Use of either target system or 64 Kbytes of
zero-waitstate emulator memory for program
execution

Event recognition of up to 255 execution
address specifications, elther specific or
ranges”

Fastbreaks,; wherein emulatlon is
immediately broken only for the duratlon of
a requested memory access

Single-step execution of machine
instructions, high-level language statements,
or procedure call blocks

Execution trace, 2K frames. deep, 1ncludmg
address, opcode in hex and mnemonic
formats, and operands in hex and symbolic
formats -

Functions to disassemble/assemble memory
in the form of machine instructions and to
display/modify program variables and
special function registers :
Symboli¢ referencing to memory locations
and microcontroller objects and the output of
symbolic information in trace and memory
disassembly displays

Automatic display of source statements
when memory is-disassembled, the trace
buffer is displayed, or emulation is broken
Automatic update of selected variables
displayed in a Watch Window

Dynamic display of the trace buffer during
emulation

A command line user interface with context-
sensitive help in pop-up windows
User-definable function keys and procedures
with variables and literal definitions
On-circuit emulation of surface mount
components

An emulation timer returning the time from
entering until leaving emulation
Synchronized multi-emulator start and
break and a trigger out for synchronization
with external logic analyzer or other device

ICET™.-196KB/HX IN-CIRCUIT
EMULATOR FEATURES

Includes all features of the ICETM-196KB/ '

MX emulator plus the following:

* Recognition of bus events (either instruction
fetch, data read or write at a specific address
or range of addresses, or a specific value or
range of values)

¢ OR combinations of execution/bus events or
strictly bus events, plus AND combmatlons

of bus events :

Event counters

Conditional arming and disarming of break

specifications

A deferred Fastbreak option whereby

emulation is broken only after reaching a

spécified address

Additional 64 Kbytes (128 Kbytes total) of

zero-waitstate emulation memory

The addition of bus address/data, processor

status bits, and logic clips information in the

trace buffer

Conditional arming and disarming of trace

specifications

. Reprogrammability of break and trace

specifications during emulation

Eight logic clips input lines may be used to

trigger an action and are captured in the

trace buffer

Qualification of events with an external

input SYSIN line

¢ Asynchronous break based on a signal from
an external device

¢ Eight logic clips output lines are settable to
simulate a condition in the target system

e SYSOUT output may be used to stimulate an
action in the target system based on a
recognized event

¢ An event timer calculating time between
specified conditions

6-14
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ICET™-196KB/HX IN-CIRCUIT EMULATOR

FEATURE COMPARISON OF INTEL’S 8xC196KB IN-CIRC uIT

ICE-196KB/MX and ICE-196KB/HX
emulators are complemented by Intel’s low-
cost ICE-196KB/PC emulator. All three
emulators utilize an upward-compatible
human interface to preserve your learning
investment and to allow multiple emulators
for large design teams. Each emulator has
been designed to work in conjunction with
Intel’s MCS-96 software tools, including a
macro assembler, a PL/M-96 compiler, an iC-
96 compiler, and various utilities.

Optional boards are available to upgrade an
ICE-196KB/MX emulator with some or all of
the functionality of an ICE-196KB/HX

EMULATORS

ICET™.-196KB/PC ICE-196KB/MX ICE-196KB/HX
Real-time, transparent Yes Yes Yes
Hosting PC XT Bus PCXT, AT Serial  PCXT, AT Serial
Expandable/Upgradable No Yes Yes
Mapped Memory (bytes) 64K 64K 128K
Trace Buffer (frames) 2K 2K 2K
Execution Breaks Yes Yes Yes
Breakpoints 3 255 - 255
Fastbreaks No Abrupt only Yes
Bus Break/Trace No No Yes'
Complex Break/Trace Events No No Yes
Reprogrammable Break/Trace No No Yes
'Symbolic Debug Yes Yes Yes
Source Code Display Yes Yes Yes
Watch Windows Yes Yes - Yes
Dynamic Trace Display No Yes. Yes
Emulation Timer . . No Yes Yes
Event Timer . No No Yes
Logic Analysis Clips No No Yes
Multi-ICE Support ‘ No - Yes Enhanced "
COMPLETE FAMILY OF 8x196 emulator. In addition, the ICE-196KB/MX and
DEVELOPMENT TOOLS ICE-196KB/HX emulators have been designed

to support future proliferations within the -
8xC196 family of microcontrollers. :

WORLDWIDE SERVICE AND
SUPPORT

Intel augments its MCS-96 architecture family
development tools with a full array of
seminars, classes, and workshops; on-site
consulting services; field application
engineering expertise; telephone hot-line
support; and software and hardware
maintenance contracts. This full line of

" services will ensure your design success.

6-15




intef

- SPECIFICATIONS '

'HOST REQUIREMENTS

Emulators require an IBM PC AT, XT, or
- 100% compatible with 512 Kbytes RAM and
hard disk running DOS 3.x.

ELECTRICAL
CHARACTERISTICS

Power Supply: 100V-120V or 200V-240V
50 Hz-60 Hz .
5 amps (AC max) @ 120V
2 amps (AC max) @ 240V

ELECTRICAL
CONSIDERATIONS

The emulator processor’s user-pin timings and
loadings are identical to the 8xC196KB
component except as follows:

e Additional pin capacitance:

Target interface board (TIB) Approximately
12pf
(30pf
maximum)

Pin 32 (P1.7/HOLD #) Approximately
70pf ‘
Approximately
70pf
Approximately
60pf
Approximately
60pf
Approximately
325pf '

All pins when using a hinge 10pf
cable
DC loading: Pin 1(VCC) can draw an

additional 5 mA (15mA worst case @ 5.5V)
due to power sensing circuitry.

Pin 43 (READY)
Pins 6 (RD#)

Pin 63 (INST)
Pin 16 (RESET #)

Sensing circuitry may also draw
approximately +0.1mA (£0.4 mA
maximum) DC current from any 8xC196KB
output pin.

e AC timings:

Pin 32 (P1.7/HOLD #) Degraded 1ns
Pin 43 (READY) Degraded 1ns
Pin 63 (INST) if jumper Degraded 1ns
E1-E3 is installed

Pin 16 (RESET #) Degraded 15ns

¢ ONCE support: If ONCE (on-circuit
emulation) mode is selected, the RD# and
INST pins are driven low while RESET # is
active (low).

PROCESSOR MODULE
DIMENSIONS-
r T 190"
- q ¢ - T
- ' b—-— a.s~—; l

TARGET m'rém BOARD

gt
L SR 3

PLCC PROBE

280847-2

PHYSICAL CHARACTERISTICS

Target Probe

Width: 6.9cm (2.7")

Height: 3.0cm (1.2")

Length: 11.0cm (4.3")

Package: 68-pin PLCC (optional 68-pin PGA
adaptor available)

Emulator Chassis
Width: 34 cm (13%")
Height: 12 cm (4'%4")
Depth: 28 cm (10%"”) Depth: 28cm(11”)
Weight: 3.2kg(71b)  Weight: 7 kg (151b)
Probe Cable Length: 40 cm (17")

Serial Cable Length: 3.65 m (12')

ENVIRONMENTAL
CHARACTERISTICS

Operating Temperature: 0°C to 40°C

Operating Humidity: Maximum 85%
relative humidity,
non-condensing

Power Supply
Width: 18cm (7Y%,")
Height: 10cm (4")

6-16
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ORDERING INFORMATION

ICE196KBHX

ICE196KBMX

ICE in-circuit emulator
base chassis, 196
emulation control board
(ECB), 196KB target probe,
196KB crystal power
accessory (CPA), enhanced
break/trace board (BTB),
64K optional memory
board (OMB), clips in/out,
power supply and cable,
serial cables for PC XT/
AT, 68-pin PLCC target
adapter. Host, 196KB
probe, diagnostic, and
tutorial software on 5Y/,"
media for DOS hosts
running DOS 3.x.
(Requires software
license.)

Same as ICE196KBHX
except without enhanced
break/trace board (BTB),
without 64K optional
memory board (OMB), and
without clips in/out

ICEBTB

ICEOMB

ICECLIPS

ADPTCA68PGA

ADPTCA68PLCC

ADPTONC68PLCC

6-17

Enhanced break/trace
board (BTB) for upgrading
an ICE-196KB/MX
system

Optional memory board
with 64K zero-waitstate
mapped memory for
upgrading an ICE-196KB/
MX system

Clips in/out for upgrading
an ICE-196KB/MX
system (requires an
enhanced break/trace
board) )

Hinge cable for 68 pin
PGA component
packaging

Hinge cable for 68 pin
PLCC component
packaging

Adaptor to support 68 pin
PLCC component
packaging ONCE (on-
circuit emulation)
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n
te| 87C257
256K (32K x 8) CHMOS EPROM

m CHMOS/NMOS Microcontroller and m Noise Immunity Features
Microprocessor Compatible — +10% V¢¢ Tolerance
— 87C257-Integrated Address Latch — Maximum Latch-up Immunity
— Universal 28 Pin Memory Site, 2-line Through EPI Processing
Control m New Quick-Pulse Programming™
m Low Power Consumption Algorithm
m High Performance Speeds —4 Second Programming
— 150 ns Maximum Access Time m 28-Pin Cerdip and 32-Lead PLCC
. Packages

(See Packaging Spec., Order #231369)

Intel’'s 87C257 EPROM is a 5V-only, 262,144-bit Erasable Programmable Read Only Memory, organized as
32,768 words of 8 bits. It employs advanced CHMOS*IlI-E circuitry for systems requiring low power, high
speed performance, and noise immunity. The 87C257 is optimized for compatibility with multiplexed address/
data bus microcontrollers such as Intel's 16 MHz 8051- and 8096- families.

The 87C257 incorporates latches on all address inputs to minimize chip count, reduce cost, and simplify
design of multiplexed bus systems. The 87C257’s internal address latch allows address and data pins to be
tied directly to the processor’s multiplexed address/data pins. Address information (inputs Ag—A14) is latched
early in the memory-fetch cycle by the falling edge of the ALE input. Subsequent address information is
ignored while ALE remains low. The EPROM can then pass data (from pins Og-07) on the same bus during
the last part of the memory-fetch cycle.

The 87C257 is offered in ceramic DIP (CERDIP) and Plastic Leaded Chip Carrier (PLCC) packages. The
CERDIP package provides flexibility in prototyping and R&D environments while the PLCC version is used in
surface mount and automated manufacturing. The 87C257 employs the Quick-Pulse ProgrammlngTM Algo-
rithm for fast and reliable programming.

*CHMOS is a patented process of Intel Corporation.

DATA OUTPUTS

RaEEaRN

OF —p OUTPUT ENABLE

& PROG LOGIC »  OUTPUT BUFFERS
’ CHIP ENABLE

ALE —p] ADDRESS LATCH ENABLE

Y DECODE > Y-GATING
X
2 .
> 262,144 BIT
Ag=Aq4 @ X DECODE "] CELL MATRIX
ADDRESS ——] &
INPUTS: a
<
290135-1
Figure 1. Block Diagram
September 1990
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Pin Names )
Ag-Aqs ADDRESSES
00-07 OUTPUTS
OE OUTPUT ENABLE
CE CHIPENABLE
ALE/Vpp . ADDRESS LATCH

ENABLE/Vpp

NC NO CONNECT
DU DON'T USE

87C257
ALENVer (11 ™ 2803 vec
A O2 27 Aw
‘A7 (3 26 A
ag CJ4 257 As
As Os 24[JAe
As O 23[J Ay
A3 7 22[7) OF
A2 (s 21[J Avwo
A Oo 20J CE
A Q1o "o,
0o 11 18[] Og
0y []12 17[ 05
02 13 16 : 04
GND (] 14 15[] O3
290135-2

Figure 2. DIP Pin Configuration
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EXTENDED TEMPERATURE

(EXPRESS) EPROMs 7
. . . ALE/V 1 28V,
The Intel EXPRESS EPROM family receives addi- / A"".E ) 27; ce
tional processing to enhance product characteris- 12 Ara
tics. EXPRESS processing is available for several A, 03 2601 A3
densities allowing the appropriate memory, size to Ag ] 4 250 Ag
match system requirements. EXPRESS EPROMs AsO]5 240 Ag
are available with 168 +8 hour, 125°C dynamic W=D 23 A
burn-in using Intel’'s standard bias configuration. ad7 N
This processing meets or exceeds most industry 3 gE
burn-in specifications. The EXPRESS product family A 08 210 A0
is available in both 0°C to +70°C and —40°C to 1= [ 20 :'l(:_ER v
+85°C operating temperature range versions. Like Voc-] RAol: 10 19 }m_.’ocf
all Intel EPROMSs, the EXPRESS EPROM family is 0o ¢v—] 11 18 | 3—viv-4
inspected to 0.1% electrical AQL. This allows reduc- oo - 12 17 R ] %
tion or elimination of incoming testing. ‘TR Wt 05
0; w113 16 :—vq- 0,
! .GND[] 14 15w 04
EXPRESS EPROM FAMILY
290135-4
OE =5VR = 1KQVgg = +5V
OPTIONS ALE/Vpp = +5V GND =%CVCE = GND
Packagin:
Speed ging - 30 us
CERDIP PLCC
—200V10 L T Ao I | I I I
PRODUCT DEFINITIONS® v Aq I I I
Type Operating Burn-in 125°C .
yp Temperature (°C) (hr) Ay,
N ) ‘ 200135-5
Q 0°Cto 70°C 168 +8 Binary Sequence from Ag to Aq4
T —40°Ct0 85°C NONE Burn-in Bias and Timing Diagrams
L —40°C to 85°C 168 =8
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ABSOLUTE MAXIMUM RATINGS* NOTICE: This is a production data sheet. The specm-
Operating Temperature ' . 0°C to 70°C(1) cations are subject to change without notice.
Temperature Under Bias .. ...... ...—10°Cto80°C  *WARNING: Stressing the device beyond the “Absolute
Storage Temperature. ............ _65°Cto 125°C  Maximum Ratings” may cause permanent damage.

These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”

Voltage on any Pin
(except Ag, Vg and Vpp)

with Respectto GND ...... P —2Vto 7V may affect device reiiability.
Voltage on Ag with : ' )
RespecttoGND............... —2Vto 13.5V(®
Vpp Supply Voltage with
RespecttoGND .......... R -2V 10 14.0V(2)
Vce Supply Voltage with o
RespecttoGND ................ —2Vto 7.0V(@) ,
READ OPERATION DC CHARACTERISTICS(1) Voo = 5.0V £10%
Symbol " Parameter ) Notes [ Min | Typ Max Unit Test Condition
M Input Load Current 7 0.01 1.0 | pA | VN =0Vto5.5V
ILo Output Leakage Current +10 pA | Vout = OVto 5.5V
Isg Ve Standby Current Switching 10 mA | CE = ALE = V|
‘ with Inputs— 6 mA | CE = ALE = Vgg £0.2V
Stable 1.0 mA | CE = Vi, ALE = V).
. ‘ 100 pA | CE = Voo £0.2V, ALE = GND
Icc Vcc Operating Current 3 30 ‘mA | CE = V)i, ALE = Vjy
. f=5MHz, loyt = 0mA
los Output Short Circuit Current 4,6 100 mA
ViL Input Low Voltage -05 0.8 v
ViH Input High Voltage 2.0 Vec+ 05| V )
’ VoL Output Low Voltage 0.45 V |loL=21mA
VoH Output High Voltage’ 2.4 V | loq = —400 pA
NOTES:

1. Operating temperature is for commercial product defined by this specification. Extended temperature options are available
in EXPRESS versions.

2. Minimum DC input voltage is —0.5V on mput/output pms During transitions, this level may undershoot to —2.0V for
periods < 20 ns. Maximum DC voltage on mput/output pins is Vcg + 0.5V which, during transitions, may overshoot to Voo
+ 2.0V for periods < 20 ns.

3. Maximum current value is with outputs Og to O7 unloaded.

L4 Output shorted for no more than one second. No more than one output shorted at a time.

5. Voc must be applied simultaneously or before ALE/Vpp and removed simultaneously or after ALE/Vpp
6. Sampled, not 100% tested.
" 7. Typical limits are at Voc = 5V, Tp = 25°C.

7-4
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READ OPERATION AC CHARACTERISTICS(1) vec = 5.0V £10%

. . 87C257-150V10 87C257-200V10 .
(4) + 10
Versions Vec £10% | Ng7c257-150v40. |  N87C257-200v40 | Unit
Symbol Parameter Notes Min Max Min Max
tacc Address to Output Delay 150 200 ns
tce CE to Output Delay 2 150 200 ns
toe OE to Output Delay 2 58 75 ns
tor OE High to Output High Z vo3 35 40 " | ns
toH Output Hold from Addresses, CE or 3 0 0 ns
OE Change-Whichever is First
t Latch Deselect Width 35 50 ns
tAL Address to Latch Set-Up 3 7 15 ns
ta Address Hold from LATCH 23 30 ns |
tLoE ALE to Output Enable 23 30 ns
NOTES: ‘ .
1. See AC Input/Output Reference Waveform for timing measurements.
2. OE may be delayed up to tce-toE after the falling edge of CE without impact on tcg.
3. Sampled, not 100% tested.
4. Model Number Prefixes: No Prefix = CERDIP, N = PLCC.
AC WAVEFORMS
Vin
ADDRESSES ADDRESS IN STABLE
vIL e}
e tal —te— t o —]
ALE \ s—"
\/
v"‘ L —= tee ’
3 \ \ ‘« /
ViL ‘ 5
t {, ] — %,
Vi LOE - OE — JI DF
o \ N ,
vlL v}, J '
Vi tacc : ton—1 [+
HIGH Z i 3 \
OUTPUT =—Zeme{ DATA OUT VALID
i H;—E_
290135-6
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CAPACITANCE(1) T, = 25°C,f = 1.0 MHz .

Symbol Parameter Max | Units | Conditions
CiN Address/Control Capacitance‘ 6 pF |{ViN =0V
Cout = | Output Capacitance 12 | pF |Vouytr = OV
NOTE: ‘

1. Sampled. not 100% tested.

AC INPUT/OUTPUT REFERENCE WAVEFORM AC TESTING LOAD CIRCUIT
1.3V .
vV, Iqe 1N914
ey “ronts <7 Y
1.5 =—TEST POINTS OUTPUT
Y L ViL RL
oL ), DEVICE
290135-7 UNDER out
TEST I CL
AC test inputs are driven at Vop (2.4 V1) for a Logic CL = 100 pF. . 290135-8
“1” and Vo (0.45 V17) for a Logic “0”. Input timing C Includes Jig Capacitance
begins at 1.5V. Output timing ends at Vi (2.0 V1) RL = 3.3 KQ
and Vi (0.8 VyT1L). Input rise and fall times (10% to
90%) < 10 ns.

DEVICE OPERATION

The Mode Selection table lists 87C257 operating modes. Read mode requires a single 5V power supply. All
inputs, except Vcc and ALE/Vpp, and Ag during intgligent Identifier Mode are TTL or CMOS.

Table I. Mode Selection

Mode Notes CE OE Ag | Ao QII:;::/ Vee Outputs

Read 1 ViL ViL X X X Vee Dout

Output Disable ViL VIH - X X X Vee High Z

Standby ViH X X X X Voo High Z

Program . 2 ViL VIH X X - Vpp VCP Din

Program Verify ViH ViL X X Vpp Vep Dout

Optional Program ViL ViL X X Vep Vep Dout

Verify o ' ' ‘

Program Inhibit ViH VIH X - X Vpp Vep High Z

intgligent Identifier 2,3 ViL Vi Vip ViL X Vee 89 H
-Manufacturer

intgligent Identifier 2,3 ViL ViL Vip ViH X ‘VC(.;, 24H
-87C257

NOTES:

1. X can be Vy_ or Viy. .
2. See DC Programming Characteristics for Vgp, Vpp and V)p voltages.
3. A1-Ag, Aqo-14 = VL.
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Read Mode

The 87C257 has two control functions; both must be
logically enabled to obtain data at the outputs. CE is
the power control and the device-select. OE gates
data to the output pins by controlling the output buff-
er. When the address is stable (ALE = V|y) or
latched(ALE = V), the address access time (tacc)
equals the delay from CE to output (tcg). Outputs
display valid data tog after the falling edge of OE,
assuming tacc and tce times are met.

The 87C257 reduces the hardware interface in multi-
plexed address-data bus systems. Figure 4 shows a
low power, small board space, minimal chip
87C257/microcontroller design. The processor’s
multiplexed bus (ADg.7) is tied to the 87C257’s ad-
dress and data pins. No separate address latch is
needed because the 87C257 latches all address in-
puts when ALE is low.

ALE controls the 87C257’s internal address latch.
As ALE transitions from V| to V), the last address
present at the address pins is retained. OE can then
enable EPROM data onto the bus.

Vcc must be applied élmu’ltaneously or before

ALE/Vpp and removed simultaneously or after
ALE/Vpp.

Vss Vec RST Vee Vss
L1 [ [l
87C257
g XTAL1 Py s Q 04=0r
L XTAL2 Q A=Ay
80C31 :
Py ’d Ag=Aqy
15  &E
PUo e > §EE ‘
EA  PSEN »{ OF
g IS o=
290135-9

Figure 4. 80C31 with 87C257
System Configuration

Two Line Output Control

EPROMs are often used in larger memory arrays.
Intel provides two control inputs to accommodate
multiple memory connections. Two-line control pro-
vides for:

a) lowest possible memory power dissipation

b) complete assurance that data bus contention will
not occur

To efficiently use these two control inputs, an ad-
dress decoder should enable CE, while OE should
be connected to all memory devices and the sys-
tem’s READ control line. This assures that only se-
lected memory devices have active outputs while
deselected memory devices are in Standby Mode.

Standby Mode

Standb mode substantially’ reduces Vcc current.
When = Vjn, the outputs are in a high |mped-
ance state independent of OE.

Program Mode

Caution: Exceeding 14V on Vpp will permanently
damage the device.

Initially, and after each erasure, all EPROM bits are
in the “1” state. Data is introduced by selectively
programming “0s” into the desired bit locations. Al-
though only “0s” are programmed, the data word
can contain both “1s” and “0s”. Ultraviolet light era-
sure is the only way to change “0s” to “1s”.

Program Mode is entered when Vpp is raised to
12.75V. Data is introduced by applying an 8-bit word
to the output pins. Pulsing CE low while OE = V|y
programs that data into the device.
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Program Verify . - -

A verify should. be performed following a program
operation to determine that bits have been correctly
programmed. With Vgc at 6.25V, a substantial pro-
gram margin in ensured. The verify is performed with
CE at V|y. Valid data is available tog after OE falls
low. ' ‘

Optional Program Verify

The optional verify allows parallel programming and
verification when several devices share a common
bus. Itis performed with CE = OE = V)_and Vpp =
Vcc = 6.25V. The normal read mode is then used
for program verify. Outputs will tri-state depending
on OE and CE.

Program Inhibit

Program Inhibit Mode allows parallel programming
of multiple EPROMSs with different data. CE-high in-
hibits programming of non-targeted devices. Except
for CE and OE, parallel EPROMs may have common
inputs. ‘

inteligent Identifier™ Mode

The intgligent ‘Identifier Mode will determine - an
EPROM'’s manufacturer and device type, allowing
. programming equipment to automatically match a
device with its proper programming algorithm.

This mode is activated when a programmer forces
12V +0.5V on Ag. With CE, OE, Aj-Ag and Aqo-
Aqg4 at Vi, Ag = V| will present the the manufactur-
er code and Ag = V)4 the device code. When Ag =
Vb, ALE need not be toggled to latch each identifier
address. This mode functions in the 25°C +5°C am-
bient temperature range required during program-
ming.

7-8

SYSTEM CONSIDERATIONS -

EPROM power switching characteristics. require
careful device decoupling. System designers are in-
terested in 3 supply current issues: standby current
levels (Isg), active current levels (Icc), and transient
current peaks produced by falling and rising edges
of CE. Transient current magnitudes depend on the
device output’s capacitive and inductive loading.
Two-line control and proper decoupling - capacitor
selection will suppress transient voltage peaks.
Each device should have a 0.1 uF ceramic capacitor
connected between its Voo and GND. This high fre-
quency, low inherent-inductance' capacitor should
be placed as close as possible to the device. Addi-
tionally, for every 8 devices, a 4.7 uF electrolytic
capacitor should be placed at the array’s power sup-
ply connection between Vg and GND. The bulk ca-
pacitor will overcome voltage slumps caused by PC
board trace inductances. '

ERASURE CHARACTERISTICS

Erasure begins when EPROMs are exposed to light
with wavelengths shorter than approximately 4000
Angstroms (A). It-should be noted that sunlight and
certain fluorescent lamps have wavelengths in the
3000-4000A range. Data shows that constant expo-
sure to room level fluorescent lighting can erase an
EPROM in approximately 3 years, while it takes ap-
proximately 1 week for direct sunlight. If the device
is exposed to these lighting conditions for extended
periods, opaque labels should be placed over the
window to prevent unintentional erasure.

The recommended erasure procedure is exposure -
to ultraviolet light of wavelength 2537A . The inte-
grated dose (UV intensity x exposure time) for era-
sure should be a minimum of 15 Wsec/cm2, Erasure
time is approximately 15 to 20 minutes using an ul-
traviolet lamp with a 12000 pW/cm2 power rating.
The EPROM should be placed within 1 inch of the
lamp tubes. An EPROM: can be permanently dam-
aged if the integrated dose exceeds 7258
Wsec/cm2 (1 week @ 12000 pW/cm?2).
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Figure 5. Quick-Pulse Programming™ Algorithm

Quick-Pulse Programming™ Algorithm

The Quick-Pulse programming algorithm programs
Intel’s 87C257. Developed to substantially reduce
programming throughput, this algorithm can program
the 87C257 as fast as four seconds. Actual pro-
gramming time depends on programmer overhead.

The Quick-Pulse programming algorithm employs a
100 us pulse followed by a byte verification to deter-
mine when the addressed byte has been successful-
ly programmed. The algorithm terminates if 25 at-
tempts fail to program a byte.

The entire program-puise/byte verify sequence is
performed with ALE/Vpp = 12.75V and Vcg
6.25V. When programming is complete, all bytes are
compared to the original data with Vcc = 5.0V."

Alternate Programming .
Intel’'s 27C256 and 27256 Quick-Pulse Programming

‘algorithms will also program the 87C257. By overrid-

ing a check for the intgligent Identifier, older or non-
upgraded PROM programmers can program the
87C257. See Intel’'s 27C256 and 27256 data sheets
for programming waveforms of these alternate algo-
rithms.
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DC PROGRAMMING CHARACTERISTICS T4 = 25°C +5°C

Symbol Parameter ‘Notes| Min | Typ Max Unit | Test Condition
I '| Input Load Current ' o 1.0 BA | VIN = VjLorViy
lcp Vec Program Current 1 30 mA | CE = VL

Ipp Vpp Program Current 1 ' e 50 mA | CE = VL

ViL Input Low Voltage . 02 0.8 v

ViH Input High Voltage 20 Veg + 05| V

VoL Output Low Voltage (Verify) ) . ) 0.4 V |loL=21mA
VoH Output High Voltage (Verify) Vec — 0.8 V | loyq = —400 nA
Vip Ag intgligent Identifier Voltage 11.5 12.0 125 \'

Vpp Vpp Program Voltage 2,3 12,5 12.75 13.0 \

Vep Vec Supply Voltage Program 2 6.0 - 6.25 6.5 \

AC PROGRAMMING CHARACTERISTICS“) Ta = 25°C £5°C

.

Symbol Parameter Notes Min Typ Max Unit
tvcs Vcp Setup Time . .2 2 l us
tvps Vpp Setup Time 2 2 us
tas Address Setup Time ' 2 us
tps Data Setup Time 2 | ns
tpw CE Program Pulse Width ‘ 95 100 105 us
toH Data Hold Time o ) 2 us
toEs OE Setup Time 2 us
toE Data Valid from OE 5 150 ns
0P gﬁt:l:gtﬁtgh z 56 |, 0 130 ns
tAH Address Hold Time ‘ 0 s
NOTES:

1. Maximum current value is with outputs 0Op to 07 unloaded.

2. Vcp must be applied simultaneouisly or before Vpp and removed snmultaneoUst or after Vpp. .

3. When programming, a 0.1 uF capacitor is required between Vpp and GND to suppress spurlous voltage transients which
can damage the device.

4. See AC Input/Output Reference Waveform for timing measurements.

5. tog and tprp are device characteristics but must be accommodated by the programmer.

6. Sampled, not 100% tested. )

7. During programming, the address Iatch functlon is bypassed whenever Vpp = 12.75V or Ag = V. When Vpp and Ag are
at TTL levels, the address latch function is enabled, and the devigce | functions’in read mode.

8. Vpp can be 12.75V during Blarik Check and Final Verify; if so, CE must be V.

\
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PROGRAMMING WAVEFORMS

intgligent Identifier inteligent identifier Blank Check Program Read
Tegal Bit Check rerEm Verify Verify
120V ------ -
™ s Ao=Vi  \
Address A1-g: Ajo-12=ViL X ADDRESS VALID N . ADDRESS STABLE R ADDRESS VALID .
- tace ] = tace™ ] = tace = s |+ torp~{ [+ tace |

Vi .
poto VAN /I vaun \ £ vauo DATA IN OATA VALID
\oureur \outeur \oureur STABLE s louTPUT
v e/
v . o ftos = le-ton o et . .

,>_
5
i
4

L% s | S
[ S—

_—_\_
Ve ‘ctk / ~itves [+
CE
TN TN T
S\ W\ W\

A\
- . 290135-11

REVISION HISTORY
Number Description
07 Revised general datasheet structure, text to improve clarity.
Combined TTL/NMOS and CMOS Read Operation DC Characteristics.
Deleted -250 EXPRESS option.
Added -150 speed bin.
Deleted -170 speed bin.
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16-Bit Embedded Controllers

If you need the performance of a 16-bit
controller, this handbook has the answers.
Real-time event control. Motion control.
Motor control. These types of applications
(and more) can be handled by the Intel
MCS®.96 family of 16-bit embedded
controllers. The MCS-96 product line is
designed for applications which require
high speed calculations and fast
Input/Output (I/O) operations.

The 80C196KB family is a CHMOS
branch of the MCS-96 family.
Comprehensive 80C196KB:and
80C196KC user’s guides are included in
this volume.

This handbook contains complete
product specifications, including data
sheets and architectural descriptions. Also
included are descriptions of instruction
sets and development support tools;
comprehensive charts covering symbols

. and functions; block diagrams; electrical

characteristics and functional descriptions.
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