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CONVENTIONS

Arial Bold Designates headings, figure captions, and table caption
Blue Designates hyperlinks (PDF copy only).
Designates emphasis or caution related to nearby information. Italics is also

used to designate variables, refer to related documents, and to differentiate
terms from ot her Duriognafresh cycles, theasdad e . g .
busses may not have the same address during the address phaad btithe
cycleo ) .
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ACRONYMS AND ABBREVIATIONS

AMD® Advanced Micro Devices
BIC Bus Interface and Control
CDRAM Count for DynamidRAM
CSC Chip Selects and Control
DA Disable Address
DMA Direct Memory Access
EOI Endof Interrupt
INSERV In-Service
ISR Interrupt Service Routine
LMCS Low-Memory Chip Select
MC Maximum Count
MDRAM Memory Partition foDynamicRAM
MILESE Managed IC Lifetime Extension System
MMCS MidrangeMemoryChip Select
NMI nonmaskable interrupt
PCB peripheral control block
P1O programmable 1/0O
PLL phaselock-loop
POR poweron reset
PQFP Plastic Quad Flat Package
PSRAM PseudeStatic RAM
RCU Refresh Cotrol Unit
RoHS Restriction of Hazardous Substances
SFNM Special Fully Nested mode
SYSCON System Configuration Register
TQFP Thin Quad Flat Package
UART Universal Asynchronous Receiv&ransmitter
UMCS Upper Memory Chip Select
WDT Watchdog Timer
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1. Introduction

The IA186ES/IA188ES is a form, fit, and function replacement for the original Advanced Micro
Devices (AMDP®) Am186ES/188ES family of microcontrollers. Innovasic produces replacement

ICs using its MILES , or Managed IC Lifetime Extension System, cloniachnology that
produces replacement 1 Cs far more compl ex
compatible with the original IC. MILES captures the design of a clone so it can be produced
even as silicon technology advances. MILES also verifies time @gainst the original IC so
that even the Aundocumented featureso are

1.1 General Description

ThelA186ES/IA188ESfamily of microcontrollers replaces obsolete AMD Am186ES/188ES
devices, allowing customers to retain existing board designs, sefewmpilers/assemblers, and
emuation toolsand thus avoiéxpensive redesign efforts.

ThelA186ES/IA188ESmicrocontrollers are an upgrade for the 80C186/188 microcontroller
designs, with integrated peripherals to provide increased functionality ane tiiem costs.

t ha

dup

The Innovasic devices are designed to satisfy requirements of embedded products designed for

telecanmunications, office automatistbrage, and industrial controls.
1.2 Features

« Pinfor-pin compatible with AMD Am186ES/188ES devices

« All features are retained, including:

" A phaselock loop (PLL) allowing same crystal/system clock frequency
An 8086/8088 instruction set with additional 186 instruction set extensions
A programmablénterrupt controller

Two Direct Memory AccessifMA) channels

Three 16bit timers

A wait-state generator and programmable chip select logic

A dedicated watathog timer(WDT)

Two independent asynchronous serial ports (UARTS)

o DMA capability

o Hardware flow control

o 7-, 8, or 9bit data capability

T Pulsewidth demodulatofeature
T Upto 32 programmable 1/O (PI@)ns

« A pseudestatic/dynamic RAM controller

« Afully static CMOS design

« 40-MHz operation at industrial operating conditions
« +5-VDC power supply
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2. Packaging, Pin Descriptions, and Physical Dimensions
Information on the packagesd@pin descriptions for the IA186ES and the IA188ES is provided
separately.Refer to sections, figures, and tables for information on the device of interest.

2.1 Packages and Pinouts

The Innovasic Semiconductor IA186ES and IA188ES microcontroller is avaitethie
following packages:

« 100-Pin Thin Quad Flat Packadd QFP), equivalent to original SQFP package
« 100-Plastic Quad Flat Package (PQFP), equivalent to original PQFP package
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2.1.1 |A186ES TQFP Package

The pinout for the IA18BS TQFPpackagas as shown inigure 1. The correspondinginout is
provided in Table1 and 2
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Figure 1. IA186ES TQFP Package Diagram
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Table 1. 1A186ES TQFP Numeric Pin Listing

Pin Name Pin Name Pin Name
1 | ado 35 | gnd 68 | hold
2 | ad8 36 | x1 69 | srdy/pio6
3 |adl 37 | x2 70 | nmi
4 | ad9 38 | Vee 71 | dt/r_n/pio4
5 | ad2 39 | clkouta 72 | den_n/ds_n/pio5
6 | adlo 40 | clkoutb 73 | mcs0_n/piold
7 | ad3 41 | gnd 74 | mesl_n/piol5
8 | adll 42 | al9/pio9 75 | int4/pio30
9 | ad4 43 | al8/pio8 76 | int3/intal_nlirq
10 | ad12 44 | vee 77 | int2/inta0_n/pwd/pio31
11 | ad5 45 | al7/pio7 78 | intl/select_n
12 | gnd 46 | al6 79 | int0
13 | ad13 47 | alb 80 | ucs_n/oncel_n
14 | ad6 48 | al4d 81 | Ics_n/once0_n
15 | Vee 49 | al3 82 | pcs6_n/a2/pio2
16 | adl4 50 | al2 83 | pcs5_n/al/pio3
17 | ad7 51 | all 84 | vcc
18 | adl5 52 | alo 85 | pcs3_n/rtsl _n/rtrl_n/piol9
19 | s6/lock_n/clkdiv2/pio29 53 | a9 86 | pcs2_n/ctsl_n/enrx1_n/piol8
20 | uzi_n/pio26 54 | a8 87 | gnd
21 | txd1/pio27 55 | a7 88 | pcsl_n/piol7
22 | rxd1/pio28 56 | a6 89 | pcsO_n/piol6
23 | ctsO_n/enrx0_n/pio21 57 | ab 90 | Ve
24 | rxd0/pio23 58 | a4 91 | mcs2_n/pio24
25 | txd0O/pio22 59 | a3 92 | mes3_n/rfsh_n/pio25
26 | rtsO_n/rtrO_n/pio20 60 | a2 93 | gnd
27 | bhe_n/aden_n 61 | Vce 94 | res_n
28 | wr_n 62 | al 95 | tmrinl/pio0
29 | rd_n 63 | a0 96 | tmroutl/piol
30 | ale 64 | gnd 97 | tmroutO/piol0
31 | ardy 65 | whb_n 98 | tmrin0/pioll
32 | s2.n 66 | wib_n 99 | drql/int6/piol3
33 | sl.n 67 | hida 100 | drgO/int5/piol2
34 | sO_n
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Table 2. 1A186ES TQFP Alphabetic Pin Listing

Name Pin Name Pin Name Pin
a0 63 adl4 16 pcs2_n/ctsl_n/enrx1l_n/piol8 | 86
al 62 adi5 18 pcs3_n/rts1l_n/rtrl _n/piol9 85
a2 60 ale 30 pcs5_n/allpio3 83
a3 59 ardy 30 pcs6_n/a2/pio2 82
a4 58 bhe_n/aden_n 27 rd_n 29
a5 57 clkouta 39 res_n 94
a6 56 clkoutb 40 rtsO_n/rtr0_n/pio20 26
a7 55 ctsO_n/enrx0_n/pio21 23 rxd0/pio23 24
a8 54 den_n/ds_n/pio5 72 rxd1/pio28 22
a9 53 drq0/int5/piol2 100 sO_n 34
alo 52 drql/int6/piol3 99 sln 33
all 51 dt/r_n/pio4 71 s2_n 32
al2 50 gnd 12 s6/lock_n/clkdiv2/pio29 19
al3 49 gnd 36 srdy/pio6 69
ald 48 gnd 41 tmrinQ/pioll 98
als 47 gnd 64 tmrinl/pio0 95
al6 46 gnd 87 tmrout0/piol0 97
al7/pio7 45 gnd 93 tmroutl/piol 96
al8/pio8 43 hlda 67 txd0/pio22 25
al9/pio9 42 hold 68 txd1/pio27 21
ado 1 int0 79 ucs_n/oncel n 80
adl 3 intl/select_n 78 uzi_n/pio26 20
ad2 5 int2/inta0_n/pwd/pio31 | 77 Vce 15
ad3 7 int3/intal_nlirq 76 Vee 38
ad4 9 int4/pio30 75 Vee 44
ad5 11 Ics_n/once0_n 81 Vce 61
ad6 14 mcs0_n/piol4 73 Vee 84
ad7 17 mcsl_n/piol5 74 Vee 90
ads 2 mcs2_n/pio24 91 whb_n 65
ad9 4 mcs3_n/rfsh_n/pio25 92 wib_n 66
ad10 6 nmi 70 wr_n 28
adll 8 pcs0_n/piol6 89 x1 36
adl2 10 pcsl_npio 88 X2 37
adl3 13
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2.1.2 |A188ES TQFP Package

The pinout br the IA186ES DQFP package is as shown in Figure 2. The corresponding pinout is
provided in Tables 3 and 4.
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Figure 2. IA188ES TQFP Package Diagram
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Table 3. 1A188ES TQFP Numeric Pin Listing

Pin Name Pin Name Pin Name
1 | ado 35 | gnd 68 | hold
2 | ao8 36 | x1 69 | srdy/pio6
3 |adl 37 | x2 70 | nmi
4 | ao9 38 | Vee 71 | dt/r_n/pio4
5 | ad2 39 | clkouta 72 | den_n/ds_n/pio5
6 | aoll 40 | clkoutb 73 | mcs0_n/piold
7 | ad3 41 | gnd 74 | mesl_n/piol5
8 | aoll 42 | al9/pio9 75 | int4/pio30
9 | ad4 43 | al8/pio8 76 | int3/intal_nlirq
10 | aol2 44 | vee 77 | int2/inta0_n/pwd/pio31
11 | ad5 45 | al7/pio7 78 | intl/select_n
12 | gnd 46 | al6 79 | int0
13 | aol3 47 | alb 80 | ucs_n/oncel_n
14 | ad6 48 | al4d 81 | Ics_n/once0_n
15 | Vee 49 | al3 82 | pcs6_n/a2/pio2
16 | aol4d 50 | al2 83 | pcs5_n/al/pio3
17 | ad7 51 | all 84 | vcc
18 | aol5 52 | alo 85 | pcs3_n/rtsl _n/rtrl_n/piol9
19 | s6/lock_n/clkdiv2/pio29 53 | a9 86 | pcs2_n/ctsl_n/enrx1_n/piol8
20 | uzi_n/pio26 54 | a8 87 | gnd
21 | txd1/pio27 55 | a7 88 | pcsl_n/piol7
22 | rxd1/pio28 56 | a6 89 | pcsO_n/piol6
23 | ctsO_n/enrx0_n/pio21 57 | ab 90 | Ve
24 | rxd0/pio23 58 | a4 91 | mcs2_n/pio24
25 | txd0O/pio22 59 | a3 92 | mes3_n/rfsh_n/pio25
26 | rtsO_n/rtrO_n/pio20 60 | a2 93 | gnd
27 | rfsh2_n/aden_n 61 | Vce 94 | res_n
28 | wr_n 62 | al 95 | tmrinl/pio0
29 | rd_n 63 | a0 96 | tmroutl/piol
30 | ale 64 | gnd 97 | tmroutO/piol0
31 | ardy 65 | gnd 98 | tmrinO/pioll
32 | s2.n 66 | wb_n 99 | drql/int6/piol3
33 | sl.n 67 | hida 100 | drgO/int5/piol2
34 | sO_n
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Table 4. 1A188ES TQFP Alphabetic Pin Listing

Name Pin Name Pin Name Pin
a0 63 aol3 13 pcs2_n/ctsl_n/enrx1l_n/piol8 | 86
al 62 aold 16 pcs3_n/rts1l_n/rtrl _n/piol9 85
a2 60 aols 18 pcs5_n/allpio3 83
a3 59 ardy 30 pcs6_n/a2/pio2 82
a4 58 clkouta 39 rd_n 29
a5 57 clkoutb 40 res_n 94
a6 56 ctsO_n/enrx0_n/pio21 23 rfsh_n/aden_n 27
a7 55 den_n/ds_n/pio5 72 rtsO_n/rtr0_n/pio20 26
a8 54 drqO/int5/piol2 100 rxd0/pio23 24
a9 53 drql/int6/piol3 99 rxd1/pio28 22
alo 52 dt/r_n/pio4 71 sO_n 34
all 51 gnd 12 sl n 33
alz 50 gnd 35 s2_n 32
al3 49 gnd 41 s6/lock_n/clkdiv2/pio29 19
ald 48 gnd 64 srdy/pio6 69
als 47 gnd 65 tmrinQ/pioll 98
al6 46 gnd 87 tmrinl/pio0 95
al7/pio7 45 gnd 93 tmroutO/piol0 97
al8/pio8 43 hlda 67 tmroutl/piol 96
al9/pio9 42 hold 68 txd0/pio22 25
ale 30 int0 79 txd1/pio27 21
ado 1 intl/select_n 78 ucs_n/oncel _n 80
adl 3 int2/inta0_n/pwd/pio31 | 77 uzi_n/pio26 20
ad2 5 int3/intal_nlirq 76 Vce 15
ad3 7 int4/pio30 75 Vee 38
ad4 9 Ics_n/once0_n 81 Vce 44
ad5 11 mcs0_n/piol4 73 Vee 61
ad6 14 mcsl_n/piol5 74 Vee 84
ad7 17 mcs2_n/pio24 91 Vce 90
ao8 2 mcs3_n/rfsh_n/pio25 92 wb_n 66
ao9 4 nmi 70 wr_n 28
aol0 6 pcs0_n/piol6 89 x1 36
aoll 8 pcsl_n/piol7 88 X2 37
aol2 10
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2.1.3 TQFP Physical Dimensions

The physical dimensions for the TQFP are as shown in Figure 3.

A Legend:
{D} Millimeter Inch
{07} Symbol Min Nom Max Min Nom Max
D2} o= A T T 1.20| 7 T 0.047
-"!' Al |0.05 7 0.15/0.002 7T 0.006
| A2 ]0.951.001.05|0.0370.0390.041
‘ — | — b 0.17 0.20 0.27|0.007 0.0080.011
(— | O = C 0.09 i 0.20/0.004 71 0.008
g | g D 16.00 BSC. 0.630 BSC.
— = D1 | 1400BSC. | 0.551BSC.
= | — D2 12.00 0.472
1 — ! = : e 0.50 BSC. 0.02 BSC.
E' E@ PR ———— R Tt =51 : E 16.00 BSC. | 0.630 BSC.
g | g E1l 14.00 BSC. 0.551 BSC.
— | = E2 12.00 0.472
— | — L 0.45 0.60 0.75|0.018 0.024 0.030
= i = L1 1.00 REF 0.039 REF
| R — — R1 [0.08 i T 10.003 i )
/ R2 |0.08 7 0.20/0.003 i 0.008
4xalee]clA-8]D] S (020 i i o008 i i
- e I 2 4x{a bbb |H[A-B] 0] d |0° 35 7°|0° 35 7°
b [4]ads Wic] -8 GIpG)] dy 0° 1 1 |0 i i
,‘7' v~ . d, [11° 12° 13°|11° 12° 13°
| —=See Detail "4
P ds [11° 12° 13°|11° 12° 13°
P §;ant:e”9 Tolerances of Form and Position
‘ aaa 0.20 0.008
E g bbb 0.20 0.008
cce 0.08 0.003
ddd 0.08 0.003
Note:

Control dimensions are in millimeters.

Detail "A"

Figure 3. TQFP Package Dimensions
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2.1.4 |A186ES PQFP Package

The pinout for the IA186ES PQFP package is as shown in Figure 4. The corresponding pinout is
provided in Tables 5 and 6.
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rxd0/pio23 e 80 =1 adl
txd0/pio22 2 79 =3 ad8
rtsO_n/rtr0_n/pio20 3 78 =3 ad0
bhe_n/aden_n 4 77 = drq0/int5/piol2
wr_n 5 76 [ drgl/int6/piol3
rd_n 6 . o 75 = tmrinl/pioll
ale ] 7 Innovasic 74 |3 tmrout0/pio10
ardy 8 Semiconductor 73 =3 tmroutl/piol
s2.n 9 Extended Life Semiconductor Solutions 72 =3 tmrinl/pio25
sl n 10 71 E=ares_n
sO_n 1" 70 =2 gnd
gnd 12 69 = mcs3_n/rfsh_n/pio25
x1 13 IA186ES 68 =1 mcs2_n/pio24
X2 14 67 B Ve
Vee 15 PQFP 66 =3 pcs0_n/piol6
clkouta 16 65 =1 pcsl_n/piol7
clkoutb 17 64 = gnd
gnd 18 63 [ pcs2_n/ctsl_n/enrx1_n/piol8
al9/pio29 19 62 =3 pcs3_n/rtsl_n/rtrl_n/piol9
al8/pio8 20 61 =1 Ve
Vee 21 60 =3 pcs5_n/allpio3
al7/pio7 22 50 == pcs6_n/a2/pio2
alé 23 58 =2 Ics_n/once0_n
al5 24 57 = ucs_n/oncel_n
ald 25 56 =3 int0
al3 26 55 = intl/select_n
al2 o7 54 =3 int2/inta0_n/pwd/pio31
all 28 53 =3 int3/intal_nfirrq
alo 29 52 =3 int4/pio30
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Figure 4. IA186ES PQFP Package Diagram
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Pin Name Pin Name Pin Name
1 | rxdO/pio23 35 | a4 68 | mcs2_n/pio24
2 | txd0/pio22 36 | a3 69 | mcs3_n/rfsh_n/pio25
3 | rtsO_n/rtrO_n/pio20 37 | a2 70 | gnd
4 | bhe_n/aden_n 38 | vee 71 | res_n
5 | wr_n 39 |al 72 | tmrinl/pio25
6 | rd_n 40 | a0 73 | tmroutl/piol
7 | ale 41 | gnd 74 | tmrout0/piol0
8 | ardy 42 | whb_n 75 | tmrinl/pioll
9 [s2n 43 | wib_n 76 | drql/int6/piol3
10 | sl n 44 | hida 77 | drgO/int5/piol2
11 | sO n 45 | hold 78 | ad0
12 | gnd 46 | srdy/pio6 79 | ad8
13 | x1 47 | nmi 80 | adl
14 | x2 48 | dt/r_n/pio4 81 | ad9
15 | Vee 49 | den_n/ds_n/pio5 82 | ad2
16 | clkouta 50 | mcsO_n/piol4d 83 | adlo
17 | clkoutb 51 | mcsl_n/piol5 84 | ad3
18 | gnd 52 | int4/pio30 85 | adll
19 | al9/pio29 53 | int3/intal_nl/irrq 86 | ad4
20 | al8/pio8 54 | int2/inta0_n/pwd/pio31 87 | adl2
21 | Vce 55 | intl/select_n 88 | ad5
22 | al7/pio7 56 | int0 89 | gnd
23 | al6 57 | ucs_n/oncel n 90 | adl13
24 | al5 58 | Ics_n/once0 _n 91 | ad6
25 | al4 59 | pcs6_n/a2/pio2 92 | vee
26 | al3 60 | pcs5_n/allpio3 93 | adl4
27 | al2 61 | vce 94 | ad7
28 | all 62 | pcs3_n/rts1l_n/rtrl_n/piol9 95 | adl5
29 | al0 63 | pcs2_n/ctsl_n/enrx1_n/piol8 96 | s6/lock_n/clkdiv2_n/pio29
30 | a9 64 | gnd 97 | uzi_n/pio26
31 | a8 65 | pcsl n/piol7 98 | txd1/pio27
32 | a7 66 | pcsO_n/piol6 99 | rxd1/pio28
33 | a6 67 | Vce 100 | ctsO_n/enrx0_n/pio21
34 | ab
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Table 6. 1A186ES PQFP Alphabetic Pin Listing

Name Pin Name Pin Name Pin
a0 40 adl4 93 pcs2_n/ctsl_n/enrx1l_n/piol8 | 63
al 39 adl15 95 pcs3_n/rts1l_n/rtrl _n/piol9 62
a2 37 ale 7 pcs5_n/allpio3 60
a3 36 ardy 8 pcs6_n/a2/pio2 59
a4 35 bhe_n/aden_n 4 rd_n 6
a5 34 clkouta 16 res_n 71
a6 33 clkoutb 17 rtsO_n/rtr0_n/pio20 3
a7 32 ctsO_n/enrx0_n/pio21 100 rxd0/pio23 1
a8 31 den_n/ds_n/pio5 49 rxd1/pio28 99
a9 30 drq0/int5/piol2 77 sO_n 11
alo 29 drql/int6/piol3 76 sln 10
all 28 dt/r_n/pio4 48 s2_n 9
al2 27 gnd 12 s6/lock_n/clkdiv2/pio29 96
al3 26 gnd 18 srdy/pio6 46
ald 25 gnd 41 tmrinQ/pioll 75
als 24 gnd 64 tmrinl/pio0 72
al6 23 gnd 70 tmrout0/piol0 74
al7/pio7 22 gnd 89 tmroutl/piol 73
al8/pio8 20 hlda 44 txd0/pio22 2
al9/pio9 19 hold 45 txd1/pio27 98
ado 78 int0 56 ucs_n/oncel n 57
adl 80 intl/select_n 55 uzi_n/pio26 97
ad2 82 int2/inta0_n/pwd/pio31 | 54 Vce 15
ad3 84 int3/intal_nlirq 53 Vce 21
ad4 86 int4/pio30 52 Vee 38
ad5 88 Ics_n/once0_n 58 Vce 61
ad6 91 mcs0_n/piol4 50 Vee 67
ad7 94 mcsl_n/piol5 51 Vee 92
ad8 79 mcs2_n/pio24 68 whb_n 42
ad9 81 mcs3_n/rfsh_n/pio25 69 wib_n 43
ad10 83 nmi 47 wr_n 5
adll 85 pcs0_n/piol6 66 x1 13
adl2 87 pcsl_n/piol7 65 X2 14
adl3 90
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2.1.5 |A188ES PQFP Package

The pinout for the IA188ES PQFP package is as shown in Figure 5. The corresponding pinout is
provided in Tables 7 and 8.
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ale 7 74 =3 tmroutO/piol0
ardy a . ® 73 = tmroutl/piol
s2.n 9 Innovasic 72 = tmrinl/pio0
sLn = 10 Semiconductor Mo resn
sO_n " Extended Life Semiconductor Solutions 70 = gnd
gnd 12 69 = mcs3_n/rfsh_n/pio25
x1 13 |Al88ES 68 =3 mcs2_n/pio24
X2 14 67 3 Vee
Vee 15 PQFP 66 = pcsO_n/piol6
clkouta 16 65 = pcsl_n/piol7
clkoutb 17 ) &4 = gnd
gnd 18 63 = pcs2_n/ctsl_n/enrx1_n/piol8
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al7/pio7 22 59 = pcs6_n/a2/pio2
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al5 24 57 = ucs_n/oncel_n
al4d 25 56 =3 int0
al3 26 55 3 intl/select_n
al2 27 54 3 int2/inta0_n/pwd/pio31
all 28 53 [ int3/intal_nlirq
al0 29 52 =3 int4/pio30
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Figure 5. IA188ES PQFP Package Diagram
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Pin Name Pin Name Pin Name
1 | rxdO/pio23 35 | a4 68 | mcs2_n/pio24
2 | txd0/pio22 36 | a3 69 | mcs3_n/rfsh_n/pio25
3 | rtsO_n/rtrO_n/pio20 37 | a2 70 | gnd
4 | bhe_n/aden_n 38 | vee 71 |res_n
5 |wr_n 39 |al 72 | tmrinl/pio0
6 |rd_n 40 | a0 73 | tmroutl/piol
7 | ale 41 | gnd 74 | tmrout0/piol0
8 | ardy 42 | gnd 75 | tmrin0O/pioll
9 [s2n 43 | wb_n 76 | drql/int6/piol3
10 | sl n 44 | hida 77 | drqO/int5/piol2
11 | sO n 45 | hold 78 | ad0
12 | gnd 46 | srdy/pio6 79 | ao8
13 | x1 47 | nmi 80 | adl
14 | x2 48 | dt/r_n/piod 81 | ao9
15 | Vee 49 | den_n/ds_n/pio5 82 | ad2
16 | clkouta 50 | mcsO_n/piol4d 83 | aol0
17 | clkoutb 51 | mcsl _n/piols 84 | ad3
18 | gnd 52 | int4/pio30 85 | aoll
19 | al9/pio29 53 | int3/intal_nl/irq 86 | ad4
20 | al8/pio8 54 | int2/inta0_n/pwd/pio31 87 | aol2
21 | Vce 55 | intl/select_n 88 | ad5
22 | al7/pio7 56 | int0 89 | gnd
23 | al6 57 | ucs_n/oncel n 90 | aol3
24 | al5 58 | Ics_n/once0_n 91 | ad6
25 | al4 59 | pcs6_n/a2/pio2 92 | vce
26 | al3 60 | pcs5_n/al/pio3 93 | aold
27 | al2 61 | vee 94 | ad7
28 | all 62 | pcs3_n/rtsl_n/rtrl_n/piol9 95 | aolb
29 | al0 63 | pcs2_n/ctsl_n/enrx1l_n/piol8 96 | s6/lock_n/clkdiv2_n/pio29
30 | a9 64 | gnd 97 | uzi_n/pio26
31 | a8 65 | pcsl n/piol7 98 | txdl/pio27
32 | a7 66 | pcsO_n/piol6 99 | rxd1/pio28
33 | a6 67 | Vcc 100 | ctsO_n/enrx0_n/pio21
34 | ab
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Table 8. 1A188ES PQFP Alphabetic Pin Listing

Name Pin Name Pin Name Pin
a0 40 aol3 90 pcs2_n/ctsl_n/enrx1l_n/piol8 | 63
al 39 aol4d 93 pcs3_n/rts1l_n/rtrl _n/piol9 62
a2 37 aols 95 pcs5_n/allpio3 60
a3 36 ardy 8 pcs6_n/a2/pio2 59
a4 35 bhe_n/aden_n 4 rd_n 6
a5 34 clkouta 16 res_n 71
a6 33 clkoutb 17 rtsO_n/rtr0_n/pio20 3
a7 32 ctsO_n/enrx0_n/pio21 100 rxd0/pio23 1
a8 31 den_n/ds_n/pio5 49 rxd1/pio28 99
a9 30 drq0/int5/piol2 77 sO_n 11
alo 29 drql/int6/piol3 76 sln 10
all 28 dt/r_n/pio4 48 s2_n 9
al2 27 gnd 12 s6/lock_n/clkdiv2/pio29 96
al3 26 gnd 18 srdy/pio6 46
ald 25 gnd 41 tmrinQ/pioll 75
als 24 gnd 64 tmrinl/pio0 72
al6 23 gnd 70 tmrout0/piol0 74
al7/pio7 22 gnd 89 tmroutl/piol 73
al8/pio8 20 hlda 44 txd0/pio22 2
al9/pio9 19 hold 45 txd1/pio27 98
ado 78 int0 56 ucs_n/oncel n 57
adl 80 intl/select_n 55 uzi_n/pio26 97
ad2 82 int2/inta0_n/pwd/pio31 | 54 Vce 15
ad3 84 int3/intal_nlirq 53 Vce 21
ad4 86 lint4/pio30 52 Vee 38
ad5 88 Ics_n/once0_n 58 Vce 61
ad6 91 mcs0_n/piol4 50 Vee 67
ad7 94 mcsl_n/piol5 51 Vee 92
ale 7 mcs2_n/pio24 68 whb_n 42
ao8 79 mcs3_n/rfsh_n/pio25 69 wib_n 43
ao9 81 nmi 47 wr_n 5
aol0 83 pcs0_n/piol6 66 x1 13
aoll 85 pcsl_n/piol7 65 X2 14
aol2 87
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2.1.6

PQFP Physical Dimensions

The physical dimensions for the PQFP are as shown in Figure 6.

) Legend:
= Millimeter Inch
Symbol Min Nom Max Min Nom Max
A T T 0.134| i T 3.40
A; [0.010 1 T (025 i )
A, [0.1070.1120.117(2.73 2.85 2.97
B 0.0100.0120.015{0.25 0.30 0.38
B, ]0.0090.0120.013|0.22 0.30 0.33
a % C 0.0050.006 0.009|0.13 0.15 0.23
C,; |0.0040.0060.007|0.11 0.15 0.17
D 0.9060.9130.921(23.0023.2023.40
D, |0.7830.7870.791(19.9020.0020.10
E 0.6690.677 0.685(17.0017.2017.40
E; ]0.5470.5510.555|13.9014.0014.10
@ 0.026 BSC. 0.65 BSC.
L 0.0290.0350.041{0.73 0.88 1.03
L, 0.063 BSC. 1.60 BSC.
R; 0.005 7 T 0.13 i T
R, |0.005 1 0.012/0.13 i 0.30
S 0.008 7 T 1020 7 )
See Detail fiBO —\ ----- Y T T 0.004| 7 T 0.10
] [ v e -.---, \ /7 d‘ Oo i ?o oo i ?o
LA LT {][]U'\_ dio o 1o T T
1T 2 Y_ e R d, 9° 10° 11°| 9° 10° 11°
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2.2 Pin Descriptions

2.2.1 al9/pio9, al8/pio8, al7/pio7, al6i a0d Address Bus (synchronous outputs with
tristate)

These pins ar e t h-ewltplgxed!l/® arinemorsy addresses and dccunaochalf
clkoutacycle before the multiplexed address/data ladd§ adOfor the IA186ES on015 ao8
andad7 adOfor thelA188ES).

The address bus is tristatedrithg a bus hold or reset.

2.2.2 adl5iad8 (IA186ES)d Address/Data Bus (level-sensitive synchronous inouts with
tristate)

These pins ar e t hanulplexed Oodmemesyaddresses arad fdatat Ther e
address functio of these pins may be disablggebhe n/aden_pin descriptiol. If the

address function of these pins is enabled, the address will be present on this bugafuthieg t

bus cycle and data will be present durifdst and § of the same bus cycle

If whb_nis not &tive,these pins are tristated duringt, and § of the bus cycle.
The address/data bus is tristated during a bus hold or reset.

These pins may be used to load the internal Reset Configuration reQE8&CON, offset OFgh
with configuration data duringROR

2.2.3 aolbiao8 (IA188ES)d Address Bus (level-sensitive synchronous outputs with
tristate)

Theaddressus will contain valid high order address bits during the bus cycleg, @, and §) if
the bis is enabled by the AD bit in the Upper and Lower Memory Chip Select reglstd(3S,
offset 0aOhandLMCS, offset 0a2h

These pins are combined wild7 adOto complete the multiplexed addrdsss and are tristated
during a bus hold or reset condition.

2.2.4 ad7iad0d Address/Data Bus (level-sensitive synchronous inouts with tristate)

These pins ar e t hanulsplesedewoidsr byse ofithe addressek fortl/O ane
memory and &it daa. The low order address byte will be present on this bus duohthe
bus cycle and the-Bit data will be present during, t;, and § of the same bus cycle.

The address function of these pins may be disaBlsebhie n/aden_pin descriptioi.
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If wib_nis not active, these pins are tristated duringgtand § of the bus cycleThe
address/data bus is tristated during a bus hold or reset.

2.2.5 aled Address Latch Enable (synchronous output)

This signal indicates theresence of an address on the addressaoll& @dOfor the IA186ES or
aol5 ao8andad7 adOfor thelA188ES), which is guaranteed to be valid on the falling edge of
ale

In ONCE mode, this pin is tristated but not during bus hold or reset.
2.2.6 ardyd Asynchronous Ready (level-sensitive asynchronous input)

This asynchronous signal provides an indication to the microcontroller that the addressed 1/0
device or memory space will complete a data transfer. This active high signal is asynchronous
with respect telkouta. If the falling edge o&rdyis not synchronized tokouta an additional

clock cycle may be addedheardyor srdymust be synchronized tdkoutato guarantee the
number of inserted wait states.

Theardyshould be tied high to maintain a permaressgertion of the ready condition. On the
other hand, if thardysignal is not used by the system, it should be tied low, which passes
control to thesrdysignal.

2.2.7 bhe_n/aden_n (IA186ES only)d Bus High Enable (synchronous output with
tristate)/Address Enable (input with internal pullup)

Thebhe_ribhe _n and addres#t adOor aOinform the system which bytes of the data bus
(upper, lower, or both) are involved in the current memory access bus cycle, as shown in
Table9.

Table 9. Bus Cycle Types for bhe_n and ad0

bhe_n | ad0 | Type of Bus Cycle

0 0 Word Transfer

0 1 High Byte Transfer (Bits [151 8])
1 0 Low Byte Transfer (Bits [77 O])
1 1 Refresh

Thebhe_ndoes not require latching and during bus haid reset is tristated. It@sserted
during § and remains so throughand {,.

The high and lowbyte write enable functions bhe _nandadOare performed bwhb_nand
wlb_n, respectively.
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When using th@d bus, DRAM refresh cycles are indicatedidde_n/aden_andadQ both

beinghigh. During refresh cycles, tllreandad busses may not have the same address during the
address phase of the bus cycle. This would necessitate the useaofOas a determinant for the
refresh cycle, rather than AO.

An additional signal isisal for PseudeStatic RAM(PSRAM) refreshes (semcs3_n/rfsh_mpin
description, aden_n.There is a weak internal pullup bhe_n/aden_neliminating the need for
an external pullup and reducing power consumption.

Holdingaden_rhigh or letting it float during powenn rese(POR) passes control of the
address function of thed bus @d15 adQ during LCS and UCS bus cycles fraden_rto the
Disable Addres¢DA) bit in LMCS and UMCS registers. When the address function istedlec
the memory address is placed onaié& aOpins.

Whenholdingaden_row duringPOR both the address and data are driven ontadhmis
independently of the DA bit setting. This pin is normally sampled on the rising ede® of
and the conditio of s6anduzi_ndefault to their normal functions.

2.2.8 clkoutad Clock Output A (synchronous output)

This pin is the internal clock outpud the system. Biti 8] andBits [2i 0] of the System
Configuration(SYSCON)register control the output of this piwhich may be disabled, output
the PLL frequency, or output the power save frequency (internal processor frequency after
divisor). Theclkoutamay be used as a ftdpeed clock soae in powersave mode. The AC
timing specifications that are clocklatedrefer toclkouta which remains active during reset
and hold conditions.

2.2.9 clkoutbd Clock Output B (synchronous output)

This pin is an additional clock optit to the system with and output delayed with respect to
clkouta. Bits [11i 10] andBits [2i O] of theSYSCONregister control the output of this pin,
which may be disabled, output the PLL frequency, or may output the power save frequency
(internal processor frequency after divisofheclkoutbmay be used as a ftgpeed clok

source in powesave modand remains active during reset and hold conditions.

2.2.10 ctsO_n/enrx0_n/pio216 Clear-to-Send 0/Enable-Receive-Request 0 (both are
asynchronous inputs)

ThectsO_nis the Cleaito-Send signal for asynchron®serial port O, provided thaitB4]

(ENRXO0) inthe AUXCON register is 0, andiB[9] (FC) in the SPOCT register is ThectsO_n
controls the transmission of data from asynchronous serial pvh@n it is asserted, the
transmitter begins transmitting the next frame of d&¥den it is not asserted, thatd to be
transmitted is held in the transmit register. This signal is checked only at the start of data frame
transmission.
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Theenrx0_nis the EnabléReceiverRequest for synchronous serial port O wheit B4]
(ENRXO) in the AUXCON register is 1, agit [9] (FC) in the SPOCT register is 1, and it
enables the asynchronous serial port receiver.

2.2.11 den_n/ds_n/pio5d Data Enable /Data Strobe (both are synchronous outputs with
tristate)

den_nis asserteduring I/O, memory, and interrupt acknowledge processesatehsserted
whendt/r_nundergoes a change of stateis tristated for a bus hold or reset. After reset, this
pin defaults talen_n.

Thedata strobels_nis used under conditions in which a write cycle has the same timing as a
read cycle. It is ugskwith other control signals to interface with-E®yte-type peripherals
without further system interface logic. When iasserted, addresses are validiribg a write,

the data is valid, while during a reathta may be applied to tlael bus.

2.2.12 drq0/int5/pio120 DMA Request 0 (synchronous level-sensitive input)/Maskable
Interrupt Request 5 (asynchronous edge-triggered input)

ThedrqO isanexternal device that is ready for DMAarimel O to carry out a transfer. It
indicates to the microcontroller this tiaess on this pin. It is not latched and must remain
asserted until it is dealt with.

If DMA channel O is not required)t5 may be used as an extra interrupt request sharing the
DMAO interrupt type (0ah) and control bits. It is not latched and musdireasserted until it is
dealt with.

2.2.13 drgl/int6/piol30 DMA Request 1 (synchronous level-sensitive input)/Maskable
Interrupt Request 6 (asynchronous edge-triggered input)

Thedrqglis an external device that is ready for DMA channel 1 to carry onatrester. It
indicates to the microcontroller this readiness on this pin. It is not latched and must remain
asserted until it is dealt with.

If DMA channel 1 is not required)té may be used as an extra interrupt request sharing the
DMAL interrupt type (Obh) andontrol bits. It is not latched and must remain asserted until it is
dealt with.

2.2.14 dt/r_n/pio4d Data Transmit or Receive (synchronous output with tristate)

The microntroller transmits data whdtir_nis pulled high and receives data when this pin is
pulledlow. It floats during a reset or bus hold condition.
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2.2.15 gnddé Ground
Depending orthe packagesix or seven pins connect the microcontroller to the system ground.
2.2.16 hldad Bus Hold Acknowledge (synchronous output)

This pin is pulled high to signal the system tieg microntroller has relinquished control of the
local bus, in response to a high on tiodd signal by an external bus master, after the
microcontroller has completed the current bus cycle. The assertioadd accompanied by

the tristating olen_n rd_n, wr_n, sPs0, ad1badO, s6, al%0, bhe n, whb_n, wib_and

dr/r_n followed by the driving high of the chip seleatss_n/cs_n, mcs3_imcs0_n, pcs6 in

pcs5 _nandpcs3_fipcsO_n The external bus master releases control of the local bus by the
deassertion ohold that in turn induces the microcontroller to deasserhitia The

microcontroller may take control of the bus if necessary (to execute a refresh for example), by
deassertingpldawithout the bus master first deassertivayd. This reqires that the external bus
master must be able to deas$mitl to permit the microcontroller to access the bus.

2.2.17 int00 Maskable Interrupt Request 0 (asynchronous input)

TheintO pin provides an indication that an interrupt request has occurred, and prihatiatD

is not masked, program execution will continue at the location specified By Thesector n

the interrupt vector tableAlthough interrupt requests are asynchronous, they are synchronized
internally and may be edger leveltriggered. To ensure that it is recognizethe assertion of

the interrupt request must bwaintained until it is handled

2.2.18 intl/select_nd Maskable Interrupt Request 1/Slave Select (both are asynchronous
inputs)

Theintl pin provides an indication that an interrupt reqiest occurredProvided thaintl is

not masked, program execution will continue at the location specified by Tievector in the
interrupt vector table. Although interrupt requests are asynchronous, they are synchronized
internally and may be edger leveltriggered. To ensure that it is recognizetie assertion of

the interrupt request must bwaintained until it is handled

The select_rpin provides an indication to the microcontroller that an interrupt type has been
placed on the address/datastwhen the internal Interrupt Control Unit is slaved to an external
interrupt controller.However beforethis occurstheintO pin must have indicated an interrupt
request has occurred.

Innovasice® IA21105090215 http://www.Innovasic.com
Semiconductor UNCONTROLLED WHEN PRNTED OR COPIED Customer Support:

Extended Life Semiconductor Solutions PageSS Of 154 1-888-824-4184



http://www.innovasic.com/

IA186ES/IA188ES Data Sheet
8-Bit/16-Bit Microcontrollers December 24, 2008

2.2.19 int2/inta0_n/pwd/pio318 Maskable Interrupt Request 2 (asynchronous
input)/Interrupt Acknowledge 0 (synchronous output)/Pulse Width Demodulator
(Schmitt trigger input)

Theint2 pin provides an indication that an interrupt request has occupredidedthat intl is
not masked, program execution will continue at the locapatified by the intl vectonithe
interrupt vector tableAlthough interrupt requests are asynchronous, they are synchronized
internally and may be edger leveltriggered. To ensure that it is recognizeatie assertion of
the interrupt request mulsé maintained until it is handled. WhienO is configured to be in
cascade mod@t2 changes its function tota0_n

TheintaO_nfunction indicates to the system that the microcontroller requires an interrupt type in
response to the interrupt requesgdwh en t he mi crocontroll erds | nt
cascade mode.

Thepwd processes a signal via the Schmitt trigger when pulse width demodulation is enabled. It
drivestimrinO andint2 and its inverse signal drivéisnrinl andint4. Provided thaint2 andint4

are enabled antimerOandtimerlare configured correctly, the pulse width of the alternating

signal onpwd may be calculated from the valuegimerOandtimerl

While in pwd modetmrinO/pioll, tmrinl/pio0, andint4/pio31signals are &e for use aBIOs or
may be ignored. The level on this pin is held in the PIO data registerpro8ieposition, just
as if it were a PIO.

2.2.20 int3/intal_nl/irgd Maskable Interrupt Request 3 (asynchronous input)/Interrupt
Acknowledge 1 (synchronous output)/Interrupt Acknowledge (synchronous
output)

Theint3 pin provides an indication that an interrupt request has occupredlided thaint3 is

not masked, program execution will continue at the location specified liyt3hesctor in the
interrupt vector thle. Although interrupt requests are asynchronous, they are synchronized
internally and may be edger leveltriggered. To ensure that it is recognizeatie assertion of
the interrupt request must bwaintained until it is handledwWhenintl is configued to be in
cascade mod@t3 changes its function total n

Theintal_nfunction indicates to the system that the microcontroller requires an interrupt type in
response to the interrupt requediwh en t he mi crocontrollnerds | nt
cascade mode.

With the Interrupt Control Unit of the microcontroller in slave mode, the signtleary pin
allows the microcontroller to output an interrupt request to the external master interrupt
controller.
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2.2.21 int4/pio308 Maskable Interrupt Request 4 (asynchronous input)

Theint4 pin provides an indication that an interrupt request has occutwred provided thaint4
is not masked, program execution will continue at the location specified by4hector in the
interrupt vector table. Althoughterrupt requests are asynchronous, they are synchronized
internally and may bedge or leveltriggered. To ensure that it is recognized, the assertion of
the interrupt request must be maintained until it is handiethe case where PWiDode is
seleted,int4 indicates a Higho-Low transition of the PWD signalConversely, in the event
thatPWD mode is not selectetht4 may be used as a PIO.

2.2.22 Ics_n/once0_nd Lower Memory Chip Select (synchronous output with internal
pullup)/ONCE Mode Request (input)

Thelcs_npin provides an indication that a memory access jgagresgo the lower memory

block. The size of the Lower Memory Block and its base address are programmable, with the
size adjustable up to 512 KbyteBhelcs_nmay be configured for eith@n 8- or 16-bit bus

width for the IA186ES microcontroller by the AuxiliaGonfiguration Register (AUXCON iB

[2]) and is held high during bus hold.

The once0_rpin (ON Circuit Emulation) and its companion pin oncel n define the
microcontroller mode dung reset. These two pins are sampled on the rising edgs ofand if
both are asserted low the microcontroller star@ NCE mode, else it starts normally. In ONCE
mode all pins are tristated and remain so until a subsequent reset. To prevent the
microcontroller from entering ONCE mode inadvertently, fiitshas a weak pullup that is only
present during reset. Finally this pin is not tristated during bus hold.

2.2.23 mcs0_n/piol4d Midrange Memory Chip Select (synchronous output with internal
pullup)

Themcs0_npin provides an indication that a memory access gogresgo the midrange

memory block. The size of the Midrange Memory Block and its base address are programmable.
ThemcsO_nmay be configured for eithan8- or 16-bit bus width for the IA18ES

microcontroller by the AuxiliangConfiguration Register (AUXCONIB[1]) and is held high

during bus hold.Themcs0_nmay be programmed as the chip select for the whole middle chip
select address range. Furthermore, this pin has a weak pullupdhbt jgesent during reset.

2.2.24 mcs2_nimcsl_n (pio24ipio 15)0 Midrange Memory Chip Selects (synchronous
outputs with internal pullup)

Themcs2_nandmcsl_npins provide an indication that a memory access psagresgo the
second or third midrange memonptk. The size of the Midrange Memory Block and its base
address are programmabléhemcs2_nandmcsl_nmay be configured for eith@n8- or 16-bit

bus width for the IA186ES microcontroller by the Auxilid@@gnfiguration Register (AUXCON

Bit [1]) and &e held high during bus hold. Furthermore, these pins have weak pullups that are

Innovasice® IA21105090215 http://www.Innovasic.com
Semiconductor UNCONTROLLED WHEN PRNTED OR COPIED Customer Support:

Extended Life Semiconductor Solutions Page?,? Of 154 1-888-824-4184



http://www.innovasic.com/

IA186ES/IA188ES Data Sheet
8-Bit/16-Bit Microcontrollers December 24, 2008

present only during reset. rticsO_nrhas been programmed as the chip select for the whole
middle chip select address range, these pins may be used as PIOs.

2.2.25 mcs3_n/rfsh_n/pio256 Midrange Memory Chip Select (synchronous outputs with
internal pullup)/Automatic Refresh (synchronous output)

Themcs3_rmpin provides an indication that a memory access jgagresgo the fourth region

of the midrange memory block. The size of thielfdnge Memory Block and its base address

are programmableThemcs3_nmay be configured for eith@n8- or 16-bit bus width for the

IA186ES microcontroller by the Auxiliarg€onfiguration Register (AUXCONIB[1]) and is

held high during bus hold. mhcsO_nhas been programmed as the chip select for the whole

middle chip select address range, this pin may be used as PIO. Furthermore, this pin has a weak
pullup that is only present during reset.

Therfsh_nsignal is timed for auto refresh to PSRAM dRBM devices. The refresh pulse is

only output when the PSRAM or DRAMatde bit is set (EDRAM registerit§15]). This pulse

is of 1.5clock pulse duration with the rest of the refresh cycle made up of a deassertion period
such that the overall refresh &nis met. Finally this pin is not tristated during a bus hold.

2.2.26 nmid Nonmaskable Interrupt (synchronous edge-sensitive input)
This is the highest priority interrupt signal and cannot be masked, umtikéntO.

Program execution is transferred to the nosiaale interrupt vector in the interrupt vector table,
upon the assertion of this interrupt (transition friom to high), and this interrupt is initiated at
the next instruction boundary. For recognition to be assurednthgin must be held high fott a
least aclkoutaperiod.

Thenmiis not involved in the priority resolution process, which deals with the maskable
interrupts and does not have an associated interrupt flag. This allows fomannesguest to
interrupt ammi service routine that iglready underway. The interrupt flag IF is cleared,
disabling the maskable interrupts, when an interrupt is taken by the processor. If, dunimg the
service routine, the maskable interrupts arenabled, by use of STI instruction for example, the
priority resolution of maskable interrupts will be unaffected by the servicing ointiheFor this
reasonit is strongly recommended that thimi interrupt service routine does not enable the
maskable interrupts.

2.2.27 pcsl_nipcsO_n (piol7ipiol6)d Peripheral Chip Selects 1i 0 (synchronous
outputs)

Thesepins provide an indication that a memory access is under way for the second and first
regions respectivelyof the peripheral memory block (/O or memory address space). The base
address of thperipheraimemory lbock is programmableThepcs3_iipcsO_nare held high
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during both bus hold and reset. These outputs are asserted vathaithgress bus over a
256 byte range each.

2.2.28 pcs2_n/ctsl_n/enrx1l_n/piol838 Peripheral Chip Select 2 (synchronous
output)/Clear-to-Send 1 (asynchronous input)/Enable-Receiver-Request 1
(asynchronous input)

The pcs2_nsignal provides an indication that a memory access is under way for the third region
of the peripheral memory block (I/O or memory address space). The base address of the
peripheralmemory block is programmabldhepcs2_nis held high during both bus hold and
reset. This output is asserted with #tkaddress bus over a 2b§te range.

Thects1_nis the Cleaito-Send signal for asynchronous serial port 1 wherEN&X1 bit

(Bit [6]) in the auxiliary control register (AUXCON) is 0 and hardware flow contrehabled

for this port(FC bit [Bit (9)] in theserial port 1 control register [SP1QT]This signal controls
the transmission of data from the serial port transmittexgls When this signal is asserted, the
transmitter begins sending out a frame of data if any is in the transmieregisereas if the
signal is dassertedthe data will be held in the transmit register. The signal is checked at the
beginning of edt frame of transmit data.

Theenrxl nis the EnabléReceiverRequest for asynchronous serial port 1 wheretir&lbit
(Bit [6]) in the auxiliary control register (AUXCON) is 1 and hardware flow contrehabled
for this port(FC bit [Bit (9)] in theseilal port 1 control register [SP1CT] This signal enables
the receiver of asynchronous serial port 1.

2.2.29 pcs3 n/rtsl _n/rtrl _n/piol88 Peripheral Chip Select 3 (synchronous
output)/Ready-to-Send 1 (asynchronous output)/Ready-to-Receive 1
(asynchronous input)

The pcs3_rsignal provides an indication that a memory access is under way for the fourth region
of the peripheral memory block (I/O or memory address space). The base address of the
Peripheral memory block is programmablkhe pcs3_nis held high during @th bus hold and

reset. This output is asserted with #ukaddress bus over a 25§te range.

Thertsl-nis the Readyo-Send signal for asynchronous serial port 1 wherRh81bit (Bit [5])
in the auxiliary control register (AUXCON) is 1 and hardwdogvfcontrol isenabled for this
port (FC bit [Bit (9)] in theserial port 1 control register [SP1QT]This signal is asserted when
the serial port transmit register contains untransmitted data.

Thertrl-nis the Readyo-Receive signal for asynchronoserial port 1 when thes1 bit

(Bit [5]) in the auxiliary control register (AUXCON) is 0 and hardware flow contrehabled

for this port(FC bit [Bit (9)] in theserial port 1 control register [SP1QT][This signal is asserted
when the serial port ceive register does not contain valid, unread data.
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2.2.30 pcs5 _n/Al/pio30 Peripheral Chip Select 5 (synchronous output)/Latched Address
Bit [1] (synchronous output)

Thepcs5_rmsignal provides an indication that a memory access is under way for the sixth region
of the peripheral memory block (I/O or memory address space). The base address of the
peripheraimemory block is programmabl&.hepcs5_nis held high during both bus hold and

reset. This output is asserted with #tkaddress bus over a 2b§te range.

The Al pin providesand internally latched addresg Bl] to the system when the EX bit
(Bit [7]) in themcs_n and pcs_auxiliary (MPCS) register is Olt retains its previously latched
value during a bus hold.

2.2.31 pcs6_n/A2/pio20 Peripheral Chip Select 6 (synchronous output)/Latched Address
Bit [2] (synchronous output)

The pcs6_nsignal provides an indicatiothat a memory access is unalay for the seventh

region of the peripheral memory block (I/O or memory address space). The base address of the
peripheal memory block is programmabldhepcs6_nis held high during both bus hold and

reset. This output is asserted with #tkaddress bus over a 2b§te range.

The A2 pin providesan internally latched addres# B?] to the system when the EX biti{B7])
in the MPCS register is Qt retains its previously latched value during a bus hold.

2.2.32 pio31li pio0d Programmable I/0O Pins (asynchronous input/output open-drain)
There are82 individuallyP10 pins provided.
2.2.33 rd_nd Read strobe (synchronous output with tristate)

This pin provides an indication to the system that enorg or 1/O read cycle is undeay. It
will not to be asserted before thd bus is floated during the address to data transifidrerd_n
is tristated during bus hold.

2.2.34 res_nd Reset (asynchronous level-sensitive input)

This pin forces a reset on the microcontroller. It has a Schmitt trigger toR@&generation
via an RC network. When this signal is asserted, the microcontroller immediately terminates its
present activity, clears its intetdagic, and transfers CPU control to the reset address, FFFFOh.

Theres_nmust be asserted for at leagh$ and may be asserted asynchronoustjktmutaas it
is synchrorezed internally. Furthermorecamust be within specification and clkouta mhbet
stable for more than four of its clock periods for the periodrdgtnis assertedThe
microcontroller starts to fetch instructions 6lkoutaclock periods after the deassertion of
res_n
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2.2.35 rfsh2_n/aden_n (IA188ES only)d Refresh 2 (synchronous output with
tristate)/Address Enable (input with internal pullup)

Therfsh2_nindicates that a DRAM refresh cycle is being performed when it is asserted low.
However, this is not valid in PSRAM mode whenes3_n/rfsh_ms used instead.

If aden_ns held high dring POR thead bus @015 ao8 ancad7 adQ is controlled during the
address portion of the LCS abiCS bus cycles by the DA bit f§7]) in the LMCS and UMCS
registers. If the DA bitis 1, the address is accessed ailthaOpins reducing power
consumption. The weak pullup on this pin obviates the necessity of an external pullup.

If this pin is held low durind?OR thead bus is used for both addresses and data without regard
for the setting of the DA bitsTherfsh2_n/aden_is sampled one crystalock cycle after the
rising edge ofes_nand is tristated during bus holds and ONCE mode.

2.2.36 rtsO_n/rtrO_n/pio208 Ready-to-Send 0 (asynchronous output)/Ready-to-Receive 0
(asynchronous input)

ThertsO-n is the Readyo-Send signal for asynchronous serialp0 when thdRTSO0bit (Bit [3])
in the auxiliary control register (AUXCON) is 1 and hardware flow contreh&bled for this
port (FC bit [Bit (9)] in theserial port 1 control register [SP1QT]This signal is asserted when
the serial port transmit géster contains untransmitted data.

ThertrO-n is the Readyo-Receive signal for asynchronous serial port 0 whemtgdbit

(Bit [3]) in the auxiliary control register (AUXCON) is 0 and hardware flow contrehabled

for this port(FC bit [Bit (9)] in theserial port 1 control register [SP1QT][This signal is asserted
when the serial port receive register does not contain valid unread data.

2.2.37 rxd0_n/pio236 Receive Data 0 (asynchronous input)

This signal connects asynchronous serial receive datatfi®msystem to the asyncmous Serial
PortO.

2.2.38 rxdl_n/pio286 Receive Data 1 (asynchronous input)

This signal connects asynchronous serial receive data from the sggterasynchronous Serial
Port1.

2.2.39 s2_nis0_nd Bus Cycle Status (synchronous outputs with tristate)

These three signals inform the system of the type of bus cycle is in proghes2 _nmay be
used to indicate whether the current access is to memory or I/@1anchay be used to
indicate whether data is being transmitted or received. el$ignals are tristated during bus
hold and hold acknowledgeThe coding for these pins jgesentedn Table10.
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Table 10. Bus Cycle Types for s2_n, s1_n, and sO_n

]
N
=}

Bus Cycle
Interrupt acknowledge
Read data from 1/0
Write data to I/O
Halt
Instruction fetch
Read data from memory
Write data to memory
None (passive)

(%]
Flr|lo|o|r| koo
S

[%)]
Plo|k|o|r|olr|o|®
>

HHHI—‘OOOO|

2.2.40 s6/lock_n/clkdiv2_n/pio298 Bus Cycle Status Bit [6] (synchronous output)/Bus
Lock (synchronous output)/Clock Divide by 2 (input with internal pullup)

The s6signal is high during the sed and remaining cycle periodse(, toi ts), indicating that a
DMA -initiated bus cycle is under way.hes6is tristated during bus hold or reset.

Thelock _nsignd is held low to indicate to other system bus masters that the system bus is being
used and that no attempt should be made to try to gain control of it. This signal is only available
during t and is intended for emulator use.

The microcontroller enterdack divide-by-2 mode, ifclkdiv2_nis held low during poweon-
reset. In this mode, the PLL is disabled and the processor retleevexternal clock divided
by 2. Sampling of this pin occurs on the rising edgeesf n

Should this pin be used p®29configured as an input, care should be taken that it is not driven
low during poweton-reset. This pin has an internal pullup so it is not necessary to drive the pin
high even though it defaults to an input PIO.

2.2.41 srdy/pio66 Synchronous Ready (synchronous level-sensitive input)

This signal is an active high input synchronizedlimutaand indicates to the microcontroller
that a data transfer will be completed by the addressed memory space or I/O device.

In contrast to thasynchronous readqgrdy), whichrequires internal synchronization, srdy
permits easier system timing as it already synchronized. Byihdigh will always assert this
ready condition, whereas tying it low will give controlaaly.

2.2.42 tmrin0/pio11d Timer Input O (synchronous edge-sensitive input)

This signal may be either a clock or control signal for the internal timer 0. The timer is
incremented by the microcontroller after it synchronizes a rising edgaiof. When not used,
tmrin0O must be tied high, or when usedpasl1it is pulled up internally.
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When Pulse Width Demodulation mode is enaltedinOis driven internally by
int2/inta0_n/pwdallowing for the pin to be configured po11

2.2.43 tmrinl/pio0d Timer Input 1 (synchronous edge-sensitive input)

This signal may be either aock or control signal for the internal timer 1. The timer is
incremented by the microcontroller after it synchronizes a rising edgaiofl. When not used,
tmrinl must be tied highWhen used agio0, it is pulled up internally. Whepulse width
demalulationmode is enabledmrinlis driven internally bynt2/inta0_n/pwdallowing for the
pin to be configured gsio0.

2.2.44 tmrout0/piol106 Timer Output O (synchronous output)

This signal provides the system with a single pulse or a continuous waveform with a
programmable duty cycle. ltis tristated during a bus hold or reset.

2.2.45 tmroutl/piold Timer Output 1 (synchronous output)

This signal provides the system with a single pulse or a continuous waveform with a
programmable duty cycle. It is tristated duringua bold or reset.

2.2.46 txdO0/pio228 Transmit Data O (asynchronous output)

This pin provides the system with asynchronous serial transmit data from serial port O.
2.2.47 txd1/pio278 Transmit Data 1 (asynchronous output)

This pin provides the system with asynchronous keaasmit data from serial port 1.

2.2.48 ucs_n/oncel _nd Upper Memory Chip Select (synchronous output)/ONCE Mode
Request 1 (input with internal pullup)

Theucs_npin provides an indication that a memory access [sogresgo the upper memory
block. The sizefotheupper memory blocknd its base address are programmable, with the size
adjustable up to 512 Kbyte3heucs_nis held high during bus hold.

After resef ucs_nis active for the 64Kbyte memory range from FOO00h to FFFFFh, which
includes the reseddress at FFFFOh.

Theoncel_min (ON Circuit Emulation) and its companion pjonce0_ndefine the
microcontroller mode during reset. These two pins are sampled on the rising eslgenahd if
both are asserted low, the microcontroller star@NCE mode, dherwise it starts normally. In
ONCE mode, all pins are tristated and remain so until a subsequent reset. To prevent the
microcontroller from entering ONCE mode inadvertently, gishas a weak pullup that is only
present during reseflhis pinis not tristated during bus hold.
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2.2.49 wuzi_n/pio260 Upper Zero Indicate (synchronous output)

This pin allows the designer to determine if an access to the interrupt vector tablegaspr
by ORing it withBits [15i 10] of the address and data badl15 ad10on the Al186 an@&ol5i
aol0on thelA188YS). Theuzi_nis the logical AND of the inverted19 al6bits. It asserts in
the first period of a bus cycle and is held throughout the cycle.

2.2.50 v0 Power Supply (input)
These pins supply power (+5V) to the microizoher.
2.2.51 whb_n (IA186ES only)d Write High Byte (synchronous output with tristate)

This pin andvlb_n provide an indication to the system of which bytes of the data bus (upper,
lower, or both) are taking part in a write cyclBhewhb_nis asserted withd15i ad8and is the
logical OR ofbhe_nandwr_n. It is tristated during reset.

2.2.52 wlb_n/wb_nd Write Low Byte (IA186ES only) (synchronous output with
tristate)/Write Byte (IA188ES only) (synchronous output with tristate)

Thewlb_nandwhb_nprovide an indicatiomo the system of which bytes of the data fugper,
lower, or both) are taking part in a write cyclBhewlb_nis asserted withd7 adOand is the
logical OR ofadOandwr_n. It is tristated during reset.

On the IA188ES microcontrollewb_nprovidesan indication that a write to the bus is
occurring. It shares the same early timing as that of themdgtiplexed addressus, and is
associated with adado0. It is tristated during reset.

2.2.53 wr_nd Write Strobe (synchronous output)

This pin provides an indation to the system that the data currently on the bus is to be written to
a memory or I/O device. It is tristated during a bus hold or reset.

2.2.54 x10 Crystal Input

This pin andk2 are the connections for a fundamental mode or-thwettone, paralletesonan
crystal used by the internal oscillator circuit. An external clock source for the microcontroller is
connected tax1 while thex2 pin is left unconnected.

2.2.55 x20 Crystal Input

This pin andk1 are the connections for a fundamental mode or-ihwettone, paallel-resonant
crystal used by the internal oscillator circuit. An external clock source for the microcontroller is
connected tax1 while thex2 pin is left unconnected.
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2.3 Pins Used by Emulators

The following pins are used by emulators:

« al9a0

« aol5ao8
« adriadO
. ale

« bhe_n

« aden_n (on theA186ES
. clkouta

. rfsh2_n/aden_fon the IAL88ES)

« rdn

« s2 1n1sO n

« s6/lock _n/clkdiv2_n
e uzin

Emulators require that6/lock_n/clkdiv2_randuzi_nbe configired as their normal functions
(i.e,, ass6anduzi_n respectively. Holdingbhe n/aden_(A186ES) orrfsh_n/aden_n

(IA188ES low during the rising edge oés_n, sanduzi_nwill be configuredat resetn their
normal functions instead of as PIOs

3. Maximum Ratings, Thermal Characteristics, and DC Parameters

For the Innovaic Semiconductor IA186ES and IA188ES microcontrollers, the absolute
maximum ratings, thermal characteristics, and DC parameters are provitkaes 11

through13, respectively.

Table 11. 1A186ES and IA188ES Absolute Maximum Ratings

Parameter Rating
Storage Temperature T65AC t°6 +]
Voltage on any Pin with Respecttovss [T 0. 5 V v d+d.5)¥

Table 12. 1A186ES and IA188ES Thermal Characteristics

Symbol Characteristic

Value

Ta Ambient Temperature -40°C to 85°C
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Table 13. DC Characteristics Over Commercial Operating Ranges

Preliminary
Symbol Parameter Description Test Conditions Min Max Unit
Vi Input Low Voltage (Except x1) T 10.5 0.8 \%
Vit Clock Input Low Voltage (x1) T 10.5 0.8 \%
ViH Input High Voltage (Except res_n T 2.0 Ve +0.5 \%
and x1)
ViH1 Input High Voltage (res_n) ) 24 Ve +0.5 V
ViH2 Clock Input High Voltage (x1) ) Vel 0.8 | v+0.5 \%
VoL Output Low Voltages lor = 2.5 mA (s2_ni s0_n) ) 0.45 \%
loL = 2.0 mA (other) ) 0.45 \YJ
Vou Output High Voltages2 loh=124mMA@ 24V 2.4 Vee 0.5 \
lon =7200 pA @ Ve 10.5| Vec10.5 Vee v
lec Power Supply Current @ 0°C Vee=5.5 VP T 5.9 mA/
MHz
I Input Leakage Current @ 0.5 0.45 V < V\ € Vg T +10 LA
MHz
lo Output Leakage Current @ 0.5 0.45 V < Vour € Ve © T +10 pA
MHz
Velo Clock Output Low lcLo = 4.0 mA i 0.45 \Y;
Vcho Clock Output High lcho =1 500 pA Ve 10.5 T \Y

aThe Ics_n/once0_n, mcs3_ni mesO_n, ucs_n/oncel n, and rd_n pins have weak internal pullup resistors. Loading
the lcs_n/once0_n and ucs_n/oncel_n pins in excess of loy =T 200 pA during reset can cause the device to go into
ONCE mode.

bCurrent is measured with the device in reset with the x1 and x2 driven and all other non-power pins open but held

high or low.
CTesting is performed with the pins floating, either during hold or by invoking the ONCE mode.
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4. Device Architecture

A functional block diagram of the IA186ES/IA188ES is showfigure7. Thismicrocontroller
consists oftie following functional blocks.

« Bus Interface and Contr@BIC)

« Chip Slects and ContrdICSC)

« Programmable 1/0

« Clock and Power Management

« DMA
« Interrupt Controller
« Timers

« Asynchronous Serial Ports (2).
4.1 Bus Interface and Control

TheBIC manages all accesses to external memory and external peripfidérede peripherals
may ke mapped either in memory space or I/O spdde BIC supports both multiplexed and
norrmultiplexed bus operationdMultiplexed address arthta are provided on the AD [il®)

bus, while a nomultiplexed adress is provided on the A [1@ bus. The A bis provides
address information for the entire bus cycfét{}, while the AD bus provides address
information only during the first {f phase of the bus cycléor details regarding bus cycles, see
Chapter6, AC Spedfications

The BIC provide the capability to dynamically alter the size of the dataByuprogramming

the auxiliary control register (AUXCON), a user may easily support external peripherals and
memory devices of both-&nd 16bit widths without speailized micrecode managing the data
accesses. The AUXCON register contains 3 programmable bits for this plrEeMSIZ,
andIOSIZ. For details regarding the operation of these bitsSse@ion 5.1, Control @h
Registers The IA186ESmicrocontroller provides two signatg support this functionalityyrite
high byte whb_n) and write low bytewlb_n). The IA188ES microcontroller requires only a
single write byteWb_n) signal to support its-Bit data bus.

The BIC also provides support for PSRAM devicPSRAM is supported in the lower chip
select [cs_n area only.In order to support PSRAMhe CSC must be appropriately
programmed.For details regarding this operatj@@eSection 4.7Chips Selects
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Instruction Decode
and Execution

Figure 7. Functional Block Diagram

Note: See pin descriptions for pins that share other functions with P10 pins.
Pinspwd, int5, int6, rtsl_n/rtrl_n, and ctsl _n/enrx1_n are multiplexed with
int2_n/inta0_n, drq0, drq0, pcs3_n, and pcsaespectively.
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4.2 Clock and Power Management

A phaselock-loop (PLL) and a second programmable system clock outfkatutb) are included
in the clock and power management unit. The internal clock is the samerfogcps the crydta
but with a duty cycle of 45% t85%, as a worstase, generated by the PLL obviating the need
for a 2X external clock. A POR resets the PLL (see Figure 8).

G * x1 Recommended
I — T range of values for
IA186ES/ C,and C,are:
IA188ES
— C. = 15 pF +20%
“—{Cz I ¢ X2 C, = 22 pF +20%
Crystal

Figure 8. Crystal Configuration
4.3 System Clocks

If required the internal oscillator may be driven by an external clock source that should be
connected tal, leavingx2 unconnected.

The clock outputsclkoutaandclkoutb, may be enabled or disabled individualBMSCON
registerBits [111 8]). These clockantrol bits allow one clock output to run at PLL frequency
and the other to run at the powsave frequencgsee Figure 9)

\ 4

Processor Internal Clock

Power-Save
x1,x2 —— PLL e Divisor

(/2 to /128) Mux \
clkouta

¢ _/

Drive enable
Mux T|m+e Delay
6 £2.5nS clkoutb
Drive enable
Figure 9. Organization of Clock
Innovasice® IA21105090215 http://www.Innovasic.com

Semiconductor UNCONTROLLED WHEN PRNTED OR COPIED Customer SUppOI’tZ
Extended Life Semiconductor Solutions Page49 Of 154 1-888-824-4184


http://www.innovasic.com/

IA186ES/IA188ES Data Sheet
8-Bit/16-Bit Microcontrollers December 24, 2008

4.4 Power-Save Mode

The operation of the CPU and peripheral operate aveesliclock frequency when in power save

mode reducing power consumption and thermal dissipation. Should an interrupt occur, the

mi crocontroller returns to its normal operat.
next rising edge inst Any dock-dependat devices should be reprogrammed for thengea

frequency during the powesave mode period.

45 Initialization and Reset

Theres_n(Reset), the highest priority interrupt, must be held low fmSlduring powewup to
initialize the microcontriber correctly. This operation makes the device cease all instruction
execution and local bus activity. The microcontoller begins instruction execution at physical
address FFFFOh wheas_nbecomes inactive and after an internal processing interval with
ucs_nis asserted and three wait states. Reset also sets up certain registers to predetermined
values and resets tNeDT.

4.6 Reset Configuration Register

The data on the address/data ladl§ adOfor the|A 186ES an@&o15 ao8andad# adOfor the
IA188ES) aravritten into the Reset Configuratidtegisteiwhen reset isow. This data is
systemdependat and is held in the Reset ConfiguratRegisterafterresetis deasserted. This
configuration data may be placed on the address/data bus by using wead extiéup and

pull-down resistors or applied to the bus by an external driver, as the processor does not drive the
bus during reset. It is a method of supplying the software wittesnitial data after a reset
(e.g.,option jumper positions

4.7 Chip Selects

Chip-select generation is programmable for memories and peripherals. Programming is also
available to produce ready and wstite generation plus latched addressadisnda2 For all
memory and I/O cycles, the chiglect lines are active withiheir programmed areas,

regardless of whether they are generated by the internal DMA unit or the CPU.

There are six chigelect outputs for memognd a further six for peripherals whether in memory
or I/0O space. The memory chiglects are able to addréseee memory ranges, whereas the
peripheral chigselects are used to address-By&e blocks that are offset from a programmable
base address. Writing to a cteplect register enables the related logic even in the event that the
pin in question has anler function (e.g., wheremn is programmed to be a PLO

4.8 Chip-Select Timing

For normal timing, theics_nandlcs_noutputs are asserted with the ronltiplexed address
bus.
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4.9 Ready- and Wait-State Programming

Each of the memory or peripheral clgplectlines can have a ready signal programmed that can
be theardyor srdysignal. The chigselect control registers (UMCS, LMCS, MMCS, PACS, and
MPCS) have a single bit that selects if the external ready signal is to be usedR#, Bitt [2]).

R1 andRO (Bits [1i Q]) in these registers control the number of gtates that are inserted

during each access to a memory or peripheral location (from 0 to 3). The control registers for
pcs3_fipcsO_nusethree bitsR3, R1 RO (Bit [3] and Bits [Li O]) to provide 57, 9, and 15 wait
states in additio to the original values ofi@ wait states.

When an external ready has been selected as required, internally programmstdtesivill
always be completed before the external ready can finish or extend a busCoytéeder a
sydem in which the number of wastates to benserted has been set to thredne External
ready pin is sampled by the processor during the first wait cifclee ready is asserted, the
access is completed after seven cycles (4 cycles3phsstcycles) If the ready is not asserted
during the first wait cycle the access is prolonged untilyéadsserted and two more wstiates
are inserted followed by t Theardysignal is an asynchronous ready with a pin that is active
high and acepts a rising edge asynchronouslkmuta However, an additional clock period
may be necessary if the falling edgeaadlyis not synchronized tokouta

4.10 Chip-Select Overlap

Overlapping chipselects are those configuais in which more than one ptgelect is asserted
for the same physical addred§.PCS is configured in I/O space with LCS or any other chip
select configured for memory, address 00000h is not overlapping the chip selects.

It is not recommended that multiple cksplect signals besaerted for the same physical address,
although it may beinavoidablen certain systems. If this is the case, all overlapphig select
must have the same external ready configuration and the same number of wait states to be
inserted into access cysle

Internal signals are employed to accessp#rgpheral control block (PCB). Thesignals serve
as chip selectdat are configured with no wastates and no external readynly when these
chip selects are configured in the same manner caPGBele programmed with addresses that
overlap externathip seled.

Care should be exercised in the use ofdRAebit in the LMCS or UMCS registers when
overlapping an additionahip selecwith either thdcs_nor ucs_nchip selec. Setting the DA

bit to Alo prevents the address from being driven onto the AD bus for all accesses for which the
respectivechip selects active, including those for which the multiple selects are active.

Themcs_nandpcs_npins are duapurpose pins, either afip select orP1O inputs or outputs.
However, their respective reatnd waitstate configurations for their chgelect function will
be in effectregardless of the functidor whichtheyare actually programmedrheir ready and
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wait-state settings must agree witiose for any overlapping chip selects as though they had
been configured as chip selectBhis is trueegardless of whethéinese pins are configured as
P10 and enabled (by writing to the MMCS and MPCS registers fantse nchip select and to
the PACS and MPCS registers for thes_nchip select).

Even thougtpcs4_nis not available as an external pirhas readyand waitstate logic and
must therefore follow the rules for overlappiciygp seled. By contrast, thegcs6_nandpcs5 _n
have readyrd waitstate bgic that is disabled when thaye configured as address @&
andal, respectively.

If the chip-selectconfiguration rules are not followethe processor may hang with the
appearane of waiting for a ready sign@aleven in a systerwhereready ardyor srdy) is always
set tofil.0

4.11 Upper-Memory Chip Select

Theucs_nchip selects for the top of memory. On reséte micr@ontroller begins fetching
and executing instructions at memory location FFFFOh, so upper memory is usedlfigr
instruction. To this enducs_nis active on reset and has a memory range ¢ftdes (FOO00h
to FFFFFh) as defaulalong with external ready required and thnest stats automatically
inserted. The lower boundarywés_nis programmable to provide rges of 640 512Kbytes.

4,12 Low-Memory Chip Select

Thelcs_nchip selects for lower memory and may be configured feio8 16-bit accesses by the
AUXCON register. Becausehe interrupt vector table is at the bottom of menimginning at
00000h, this pind usuallyusal for control data memory. Unlikecs _n this pin is inactive on
reset.

4.13 Midrange-Memory Chip Selects

There are four midrangghip select, mcs3_fimcs0_n which may be used in a udecated
memory block.With some exceptions, thmse addresof the memory block may be located
anywhere in the-Mbyte memory address spacéhe memory spaces used by tles_nand
Ics_nchip seled are excluded, as goes6_n, pcs5_randpcs3_fipcs0_n If the pcs_nchip
selecs are mapped to I/O spatlee MCS address range can overlap the PCS address range.

ThemcsO0_nchip select may be programmed to be active over the entire MCS leangag the
mcs3_fimcsl_nfree for use as PIO pins.

TheMCS may be configured for-®r 16-bit acesses by the AUXCON red¢es. The width of
the noAUCS/nonrLCS memory ranges determines MES range bus width. The assertion of
the MCS outputs occurs with the same timing as the multiplexed AD address bus.
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4.14 Peripheral Chip Selects

There are six peripherahip select,pcs6_npcs5 nandpcs3_fipcsO_nwhich may be used
within a userdefined memory or I/O blockExcept for the spaces associated withute n
Ics_n andmcs_nchip selects, thbase address can be locatedvamgre within the dMbyte
memoryaddress spaca programmed to the 6Kbyte 1/O space.Thepcs4_nis not available.

None of thepcs_npins are active at reseThepcs6_fipcs5 _nand pcs3_hpcsO_nmay be
programmed to have 0 tova&it stats. Thepcs3_fipcsO_nmay bealsoprogrammed to have
5,7, 9, andl5wait state.

ThePCS may be configured for 8r 16bit accesses by the AUXCON register. The PCS range
bus width is determineglitherby that ofthe noARUCS/norLCS memory range or by the width

of the I/O space. The assertion of the PCS outputs oattlrshe same timing as the

multiplexed AD address bus. Each of the PCS operates overlayb8ddress range.

415 Refresh Control

The Refresh Control Unit (RClutomaticallygenerates refresh bus cycles with a fixed wait
state value of three for the PSRAdtomatic refresh noe. The RCU generates a memoegd
request after a programmable period of time to the bus interface unit.

The ENA bit in the Enable RCU register (EDRAM) enables refresh cycles, operating off the
processor internal clock. If the pessor is in powesave mode, the RCU must be reconfigured
for the new clock rate.

If the hldapin is asserted when a refresh requestitiated (indicating a bukold condition), the
processor disables tikdapin to allow a refresh cycle to be perfomneThe external circuit bus
master must deassert theld signal for at least one clock period to permit the execution of the
refresh cycle.

4.16 Interrupt Control

Interrupt requests originate from a variety of internal and external sources that are drranged
priority orderby the internal interrupt controller aagdepresentegequentiallyto the processor.

Eight externainterrupt sources are connected to the processor. These include seven maskable
and one nonmaskahieterrupt(NMI). Eight internalinterrupt sources are also connected to the
processor. These include those not brought out to external thirse timers, two DMA

channels, two asynchronous serial ports, andiBd NMI. Interruptsint6é andint5

(multiplexed withdrglanddrqQ) are availake if the respective DMA is not enabled or is

internally synchronized.
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With the exception ointO, theseven external masi@ interrupt request pins are
multifunctioral. Ore functionis for directinterrupt requestsTheint6 andint5 are edge
triggered Theint4i int0 may beeitherlevel or edgetriggered.

When configured in cascade mod#] andintO interface with an extern&2C59Atype
interrupt controller. WhemtO is configured for cascade mode, the functiomt is
automatically switchedbtitsintaO_nrole. Similarly whenintl is configured for cascade mqde
int3is switched to itsntal_nrole. An external 82C59Acompatible interrupt controller may be
used as the system mastempoggramming the internal interrupt controllersiave node,but
int6i int4 cannot be used.

Althoughother interrupts are disabledhen another is accepted, thesay be reenabled by
setting the Interrupt Enable Flaldr) in theProcessor Status Flags registaring the Interrupt
Service Routine (ISR). SetgnF permits interrupts of equal or greater priority to interrupt the
currently running ISR.

Further interrupts from the same source will be blocked until the corresponding bit in the In
Service (INSERVYegisters cleared.When set to 1, th8pecial klly Nested mod¢SFNM) is
invoked forint0 andintl in the INTO and INT1 Control registengspectively. In this moda
new interrupt may be generated by these sources regardless esémeice bit. The following
table shows the priorities of thetérrupts aPOR

4.17 Interrupt Types

Table 14 presents interrupt names, types, vector table adanelsst-Interrupt(EOI) type,
overall priority, and related instructions.

Table 14. Interrupt Types

Vector
Interrupt Table EOI Overall Related
Interrupt Name Type Address Type Priority Instructions
Divide Error Exception2 00h 00h NA 1 DIV, IDIV
Trace InterruptP 01h 04h NA 1A All
Non-maskable Interrupt (NMI) 02h 08h NA 1B T
Breakpoint Interrupt? 03h Och NA 1 INT3
INTO Detected Overflow ExceptionP 04h 10h NA 1 INTO
Array Bounds Exception? 05h 14h NA 1 BOUND
Unused Opcode Exception@ 06h 18h NA 1 Undefined
Opcodes
ESC Opcode Exceptiona.P 07h 1ch NA 1 ESC Opcodes
Timer0 Interruptd.e 08h 20h 08h 2A i
Timer1 Interruptd-e 12h 48h 08h 2B i
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Table 14. Interrupt Types (Continued)

Vector
Interrupt Table EOI Overall Related
Interrupt Name Type Address Type Priority Instructions
Timer2 Interruptd.e 13h 4ch 08h 2C i
Reserved 09h 24h i i i
DMAO Interrupt/INT5® Oah 28h Oah 3 i
DMAL Interrupt/INT6® Obh 2ch Obh 4 i
INTO Interrupt Och 30h Och 5 i
INTZ Interrupt 0dh 34h 0dh 6 i
INT2 Interrupt Oeh 38h Oeh 7 i
INT3 Interrupt Ofh 3ch Ofh 8 i
INT4 Interruptf 10h 40h 10h 9 i
Asynchronous Serial Port 1 Interfacef 11h 44h 11h 9 i
Asynchronous Serial Port 0 Interfacef 14h 50h 14h 9 i
Reserved 15hi 1fh 54hi 7ch i i i

Note: If the priority levels are not changed, the default priority level will be used for the interrupt sources.
8nstruction execution generates interrupts.

bperformed in the same manner as for the 8086 and 8088.

CAn ESC opcode causes a trap.

dBecause only one IRQ is generated for the three timers, they share priority level with other sources. The
timers have an interrupt priority order among themselves (2A > 2B > 2C).

€These interrupt types are programmable in slave mode.

fNot available in slave mode.

418 Timer Control

The IA186ES and IA188ES havaNDT and three 1bit programmable timersTimer0 and
timerl each haan input and output connected to external pins that peitnhit count or time
eventsas well agproduce variable dutgycle waveforms or nerepetitive waveforms. These
same timers are used to measure the-tagt lowpulse widths of the Pulse Width Demodulator
on thepwd pin.

Because timerdoes not havexternal conngtions, itis confina to internal functions such as
reattime coding, timedelay applications, a prescaler for timerQ and timerl, or to synchronize
DMA transfers.

The Peripheral Control Block contains eleveriliaregisters to control the programmable
timers. Each timefcount register holds th@resent value dfs associatetimerandmay be read
from or written to whether the timer is in operation or ndhte microcontroller increments the
value of the timercount registewhena timer event takes pa.
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The value stored iat i massazigtednaximum count register determines its maximzount
value Upon reachingt, the timer count register is reset to 0 in the same clock cycle that this
count was attainedThe timer count register does not sttinis maximum value. Both timerO
and timerl have primary and a secondary maximum count register that pezaalsto

alternate between two discrete maximum values.

Timer0 and timerl may have the maximum count registers configuegth@rprimary onlyor
both primary and secondary. If the primanly is configured to operaten reaching the
maximum countthe output pin will go low for one clock period. If both the primary and
secondary registers are enabled, the output pin reflects the dtaa@gister in control at the
time. This generates the required waveform thakeigendentn the two values in the maximum
count registers.

Because they are polled every fourth clock periodtithers can operate at a quarter of the
internal clock frequecy. Althoughan external clocknaybe usedthe timer output may take six
clock cycles to respond to the input.

4,19 Watchdog Timer

The WDT operates in real WDT fashion and may be used to prevent loss of control in the event
that software does not respondamexpected manner. The WDT is active after reset, has a
maximum timeout count, and is praghmed for system reset modehe WDT control register
(WDTCON) may be written to only once after reset. This is accomplished by writing 3333h,
then CCCCh followe by the new configuration data to the WDTCON regisinovided they

do not include access to the WDTCON register, ranyber ofoperationsnay be performed

between these two wordscluding memory and I/O reads and writes

Writing AAAAhN then 5555h tadhe WDTCON register resets the current count. This count
cannot be readProvided they do not include access to the WDTCON register, any number of
operations may be performed between these two words, including memory and 1/0O reads and
writes. Use of tlese sequencesiigended to prevent executing code fraocking a WDT

event. With the WDT, a maximum 1.63econd timeout period is possibleeidGMHz system

The WDT can be programmed to genegiteeran NMI or a system reset when it times olfit.
programmed tgenerate an NMI, the NMIFLAG (B[12]) in the WDTCON register will be set
whenit occurs. This flag should be tested by the NMI interrupt service routine (ISR) to establish
whetherthe WDT or an external source generateslinterrupt.If set by writing the 3333h and
CCCCh sequence followed by the configuration dadgincludes clearing NMIFLAGthe ISR

should clear this flaglf the NMIFLAG is set while a second WDT timeout occ@a¥/DT

system reset is generatedplace of a second NMnterrupt

The RSTFLAG (Bt [13]) in the WDTCON register is set if a WDT reset is generated, due to one
WDT occurrence while the WDT is programmed to generate resets, or because a WDT event
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