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CONVENTIONS

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

used to dsignate variables, refer to related documents, and to differentiate
terms from ot her Duriognaefresh 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 Control 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 microcontters. Innovasic produces replacement

ICs using its MILES, or Managed IC Lifetime Extension System, cloning technology that
produces replacement |1 Cs far more complex tha
compatible with the original IC. MILES captsréhe design of a clone so it can be produced

even as silicon technology advances. MILES also verifies the clone against the original IC so
that even the fiundocumented featureso are dup

1.1 General Description

ThelA186ES/IA188ESamily of microcontrdlers replaces obsolete AMD Am186ES/188ES
devices, allowing customers to retain existing board designs, software compilers/assemblers, and
emuation toolsand thus avoiéxpensive redesign efforts.

ThelA186ES/IA188ESmicrocontrollers are an upgrade foetB0C186/188 microcontroller

designs, with integrated peripherals to provide increased functionality and reduce system costs.
The Innovasic devices are designed to satisfy requirements of embedded products designed for
telecanmunications, office automatéstorage, 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 188truction 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 pdgi8RTS)

o DMA capability

o Hardware flow control

o 7-, 8, or 9bit data capability

T Pulsewidth demodulatofeature
T Upto 32 programmable 1/0O (PI@)ns

« A pseudestatic/dynamic RAM controller

« Afully static CMOS design

« 40-MHz operation at industrial operating abtions
« +5-VDC power supply

Innovasice® IA21105090219 http://www.innovasic.com
Semiconductor UNCONTROLLED WHEN PRNTED OR COPIED Customer Support:

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



http://www.innovasic.com/

IA186ES/IA188ES Data Sheet
8-Bit/16-Bit Microcontrollers November 15, 2011

2. Packaging, Pin Descriptions, and Physical Dimensions
Information on the packages and pin descriptions for the IA186ES and the IA188ES is provided
separately.Refer to sections, figures, and tables for information on the de¥iogerest.

2.1 Packages and Pinouts

The Innovasic Semiconductor IA186ES and IA188ES microcontroller is available in the
following packages:

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

The pinout for the IA18BS TQFPpackagas as shown in Figure IThe 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_n/pio29 53 | a9 86 | pcs2_n/ctsl n/enrxl 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 | mcs3_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_n/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 for the IA186ESQFP package is as shown in Figure 2. The corresponding pinout is
provided in Tables 3 and 4.
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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 | alo0 85 | pcs3_n/rtsl _n/rtrl_n/piol9
19 | s6/lock_n/clkdiv2_n/pio29 53 | a9 86 | pcs2_n/ctsl n/enrxl _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_n/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 shovagure 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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wr_n 5 76 = drql/int6/piol3
rd_n 6 X ® 75 = tmrin0/pioll
ale 7 Innovasic 74 =3 tmrout0/piol0
ardy 8 Semiconductor 73 = tmroutl/piol
s2_n 9 Extended Life Semiconductor Solutions 72 3 tmrin1/pio0
sl n 10 71 =3 res_n
sO_n " 70 = gnd
gnd 12 69 = mcs3_n/rfsh_n/pio25
x1 13 IA186ES 68 =3 mcs2_n/pio24
X2 14 67 3 Ve
Vee 15 PQFP 66 =1 pcs0_n/piol6
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clkoutb 17 64 = gnd
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al3 26 55 =1 intl/select_n
al2 7 54 =3 int2/inta0_n/pwd/pio31
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a9 W S HEBIELSHEETSTILITLLEE2E 51 A mesl n/piols
7
gorgoobgrorrgoooogm
ONOUSMOAN §H0 T CC T O =S WOS
CTCCCCGEC>CBE | IDG50EOO
®8gd=s<ce"22g
s 3 > ccg
° a ml CI
” =T o
cE
[}
o

Figure 4. 1A186ES 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 | whb_n 75 | tmrinO/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/pio9 53 | int3/intal_nlirq 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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2.15

The pinout for the IA188ES PQFP package is as shown in Figure 5. The corresponding pinout is

provided in Tables 7 and 8.

IA188ES PQFP Package
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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/pio9 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 42 tmrinl/pio0 72
al6 23 gnd 64 tmrout0/piol0 74
al7/pio7 22 gnd 70 tmroutl/piol 73
al8/pio8 20 gnd 89 txdO/pio22 2
al9/pio9 19 hida 44 txd1/pio27 98
ado 78 hold 45 ucs_n/oncel n 57
adl 80 int0 56 uzi_n/pio26 97
ad2 82 intl/select_n 55 Vee 15
ad3 84 int2/inta0_n/pwd/pio31 | 54 Vce 21
ad4 86 int3/intal_nlirq 53 Vee 38
ad5 88 lint4/pio30 52 Vee 61
ad6 91 Ics_n/once0_n 58 Vee 67
ad7 94 mcs0_n/piol4 50 Vee 92
ale 7 mcsl_n/piol5 51 wb_n 43
ao8 79 mcs2_n/pio24 68 wr_n 5
ao9 81 mcs3_n/rfsh_n/pio25 69 x1 13
aolo 83 nmi 47 X2 14
aoll 85 pcs0_n/piol6 66
aol2 87 pcsl_n/piol7 65
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2.1.6 PQFP Physical Dimensions

The physical dimensions for the PQFP are as showigirre 6.

D Legend
D Millimeter Inch
Symbol | Min |[Nom | Max | Min | Nom | Max
A ) T 1340 i T 10.134
A; 0.25]| i i |0.010| i T
As 2.73|2.85|2.97 |0.107|0.112|0.117
B 0.250.30| 0.38 |0.010|0.012|0.015
B, 0.22]0.30|0.33 /0.009|0.012/0.013
& w C 0.13]0.15| 0.23 |0.005|0.006/0.009
C, 0.11/0.15|0.17 |0.004{0.006|0.007
D 23.00(23.20|23.40]0.906(0.913|0.921
D; 19.90j20.00{20.10|0.783|0.787|0.791
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E, 13.90|14.00(14.10|0.547|0.551/0.555
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L [0.73]0.88]1.03]0.029/0.035[0.041
Ly 1.60 BSC. 0.063 BSC.
R1 0.13| 7 T 10.005 i )
R, 0.13| 7 0.300.005] 7 [0.012
e Detail 86 = o S |020] i | i Jo.008 i | i
e i _}1 P e v [ i | i [010] 7 | i |o.004
iy A7)0 e B R R
ik SEATING mm: \_ see DetalInAo d> 9° |10° | 11° | 9° |10°[11°
ds 9° | 10° | 11° | 9° | 10° | 11°
- = Notes:
B 1. Dimensions _Dl and E; do nqt includg
\1 .mollddpré)trisnlon, E:Jt mo[[d mllsm.atch is
I included. Allowable protrusion is
=T o & 0.25mm/0.010" per side.
. PLATING 2. Dimension B does not include Dambar
I Gﬂﬂ; protrusion. Allowable protrusion is
T e : e 0.08mm/0.003" total in excess of the B
X dimension at maximum material
—— pase condition. Dambar cannot be located
Detail iAd METAL Detail iBo on the lower radius or the foot.

3. Controlling dimension: millimeter.

Figure 6. PQFP Package Dimensions
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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.

Innovasice® IA21105090219 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 November 15, 2011

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.
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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
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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 (+58M.0%) to the micocontroller.
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 witad15 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 indiation to the system of which bytes of the data(opgper,
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_nprovides an 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 amdication 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, paralletesonant
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 parallelresonant
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

« aoljan8
« ad7ado
. 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 hnovasic 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 PI1O pins.
Pinspwd, int5, int6, rts1_n/rtrl_n, and cts1l_n/enrx1_n are multiplexed with
int2_n/inta0_n, drq0, drq0, pcs3_n, and pcs2espectively.
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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
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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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occurred with the NMIFLAG set. This permits system initial@atcode to distinguish between

a WDT reset and hardware reset and tgigropriateaction. The RSTFLAG is cleared by a read

or write to the WDTCON register. During a WDT reset, the external pins are-satged,

ensuring that clocking, reset configtioa register, and any other features that are user
programmable during reset do not change when a WDT system reset occurs. All other activities
are the same as those of a normal system reset.

4.20 Direct Memory Access

DMA freesthe CPUfrom involvement intransferringdata between memory and peripherals
over either one dooth highspeed DMA channelsData may be transferred from memory to
I/O, /0 to memory, memorio memory, or I/Qto I/0. DMA channels may be connected to
asynchronous serial ports.

The IA186ES microcontroller supports tiransfer of both bytes and worttsand from even or

odd addressesdlt does not support word transfers to memory that is configured for byte accesses.
The IA188ES does not support word transfers at all. Each dasdetravill take two bus cycles

(a minimum of 8 clock cycles).

There are four sources of DMA requekir both DMA channels:

« Thechannel request pi{gl drq0)
« Timer2

« Aserial port

« The system software.

Each channehay be programmed to haaalifferent prioity eitherto resolve a simultaneous
DMA requestor to interrupt a transfer on the other channel.

421 DMA Operation

ThePCBcontains six registers for each DMA channel to control and fyp&e operation of the
channelsee Figure 10)

« Two registers to st@ra 20bit source address

. Two registers tetore a 20bit destination address
« One 16bit transfercount register

« One 16bhit control register

The number of DMA transfergquired isdesignated ithe DMA Transfer Count registend

may containup to 64Kbytes or words It will end automatically. DMA channel function is
defined by the Control registers.ike the other five registerthesemay be changed at any time
(including during a DMA transf@¢rand are implemented immediately.
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Control Logic
il ! *

Request <4—10 drql
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Transfer Counter Ch. 1 [¢—

e
Destination Address Ch. 1 [€—— ogic <4—{( drq0

Source Address Ch. 1 [€———— DMA
Control ¢

Transfer Counter Ch. O [@——— Loigpe

—p»| Interrupt Request

Destination Address Ch. O [——

Source Address Ch. 0 [¢——

T 11

Channel Control Register 1

20
Channel Control Register 0

v
Internal Address/Data Bus

Figure 10. DMA Unit

4.22 DMA Channel Control Registers

SeeSection 5.1.10, D1CON (0dah) and DOCON (Ocart)yeDMA channel control registers
specify the following:

« Whether the data destination is in memory or /O spaid15])

« Whether the destination address is incremented, decremented, or unchanged after each
transfer (Bits [1413])

« Whether the data source is in memory or I/O space (Bit [12])

« Whether the source address is incremented, decremented, or unchangedafter e
transfer (Bits [1110])
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« Whether DMA transfers cease upon reaching a designated count (Bit [9])
« Whether the last transfer generates an interrupt (Bit [8])
« Synchronization mode (Bits®])
« The relative priority of one DMA channel with respect to theen{Bit [5])
« Acceptance of DMA requests from Timer2 (Bit [4])
« Configuration of DRQ pins as INT (Bit [3])
« Byte or Word transfers (Bit [0])
4.23 DMA Priority

With the exception of word accesses to odd memory locations or between locked memory
addresse€)MA tranders have a higher priority than CPU transfdégcause th€PU cannot
access memory during a DMA transfer and a DMA transfer cannospersded by an interrupt
request, continuoudMA activity will increasanterruptdelay An NMI request halts any DMA
activity, however,enabling the CPU to respond promptly to the request.

4,24 Pulse Width Demodulation

Note: There is no support for analegrdigital conversion. This feature
provides a means of measuring the width of a pul&®th its high and low
phases.Its enabled by the PWD bit (B&]) in the SYSCON.

TMRINO, TMRIN1, INT2, and INT4 are internally configured to support the detection of rising
and falling edges on the PWD pint@/int0_n/pwd and to enable either timer0 or timerl
depending on wheth¢he signal is high or low (see Figut&). Because they are not used in this
mode, theamrinO, tmrinl, andint4 pins are available as P1O pins.

int2 int4 int2 Interrupts generated
. timerl enabled N

timerO enabled

< [
< »

Figure 11. Typical Waveform at the int2/int0_n/pwd pin
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The current count of timerl for INT2 and timer0 for INT4 should be inspected by the ISR to
determine the pulse width. The timer count register should then be reset by the ISR in readiness
for the next pulse.

The timer count rate (oAfeurth of the procgsor clock rate) determines thaximum resolution
of the timers. To avoid th#elayin servicing a timer interrupt in caseterethe pulse width is
short, the INT2 and INT4 request bits in the Interrupt Request register may be poltetses
wherethe pulse width is greater than the maximum count of the timer, detection is achieved
eitherby monitoring the Maximum Count (MC) bit of the respective timer or by enabling the
timer interrupt requests by setting the INT bit in the respective Timer Mod€@mtdol

Register.

4.25 Asynchronous Serial Ports

There are two independent asynchronous serial ports that employ standard industry
communication protocols in their implementation of full duplexdibectional data transfers.
Functioning independently, eithport may bethe sourcer desinationof DMA transfers.

The following features are supported:

« Full-duplex data transfers
e 7-, 8, or 9bit data transfers
« 0Odd, even, or no parity
« One or two stop bits
« Break characters of two lengths
« Error detection providely parity, framing, oloverrunerrors
« Hardware handshaking achieved with the following selectable control signals:
T Clear tosend €ts_n
I Enable receiver requesrn(rx_n
T Ready to sendts_n
I Ready to receivetf n)

« DMAto and from the ports

. [Each port Bs its own maskable interrupts

« 9-bit multidrop protocol

« [Each port has an independent baatk generator

« Maximum baud rate is 1/16 of the processor clock
« Transmit andeceivelines are double buffered

4.26 Programmable I/O

Thirty-two pinsareprogrammable ag® signalgP10). Table 15 presents theimboth numeric
andalphabetiorder. Because pgramminga pin as a P10 disables its normal function, it
should bedoneonly if the normal functioms not required. A PIO pin can be programmed as an
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input or ouput with or without a weak pullip or pulldown A PIO pin can be also programmed
as an opefarain output.Each P1O pin regains default status aft®\GR

Table 15. Default Status of PIO Pins at Reset

P1O Power-On Reset Power-On Reset
No. Associated Pin Status Associated Pin A Status
0 tmrinl Input with pullup al7 7 Normal operation2
1 tmroutl Input with pulldown al8 8 Normal operation
2 pcs6_n/a2 Input with pullup al9 9 Normal operation2
3 pcs5_n/al Normal operation2 ctsO_n/enrx0_n 21 | Input with pullup
4 dt/r_n Normal operation2 den_n/ds_n 5 Normal operation2
5 den_n/ds_n Normal operation? drqO/int5 12 | Input with pullup
6 srdy Normal operation2 drgl/int6 13 | Input with pullup
70 al7 Normal operation2 dt/r_n 4 Normal operation2
8pb al8 Normal operation? int2/inta0_n/pwd 31 | Input with pullup
9P al9 Normal operation? int4 30 | Input with pullup
10 tmroutO Input with pulldown mcs0_n 14 | Input with pullup
11 tmrin0 Input with pullup mcsl_n 16 Input with pullup
12 drqO/int5 Input with pullup mcs2_n 24 | Input with pullup
13 drql/int6 Input with pullup mcs3_n/rfsh_n 25 | Input with pullup
14 mcs0_n Input with pullup pcsO_n 16 | Input with pullup
15 mcsl_n Input with pullup pcsl_n 17 | Input with pullup
16 pcsO_n Input with pullup pcs2_n/ctsl_n/enrxl_n 18 | Input with pullup
17 pcsl n Input with pullup pcs3_n/rtsl_n/rtrl _n 19 | Input with pullup
18 pcs2_n/ctsl_n/enrxl_n Input with pullup pcs5_n/al 3 Input with pullup
19 pcs3_n/rtsl _n/rtrl _n Input with pullup pcs6_n/a2 2 Input with pullup
20 rtsO_n/rtr0_n Input with pullup rtsO_n/rtr0_n 20 | Input with pullup
21 ctsO_n/enrx0_n Input with pullup rxd0 23 | Input with pullup
22 txd0 Input with pullup rxd1 28 | Input with pullup
23 rxd0 Input with pullup s6/lock_n/clkdiv2 29 | Input with pullup
24 mcs2_n Input with pullup srdy 6 Normal operationd
25 mcs3_n/rfsh_n Input with pullup timrin0 11 | Input with pullup
260:C | uzi_n Input with pullup tmrinl 0 Input with pullup
27 txd1 Input with pullup tmroutO 10 | Input with pulldown
28 rxdl Input with pullup tmroutl 1 Input with pulldown
290.¢ | s6/lock_n/clkdiv2 Input with pullup txd0 22 | Input with pullup
30 int4 Input with pullup txd1 27 | Input with pullup
31 int2/inta0_n/pwd Input with pullup uzi_n 26 | Input with pullup

8nput with pullup when used as PIO.

PEmulators use these pins and also s2_ni s0_n, res_n, nmi, clkouta, bhe_n, ale, ad15i ad0, and al6i a0.

CIf bhe_n/aden_n (IA186ES) or rfsh_n/aden_n (IA188ES) is held low during POR, these pins will revert to normal
operation.
dinput with pulldown option available when used as PIO.
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These default status setts1gay be changed as desired.

After POR,al9 al7, thethree most significant bits of the address, stesrt with their normal
function, allowingthe processor to g fetching instructions from the boot address FFFFOh.
Normal functionis also the default setting fait/r_n den_n andsrdyafter POR

If the ad15 adObus override is enabled6/clkdiv2_nanduzi_nautomatically return to normal
operation. Thead15 adObus override is enabledeftherthebhe n/aden_for the IA186ESor
therfsh2_n/aden_for the IA188ES is held low duringOR

5. Peripheral Architecture

5.1 Control and Registers

The onchip peripherals in thlA186ES/IA188ESare controlled from a 25Byte block of

internal registersAlthough these registers are actually located in the peripherals they control,
they are addressed within agl® 256byte block of I/0O spacand are treated as a functional
unit. A list of these registers @esentedn Table 16.

Although a named register may be 8 bitste operations performed on the IA188ES should be
8-bit writes, resulhg in 16-bit data transfers to the Peripheral Control Block (PCB) register.
Only word reads should lerformed to the PCB registe If unaligned read and write accesses
are performed on either the IA186ES or IA188E8eterminate behavianay result

Note: Adhereto thesedirections while writing codeto avoid errors |
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Table 16. Peripheral Control Registers

Register Name | Offset Register Name | Offset
Peripheral Control Block Registers Timer Registers
PCB Relocation Register FEh Timer2 Mode and Control Register 66h
Reset Configuration Register F6h Timer2 Max Count Compare A Register 62h
Processor Release Level Register F4h Timer2 Count Register 60h
Auxiliary Configuration Register F2h Timerl Mode and Control Register 5Eh
System Configuration Register FOh Timerl Max Count Compare B Register 5Ch
Watchdog Timer Control Register E6h Timerl Max Count Compare A Register 5Ah
Enable RCU Register E4h Timerl Count Register 58h
Clock Prescaler Register E2h TimerO Mode and Control Register 56h
Memory Partition Register EOh Timer0 Max Count Compare B Register 54h
DMA Registers Timer0 Max Count Compare A Register 52h
DMA1 Control Register DAh Timer0O Count Register 50h
DMAL Transfer Count Register D8h Interrupt Registers
DMAL1 Destination Address High Register D6éh Serial Port O Interrupt Control Register 44h
DMAL Destination Address Low Register D4h Serial Port 1 Interrupt Control Register 42h
DMAL1 Source Address High Register D2h INT4 Interrupt Control Register 40h
DMAL Source Address Low Register Dih INT3 Interrupt Control Register 3Eh
DMAO Control Register CAh INT2 Interrupt Control Register 3Ch
DMAO Transfer Count Register C8h INT1 Interrupt Control Register 3Ah
DMAO Destination Address High Register Cé6h INTO Interrupt Control Register 38h
DMAO Destination Address Low Register C4h DMAZL/INT6 Interrupt Control Register 36h
DMAO Source Address High Register C2h DMAO/INTS Interrupt Control Register 34h
DMAO Source Address Low Register COh Timer Interrupt Control Register 32h
Chip-Select Registers Interrupt Status Register 30h
pcs_n and mcs_n Auxiliary Register A8h Interrupt Request Register 2Eh
Mid-Range Memory Chip-Select Register A6h Interrupt In-Service Register 2Ch
Peripheral Chip-Select Register Adh Interrupt Priority Mask Register 2Ah
Low-Memory Chip-Select Register A2h Interrupt Mask Register 28h
Upper-Memory Chip-Select Register AOh Interrupt Poll Status Register 26h
Serial Port 0 Registers Interrupt Poll Register 24h
Serial Port 0 Baud Rate Divisor Register 88h End-of-Interrupt (EOI) Register 22h
Serial Port 0 Receive Register 86h Interrupt Vector Register 20h
Serial Port 0 Transmit Register 84h Serial Port 1 Registers
Serial Port O Status Register 82h Serial Port 1 Baud Rate Divisor Register 18h
Serial Port 0 Control Register 80h Serial Port 1 Receive Register 16h
PIO Registers Serial Port 1 Transmit Register 14h
PIO Data 1 Register 7Ah Serial Port 1 Status Register 12h
PIO Direction Register 78h Serial Port 1 Control Register 10h
P10 Mode 1 Register 76h
P10 Data O Register 74h
P1O Direction 0 Register 72h
P10 Mode 0 Register 70h
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5.1.1 RELREG (Ofeh)

The Peripheral Control BlodRELocationREGster maps the entire Peripheral Control Block
Register Bank to either I/O or memory spateaddition, RELREG contains a bit that places
the interrupt controller in either master or slave motlee RELREG contains 20ffh at reset (see
Tablel7).

Table 17. Peripheral Control Block Relocation Register

15 14 13 12 |11]10]9[8]7]6]|5]4[3]2]1]0
Reserved | S/Mn | Reserved | IO/Mn RA [191 8]

« Bit[150 Reserved.

. Bit[148 S/MnY When set td, this bit places thaterrupt controlleinto slave mode.
WhenO, it is in master mode.

. Bit[13]0 Reserved.

. Bit[12]6 IO/MnY When set td, the Peripheral Control Block is mapped into memory
space.When 0.this bit maps the Peripheral @ool Block Register Bank into 10 space.

. Bits[11i0]8 RA[19i8] Y Sets the base address (upper 12 bits) of the Peripheral
Cortrol Block Register BankRA [7i O] default to zero.When Bt [12] (I0/Mn) is set
to 1, RA[19i 16] are ignored.

5.1.2 RESCON (0f6h)

The RESt CONfiguration Register latches uséefined information present at specified pins at
the rising edge of reset. The contents of this register areordpénd remain valid until the
next reset.The RESCON contains usdefined information at resé&ee Table 18)

Table 18. Reset Configuration Register

15]14]13]12]11]10]98]7]6]5]4]|3]2]1]0
RC [15i 0]

. Bits[15/0]6 RC [15 0] Y At the rising edge of reset, the values of specified pins
(adL5i adOfor the IA186ES anaal5i ac8 andadri add for the IA188ES) are latched into
this register.

5.1.3 PRL (0f4h)

TheProcessoReleasd_evelRegister contains a code corresponding to the latesegsor
production releaseThe PRL is aeadonly register The PRL contains 110(Qjsee Tabld.9).
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Table 19. Processor Release Level Register

15[14[13]12]11]10]9]8[7]6]5]4]3]2]1]0
PRL [7i 0] RES

. Bits[15i8]8 PRL[710] Y The laest Processor Release Level.

Processor
PRL Value Release Level
10h A
11h B
12h C
13h D
14h E

« Bits [710]0 Reserved.
5.1.4 AUXCON (0f2h)

The AUXiliary CONfiguration Register configures the flantrol signals for the asynchronous
serial ports.AUXCON contols data bus width (&r 16-bit) for lower memory, middle
memory, and IO accessasdcontains 0000h at reset (see Table 20)

Table 20. Auxiliary Configuration Register

1514 [13]12]11]10]9]8]7 6 5 4 3 2 1 0
RES ENRX1 | RTS1 | ENRXO | RTSO | LSIZ | MSIZ | I0SIZ

. Bit[157]0 Reserved.

« Bit[6]8 ENRX1Y When set td, thectsl_n/enrx1_mpin functions astsl_n When O,
it functions aenrx1_n

« Bit[5]8 RTS1Y When set td, thertrl_n/rts1_rpin functions asts1_n When 0,it
functions as rtt_n.

« Bit[4]8 ENRXOY When set to 1, thetsO_n/enrx0_pin functions agtsO_n When O,
it functions aenrx0_n

« Bit[3]8 RTSOY When set to 1, ther0_n/rtsO_rpin functions astsO_n When 0,it
functions astrO_n

. Bit[2]8 LSIZ (IA186ES only)Y When ®t to 1, 8bit data accessare performed in
lower chipselect [cs_n space.When 0, 16bit data accessare performed.
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515

Bit [1]8 MSIZ (IA186ES only)Y When set to 1,-®it data accessare performed in
middle chipselect (ncs_n space and peripheralipkselect spacegéc_® butonly if
pcs_nis mapped to memoryWhen 0, 16bit data accegsare performed.

Bit [0]d 10SIZ (IA186ES only)Y When set to 1,-8it data accessare performed in all
I/O space.When 0, 1ébit data accegssare performed.

SYSCON (0f0h)

The SYStemCONfiguration Registecontrols several miscellaneous system I/0O and timing
functions. The SYSCON contains 0000h at refsste Table 21)

Table 21. System Configuration Register

15

14 13 12 [ 112 ] 10] 9 8 |7]6]5]4]3][2]1]0

PSEN

MCSBIT | DSDEN | PWD | CBF | CBD | CAF | CAD RES F2 | F1 | FO

Bit [15]8 PSENY When set td, enables the powsave mode causing the internal
operating clock to be divided by the valug=& FO. External or internal interrupts clear
PSENautomatically Software interrupts and exceptgxio not

Note: The value oPSENis not restored upon execution of an IRET
instruction.

In

Bit [14]8 MCSBITY When set to 1, mcsO_n is active over the entire MCS range, thus
freeingmsc2 _rnandmcsl_rto be used aBIO. When 0,it behaves normally.

Bit [13]6 DSDENY When set to 1, thés_n/den_pin functions asls_n When 0t
functions aglen_n See the individual pin descriptions for details of data strager)
mode versus data enabtef_ mode.

Bit [12]8 PWDY When set to 1, the pulse width demodulator is enalléden 0,it is
disabled.

Bit[11]8 CBFY When set to 1, thelkoutboutput follows the input crystal (PLL)
frequency.When 0,it follows the internal clock frequency after the clock divider.

Bit [10]d C B D When set to 1, thelkoutboutput is driven low.When 0,it is driven
as aroutput per th€CBF bit.

Bit [9]8 CAFY When set to 1, thelkoutaoutput follows the input crystal (PLL)
frequency.When 0,it follows the internal clock frequency after the clock divider.
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5.1.6

Bit [8]d CAD Y When set to 1, thelkoutaoutput is driven low.When 0, it is driven as
an output per th€BF bit.

Bits [71 3] Reserved? The bits read back as zeros.

Bits [21 0]8 F2iFOY These bits control thclock divider as shown below.

| Note PSENmust be 1 for the clock divider to function.

T
N
T
[N
T
o

Divider Factor
Divide by 1 (2°)
Divide by 2 (2%)
Divide by 4 (2°)
Divide by 8 (2°)
Divide by 16 (2%
Divide by 32 (2°)
Divide by 64 (2°)
Divide by 128 (2)

RPIFRPIFPRFPRPOOIO|IO
RPRPIO|O(FRIFP|O|O
POk IOFR|IO|FL|O

WDTCON (0e6h)

TheWatcHDog Timer CONtrol Register providesontrol and status for the WDTThe
WDTCON contains c080h at reset (see Table 22)

Table 22. Watchdog Timer Control Register

15

14 13 12 11 |10]9]8|7]6]5]4]3]2]1]0

ENA

WRST | RSTFLAG | NMIFLAG | TEST RES COUNT

I

Bit [15]0 ENAY When set td, thewDT is enabled.When 0,it is disabled.

Bit [14]d WRSTY When set td, an internal WDT reset is generated when the WDT
timeout count COUNT) is reached When 0, an NMI will be generated once WDT
timeout count is reached and tR®IIFLAG bit is 0. If the NMIFLAG bit is 1, an

internal WDT reset is generated when the WDT timeout count is reached.

Bit [13]d RSTFLAGY When set to 1, a WDT timeout event has occurf@us bit may
be cleared by software or by an external reset.

Bit [12]6 NMIFLAG Y When set to 1, a WDT NMI event has occurrdthis bit may
be cleared by software or by an external reHetis bit is 1 when WDT timeout occurs,
an internal WDT reset is generated regardless of the stl{&SIT.

Bit [11]8 TESTY This bit is reseved for chip test and should bivaysset to 0.
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5.1.7

Bits [10i 8]0 Reserved.

Bits [71 0]d COUNTY Control the timeout period for the WDT as follows:

Timeout = 2 &P "/frequency (Equation 1)
Where:

Tiimeout = The WDT timeout period in seconds.

frequency = The processor frequency in hertz.

exponent = Is based upon count as shown below:

Bit [7] | Bit[6] | Bit[5] | Bit[4] | Bit[3] | Bit[2] | Bit[1] | Bit[0] | Exponent

0 0 0 0 0 0 0 0 NA
X X X X X X X 1 10
X X X X X X 1 0 20
X X X X X 1 0 0 21
X X X X 1 0 0 0 22
X X X 1 0 0 0 0 23
X X 1 0 0 0 0 0 24
X 1 0 0 0 0 0 0 25
1 0 0 0 0 0 0 0 26

EDRAM (0e4h)

The EnableDynamicRAM Refresh Control Regist@rovides control and status for the refresh
counter. The EDRAM register conias 0000h at resésee Table 23)

Table 23. Enable Dynamic RAM Refresh Control Register

15 [14|13]12]11]10]98]7]6]5]4]3]2]1]0
EN|O [0 |O |0 |0 |O T [8i 0]
. Bit[158 ENY When set to 1, the refresh counter is enablechasuB_nis corfigured
to act asfsh_n ClearingEN clears the refresh counter and disables refresh requests.
The refresh address is unaffected by clealEiNg
. Bits[14i9]6 Re s e r Wleeske bik read back as 0.
. Bits[8i0]8 T[8i0] Y These bits hold the current valuetioé refresh counteThese
bits are readnly.
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5.1.8 CDRAM (0Oe2h)

The Count for DynamidRAM (CDRAM) Refresh Control Registeietermines the period
between refresh cycle§he CDRAM register is undefined at re¢ste Table 24)
Table 24. Count for Dynamic RAM Refresh Control Register

1514131211 |10]9]8]7]6]5]4]3]2]1]0
o|lo[o]o]o]o]o RC [8i 0]

» Bits[15/9]8 Reserved’ These bits read back as 0.

. Bits[810]8 RC[810] Y These bits hold the clock count interval between refresh cycles.
In powersave mode, the refresh counter value should be adjusted to account for the clock
divider value in SYSCON.

5.1.9 MDRAM (0e0h)

TheMemoryPartition forDynamicRAM (MDRAM) Refresh Control Registéolds the &9
al3 address bits of the 21t base refresh addresshe MDRAM register contains 0000h at
reset(see Tabl&5).

Table 25. Memory Partition for Dynamic RAM Refresh Control Register

1514 [13]12]11]10]9(8[7]|6][5]4[3]2]1]0
M [6i 0] ojofojo]ofoJo]o]0O

. Bits[15/9]6 M [6i10] Y Upper bits corresponding to address bit§ al3of the 20bit
memory refresh addres3hese bits are not available on ## aObus. When using
PSRAM modeM6i MO must be programmed to 0000000b.

. Bits[8i0]6 Reservedd These bits read back @s
5.1.10 D1CON (0dah) and DOCON (Ocah)

DMA CONtrol Registers.DMA Control Registers control operation of the two DMA channels.
The DOCON and D1CON registers are undefined at reset, eS€ephichis set to (see
Table26).

Table 26. DMA Control Registers

15 14 13 12 11 10 |9 | 8 7 6 |5 4 3 2 |1] 0
DM/IOn [DDEC |DINC |SM/lon|SDEC|SINC|TC|INT|SYN1i SYNO|P|TDRQ|EXT|CHG|ST |Bn/W
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. Bit[15]8 DM/IOnY Destination Address Space Select selects memory or I/O space for
the destination address. WHeN/IO is set to 1, the destination address is in memory
space When 0Ot is in I/O space.

. Bit[14]8 DDECY Destination Decrementhen set to Jautomaticallydecrements the
destination address after each transfer. The address is decremented pbgepen@ing
on the byte/word bitBn/W, Bit [0]). The address does not change if the increment and
decrement bits are set to the same value (00b or 11b).

. Bit[13]8 DINC Y Destination Incremenwhen set to 1, automatically increments the
destination address after each transfer. The address is incremented bgdpending
on the byte/word bitBn/W, Bit [0]). The address does not change if the increment and
decremenbits are set to the same value (00b or 11b).

. Bit[12]6 S M/ | O%ourde Address Space Select selects memory or I/O space for the
source address. When set to 1, thes®address is in memory spad¥hen 0,it is in
I/O space.

. Bit[11]6 SDECY Source Decreentwhen set to 1, automatically decrements the
destination address after each transfer. The address is decremented by 1 or 2, depending
on the byte/word bitBn/W, Bit [0]). The address does not change if the increment and
decrement bits are set to theme value (00b or 11b).

. Bit[10]d SINCY Source Increment when set to 1, automatically increments the
destination address after each transfer. The address is incremented by 1 or 2, depending
on the byte/word bitBn/W, Bit [0]). The address does not change if the increment and
decrement bitare set to the same value (00b or 11b).

« Bit[9]8 TCY Terminal Count The DMA decrements the transfer count for each DMA
transfer. When set to 1, the source or destination synchronized DMA transfers terminate
when the count reaches When 0theydo notterminate when the count reaches 0.
Unsynchronized DMA transfers always end when the count reachegaddles®f the
setting of this bit.

« Bit[8]8 INT Y Interrupt. When this bit is set to,the DMA channel generates an
interrupt request on completiaf the transfer count. However, for an interrupt to be
generated, th&C bit must also be set to 1.

. Bits[7i6]8 SYN1ISYNOY Synchronization Typbits eachselect channel
synchronizationtypesasshown below The value of these bits is ignored DRQ
(Bit [4]) is set tol. A processor reset causes these bits to be set to 11b.
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Synchronization Bit Channel Selection

SYN1 | SYNO Sync Type
0 0 Unsynchronized
0 1 Source Synchronized
1 0 Destination Synchronized
1 1 Reserved

. Bit[5]8 PY Relative Priority When set to Iselectshigh priority for this channel
relative to the other channel during simultaneous transfers.

« Bit[4]8 TDRQY Timer 2 SynchronizationWhen set to 1, enabl&MA requests from
timer 2. When Q disablegshem

« Bit[3]8 EXT Y Externallnterrupt Enable Bit When set to 1if the respective DMA
channel does not respond to changes odrppin, thispin functions asanint pin and
the interrupt controller processes requests on theWimen 0,it functions as arqpin.

. Bit[2]d CHGY Change Start BitThis bit must be set to 1 to allow modification of the
ST bit during a write. During a write, wh&@HG is set to 0ST is not changed when
writing the control word. The result of reading this bit is always 0.

. Bit[1]6 STY Start/Stop DMAChannel.When set to 1, the DMA channel is started.
The CHG bit must be set to 1 for this bit to be modified and only during the same register
write. A processor reset causes this bit to be set to 0.

. Bit[0]d Bn/W Y Byte/Word Select. When set to 1, widransfers are selected.
WhenO, byte transfers are selected.

Note: Word transfersare not supported if the chip selects pregrammed
for 8-bit transfers. The IA188ES does not support word transfers

5.1.11 DITC (0d8h) and DOTC (0c8h)

DMA TransferCournt Regsters. The DMA Transfer Count registers are maintained by each
DMA channel. They are decremented after each DMA cycle. The stateTdT thiein the

DMA control register has no influence on this activity. But, if unsynchronized transfers are
programmd or if theTC bit in the DMA control word is set, DMA activity ceases when the
transfer count register reachesThe DOTC and D1TC registers are undefined at (sset
Table 27)

Table 27. DMA Transfer Count Registers

15]14]13]12]11]10]9[8]7][6]5]4]3]2]1]0
TC15i TCO
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. Bits[15/0]6 TC[15/0] Y DMA Transfer Count contains the transfer count for the
respective DMA channellts value is decremented after each transfer.

5.1.12 D1DSTH (0d6h) and DODSTH (Oc6h)

TheDMA DeSTination AddressHigh Register.The 2Gbit destination address consists of these

4 bits combined with the 1Bits of the respective Destination Address Low Register. A DMA
transfer requires that two completeldi6registers (high and low registers) be used for both the
source and destination addresses of each DMA channel involvede foesegisters must be
initialized. Each address may be incremented or decremented independently of each other after
each transfer. The addresses are incremented or decremented by two for word transfers and
incremented or decremented dyefor byte tansfers.Theyare undefined at resgtee

Table28).

Table 28. DMA Destination Address High Register

15]14]13]12]11]10]9]8]7]6]5]4]3]2]1]0
Reserved DDA19i DDA16

« Bits[15/4]0 Reserved.

. Bits[3i0]6 DDA[19i 16] Y DMA Destination Addess High bits are driven onto
al9i al6 during the write phase of a DMA transfer.

5.1.13 DIDSTL (0d4h) and DODSTL (Oc4h)

DMA DeSTination AddressLow Register. The 16 bits of these registers are combined with the
4 bits of the respective DMA Destination AddresgiHRegister to produce a -2t destination
address.They are undefined at resgdee Table 29)

Table 29. DMA Destination Address Low Register

15[14]13]12]11]10]9]8[7]6]5]4]3]2]1]0
DDA15i DDAO

» Bits[15/0]6 DDA[15i0] Y DMA Destination Addres Low bits are driven onto
al9i al6 during the write phase of a DMA transfer.

5.1.14 D1SRCH (0d2h) and DOSRCH (0c2h)

DMA SouRCe AddressHigh Register. The 20bit source address consists of thé$sts

combined with the 16its of the repective Source Address Low Register. A DMA transfer

requires that two complete -t registers in th&CB (high and low registers) be used for both

the source and destination addresses of each DMA channel involved. Each channel requires that
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all four adiress registers be initialize@Each address may Ioredependentlyncremented or
decremented after eawlord transferby 2 or by 1 for byte transfersThey are undefined at reset
(see Table 30)

Table 30. DMA Source Address High Register

15]14]13]12]11]10]9]8]7]6]5]4|3[2]1]0
Reserved DSA19i DSA16

. Bits[15'4]0 Reserved

. Bits[370]6 DSA[19 16] Y DMA Source Addres High bits are driven ontd.&i al6
during the read phase of a DMA transfer.

5.1.15 D1SRCL (0d0h) and DOSRCL (0cOh)

DMA SouRCe AddressLow Register. The 16 bits of these registers are combined with4léts
of the respective DMA Source Address High register to producebit 20urce addresslhey
are undefined at resgtee Table 31)

Table 31. DMA Source Address Low Register

15]14]13]12[11]10]98]7]6]5]4]3]2]1]0
DSA15i DSAQ

. Bits [150]6 DSA[150] Y DMA Source Address Low bits are placed oatd a0
during the read phase of a DMA transfer.

5.1.16 MPCS (0as8h)

MCS and PCSMPCS)Auxiliary Register. Becausehisregister controls more than one type of
chip selectijt is unlike other chip select control reggers. The MPCS register contains
information formcs3_fimcs0_npcs6_fipcs5 nandpcs3_fipcsO n

The MPCS register also contains a bit that configurepdb@ _iipcs5_npins as either chip

selects or as alternate sources forabhand & address bitsEitheral/a2or pcs6_fipcs5_nare

selected to the exclusion of the other. When programmed for address bits, these outputs can be
used to provide latched address bits&®andal

The pcs6_hpcs5_mpinsare high and ot active on processor resét/henthepcs6_fipcs5 n
are configured as address piasaccesdo the MPCS register causes thenactivate Theydo
not require corresponding access to the PACS register to be actiVaedalue of the MPCS
register is undefined at regsee Table 32)
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Table 32. MCS and PCS Auxiliary Register

15

14 ]13]12]11]10]9]8

7 6

1

M61 MO

EX | MS

R2 | R1i RO

Bit [15]8 Reservedr Set to 1.

Bits [14i 8]8 M [67 0] mcs_n Block SizeY These sevehits determine the tal memory
block size for thencs3 ni mcsO n chip selects. The size is divided equally amonigthe
The relationship betweeyl [61 0] and the sizés shown below

Select Sizes of M6i MO by Total Block Size

Total Block | Individual

Size Select Size M6i MO
8K 2K 0000001b
16K 4K 0000010b
32K 8K 0000100b
64K 16K 0001000b

128K 32K 0010000b

256K 64K 0100000b

512K 128K 1000000b

« Bit[7]8 EX Pin Selectol This bit determines witieer thepcs6_iipcs5_rnpins are
configured as chip selects or as alternate output2fandal When set to 1,
theyare configured as peripheral chip select pivhen 0theybecome address bial
andaz, respectively.

. Bit[6]d MSY Memory/ I/O Spac&electordetermines whether thpes_npins are
active duringeithermemory or I/O bus cycles. When set to 1, the outputs are active for
memory bus cyclesWhen Q they areactive for I/O bus cycles.

. Bits[5i3]6 Reserved’ Setto 1.

« Bit[2]8 R2 Ready Mod& This bit influences only thpcs6_iipcs5_nchip selects.
Whenset to 1, external ready is ignored/hen0, it is required.Values determine the
number of wait states to be inserted.

« Bits[1i0]8 R [1i 0] Wait-State Value¥ These bits influence only thes6_ripcs5_n
chip selects. Thevalue determines the number of wait states inserted into an access
depending on whetherig to thepcs n memory or I/O area. Up to three wait states can
be insertedR1i RO= 00b to 11b).
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5.1.17 MMCS (0a6h)

MidrangeMemoryChip Select(MMCS) Register. Four chipselect pinsmcs3_fimcs0_n are
provided for use within a uséwcatable memory blockExcluding the areas associated with the
ucs_nandlcs_nchip selects (and mapped to memory, the address range of the periptieial
selectspcs6_fipcs5_nandpcs3_fipesO_n, thememory block base address can be located
anywhere within the-Mbyte memory address space. If tfes_nchip selects are mapped to
I/O spacethemcs_naddress range can overlap gus_naddress range.

Two registers program the Midrange Chip Selects. The MMCS register determines the base
address, the ready conditiand wait states of the memory block that are accessed through the
mcs_npins. Thepcs_nandmcs_nauxiliary (MPCS) register configureselblock size. On
resefthemcs3_fimcsO_npins are not active. Accessing with a write both tHd@& and

MPCS registers activatbese chip selects.

Unlike theucs_nandlcs_nchip selectsthemcs3_fimcs0_noutputs assert with the multiplexed
ad addresdus @d15 adOor aol5 ao8andad7 ad0, rather than the earlier timing of th@é9 a0
bus. If the al9 aObus is used for address selectithretiming is delayed for a half cycle later
than that foucs_nandics_n The value is undefined at re¢sée Tale 33)

Table 33. Midrange Memory Chip Select Register

15]14]13]12]12]10]9[8]7]6]5]4]3]2 |1 ]o0
BA19i BA13 1]1[1]2]1]1][R2]|RI1iRO

. Bits[15/9]6 BA[15i9)Base Addr ess Y TIhBAl3wetdrmirestief t he
base addressf the menory block that is addressed by times_nchip select pins. These
bits correspond tal19 al3of the 20bit memory address. The remaining laiisd a0 of
the base address are always 0.

I The base address may be any integer multiple of the size of the mdautry c
selected in the MPCS register. For example, if the midrange block is 32 Kbytes, the
block could be located at 20000h or 28000h but not at 24000h.

T If thelcs_nchip select is inactive, the base address of the midrange chip selects can
be set to 0000Qibecause thies_nchip select is defined to be 00000h but is unused.
Because¢he base address must be argetr multiple of the block siza,512K
MMCS block size can only be used with the_nchip select inactive and the base
address of the midranghip selects set to 00000h.

. Bits[8i 3]0 Reserved.Setto 1.

. Bit[2]d R2Re ady nThis ket de¥ermines theics_nchip selects ready mode.
Whenset tol, an external ready is ignore@hen 0, an external ready is necessitsy.
value determines the number of wait states inserted into an access
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. Bits[1710]6 R [1i0] Y Wait-State Value.The value of theebits determines thaumber
of wait states inserted in an accekk to three wait states can be insertedi R0 = 00b
to 11Db).

5.1.18 PACS (0a4h)

PeripheAl Chip Seled Register. ThesePeripheral Chip Selects are asserted oved®56 range
with the same timing as tteal address bus. There are six chip selgutsé fipcs5 nand
pcs3_fipcsO_rthat areusel in either the usdocatable memory or I/0O block€xcluding the
areaduseal by theucs _n, Ics_nandmcs_nchip selects, thenemory block candlocated
anywhere within the-Mbyte address space. These chip selects mayalsonfigured to
access the 6Kbyte 1/0 space.

Programming the Peripheral Chip Selects tlse®eripheral Chip Select (PACS) and fies_n
andmcs_nAuxiliary (MPCS) registes. The PACS register establishes the base address,
configures the ready mode, and determines the number of wait statesgos3hépcsO_n
outputs.

The MPCS register configures thes6_fipcs5_npins to be either chip selects odaglss pins
alanda2 When these pins are configured as chip selects, the MPCS register detdrenines
ready state and wait states for these outputgndsvhether they are active during memory or
I/O bus cycles.These pingre activated as chip selebtgwriting to the two registers (PACS
andMPCS). They are not active on reset.o configure and activate them as address pins, it is
necessary to write to both the PACS and MPCS regisRinspcs6_fipcs5 _ncan be

configured for 0 to 3 wait statesidpcs3_fipcsO_ncan be programmed for O to 15 wait states.
The value of the PACS register is undefined at rgssst Table 34)

Table 34. Peripheral Chip Select Register

15]14]13]12]11]10]9[8]7]6]5]4]3 [2 |1 ]o0
BA19i BA11 1/1]1]R3[R2|RIiRO

. Bits[15/7]6 BA[19i 11] Y Base Address bits correspondBits [19 11] of the 20bit
programmable base address of the peripheral chip selectdriddietermine the base
address Becausd/O addresses are only 16 bits widehe pcs n chip selects are
mapped to I/O space, tleebits must be set to 0000bhe pcsaddress rangese shown
below.
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Address Ran

es of pcs Chip Selects

Range
pcs_n Line Low High
pcsO_n Base Address Base Address + 255
pcsl n Base Address + 256 | Base Address + 511
pcs2_n Base Address + 512 | Base Address + 767
pcs3 n Base Address + 768 | Base Address + 1023
Reserved NA NA
pcs5_n Base Address + 1280 | Base Address
pcs6_n Base Address + 1536 | Base Address

. Bits[6i4]0 Reserved.Setto 1.

. Bit[3]6 R[3]Y Wait State Value. &pcs3_fipcsO_nWait-State Encodinghown

below
pcs3 ni pcsO_n Wait-State Encoding
R3 | R1 | RO | Wait States
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 5
1 0 1 7
1 1 0 9
1 1 1 15

. Bit[2]6 R[2]Y Ready Mode.Whenset tol, external eady is ignoredWhen 0, itis
required. In each case the number of wait states is determaicmutding tahe
pcs3_fipcsO_nwWait-State Encodinghown above

. Bits[1i0]d R[1i0] Y WaState Valugseepcs3_fipcsO_n WaiState Encodinghown
above) Thepcs6_iipcs5 _nandpcs3_fipcsO_npins are multiplexed with thielO pins.
For them to function as chip selects, the PIO mode and direction settings for these pins
must be set to 0 for normal operation.

5.1.19 LMCS (0a2h)

TheLow-Memory Chip SeledtLMCS) Registerconfigures the Low Memory Chip Select
provided to facilitate access to the interrupt vector table located at 00000h or the bottom of
memory. Thdcs_npin is not active at reset.
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The width of the data bus for thes_nspace should be configured in theXACON register
before activating thies _nchip select pin, by any write access to the LMCS registhe value
of the LMCS register is undefined at reset except DA, which is sefsiellable 5).

Table 35. Low-Memory Chip Select Register

15

14[13]12]11]10]9]8]7 |6 5/4][3]2 [1]o0

0

uUB2i UBO 1|1 |1|1|DA|PSE|1|1]|1|R2]|R1-R0O

Bit [15]0 Reserved.Setto 0

Bits [14i 12]6 UB [2i0] Y Upper Boundary These bits define the upper boundary of
memory accessed by thes_nchip select. Th&eMCS Block-Size Programming Values
shownbelowlist the possibldlock-sizeconfigurationga512-Kbyte maxmum).

LMCS Block-Size Programming Values
Memory Ending
Block Size | Address | UB2i UBO

64K OFFFFh 000b
128K 1FFFFh 001b
256K 3FFFFh 011b
512K 7FFFFh 111b

Bits [117 8]0 Reserved Set to 1.

Bit [7]0 DA Disable Addres¥y Whenset to 1, the address bus is disabled, providing
some measure of power sagi When 0, the address driven onto the address bus
ad15 ad0Oduring the address phase of a bus cy@lais bit is set to 0 at reset.

T If bhe_n/adenn is held at O during the rising edgere$_n the address bus is always
driven,regardles®f the seihg of DA.

Bit [6]8 PSE PSRAM Mode Enabl¢ Whenset to 1 PSRAM support for th&es_nchip
select memory space is enabled. The EDRAM, MDRAM, and CDRRXINJ registers
must be configured for auto refresh before PSRAM support is enabled. Setting the
enable bit (EN) in the enable RCU register (EDRANMset e4h) configures the
mcs3_n/rfsh_rmasrfsh_n

Bits [5i 3]0 Reserved.Setto 1.

Bit [2]8 R2 Ready Modé& When set to 1, the external ready is ignoré¢hen 0,it is
required. The value of theebits determines thaumber of wait states inserted.
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. Bits[R1IR(Od R[1i0] Y Wait-State Value.The value of these bittetermineghe
number of wait states inserted into an access tlwsh@memory area. This number
ranges from 0 to 3 (RRO = 00b to 11hb)

5.1.20 UMCS (0aoh)

TheUpperMemoly Chip SelectRegisterconfigures theJMCS pin, used for the top of memory.

On reset, the first fetch takes place at memory location FFFFOh and thus this area of memory is
usually used for instruction memory¥heucs_ndefaults to an active state at reset with a

memory range fo64 Kbytes (FOO00h to FFFFFh), external ready required, and three wait states
automatically inserted. The upper end of the memory range always ends at FHRE Fbwer

end of this upper memory range is programmalblee value of the UMCS register i98Bh at
reset(see Table 36)

Table 36. Upper-Memory Chip Select Register

15[14]13 12121098 7 |6]|5]4[3]2]1]0
1| 1B2itB0 o] o Jo[o|bAjof1]1]1[R2][RIiRO

. Bit[150 Reserved.Setto 1.

. Bits[14i12]8 LB [210] Y Lower Boundary.Thesebits determine the bottom of the
memory accessed by thes_nchip selects.The UMCS BlockSize Programming Values
shown below listhe possibldlock-size configurationga 512-Kbyte maxmum).

UMCS Block-Size Programming Values
Memory | Starting
Block Size | Address | LB2i LBO | Comments
64K FO000h 111b Default
128K E0000h 110b i
256K C0000h 100b i
512K 80000h 000b i

. Bits[11i 8]0 Reserved.Setto 0

. Bit[7]6 DA Disable Addres¥ Whenset to 1, the address bus is disabled and the
address is not driven on the address bus wiennis asserted, providing some measure
of power saving.When Q the address is driven onto the address &d$5 ad0 during
the address phase of a lmysle whenucs_nis assertedThis bit is set to O at reset.

T If bhe_n/aden_rs held at O during the rising edgeret_n the address bus adways
driven, regardlessf the setting of DA.

. Bit[6]0 Reserved.Setto 0.
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. Bit[5/3]0 Reserved.Setto 1.

. Bit[2]8 R2 Ready Mod& When set to 1, the external ready is ignoréthen 0, an
external ready is required.he value of theebits determines thaumber of wait states
inserted.

. Bits[1i0]& R [1i 0] Wait-State Value¥ The value of these bitsetermines thaumber
of wait sttes inserted into an access toltdse nmemory area. This number ranges from
0to 3 R1iRO = 00b to 11b).

5.1.21 SPOBAUD (088h)
Serial Port BAUD Rate Divsor Registers.
5.1.22 SP1BAUD (018h)

Two baudrate divisor regigrs, one for each port, allaive two ports to perate at different
baud rates. The value in these registers determines the number of internal processor cycles in
one phaseohehalf period) of the 16x serial clock.

The contents of these registers must be adjusted to reflect the new processorqlecicjré
powersave mode is in effect.

The baud rate divisor may be calculated from:
BAUDDIV = (Processor Frequency/(16 x baud rate)) (Equation 2)

By setting the BAUDDIV to 0001h, the maximum baud rate of 1/16 of the intproe¢ssor
frequency clock is set. This provides a baud rate of KE§fesat 40MHz. If the BAUDDIV

is set to zero, transmission or reception of data does not occur. Udheabatolerance is +3.0%
andi 2.5% with respect to the actual serial port baud rate, not the target ba{sgeai@ble7).
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Table 37. Baud Rates

Divisor Based on CPU Clock Rate
Baud Rate | 20 MHz | 25 MHz | 33 MHz | 40 MHz
300 4166 5208 6875 8333
600 2083 2604 3437 4166
1050 1190 1488 1964 2380
1200 1041 1302 1718 2083
1800 694 868 1145 1388
2400 520 651 859 1041
4800 260 325 429 520
7200 173 217 286 347
9600 130 162 214 260
19200 65 81 107 130
28800 43 54 71 86
38400 33 40 53 65
56000 22 28 36 45
57600 22 27 35 43
76800 16 20 26 32
115200 10 13 18 22
128000 9 12 16 19
153600 8 10 13 16
Special 15 MHz | 21 MHz | 24 MHz | 30 MHz
187500 5 7 8 10

The value of the SPOBAUD ar®#P1BAUD registers at reset is 000@ke Table 38)

Table 38. Serial Port Baud Rate Divisor Registers

1514 ]13]12]11]10]9]8[7]6]5]4]3]2]1]0
BAUDDIV

. Bits[15/0]6 BAUDDIV Baud Rate Diviso¥ Defines the divisor for the internal
processor clock.

5.1.23 SPORD (086h) and SP1RD (016h)

Serial Port Receive RegistersData received over the serial ports are stored in these registers
until read. The data are received initially by the receive shift register (no software access)
permitting data to be received while the previous data are being read.

The status of these risters is indicated by tHeDR bit (Receive Data Ready) in the serial port
status registersSetting theRDR bit to 1 indicates that there is valid data in the receive register.
TheRDR bit is clearechutomaticallywhen the receive register is read.
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If handshaking is employed, the control sigres n/enrx_rare deasserted while the receive
register has valid unread daf@hects_n/enrx_rsignal is reasserted after the data in the receive
register is readThe value of the SPORBNASP1RD registers isndefined at resésee

Table39).

Table 39. Serial Port Receive Registers

1514 [13]12]11]10]9]8[7]6]5]4]3]2]1]0
Reserved RDATA

. Bits[15/ 8]0 Reserved

. Bits[7i0]6 RDATAY Holds valid data while the RDR bit of the respective status
register is set.

5.1.24 SPOTD (084h) and SP1TD (014h)

Serial Port Transmit RegistersData is written to these registdrg software with the values to

be transmitted by the serial port. Double briffg of these transmitters allows for the

transmission of data from the transmit shift registers (no software access), while the next data are
written into the transmit registers.

The TEMT andTHRE bits in the respective Serial Port Status registergatelithe status of
these two pairs of registers.

Invoking handshaking requires thiég_n/rtr_ninputs be asserted before the transmitters can send
any data which remain held in the transmit and shift registers without affecting the transmit pin.
The valie of the SPTD registers is undefined at r¢se¢ Table 40)

Table 40. Serial Port Transmit Registers

15]14]13]12]11]10]98]7][6]5]4]|3]2]1]0
Reserved TDATA

. Bits[15 8]0 Reserved
. Bits[7i0]6 TDATA Y Holds the data to be transneitt
5.1.25 SPOSTS (082h) and SP1STS (012h)

Serial Port Status Register. These registers store information concerning the current status of the
respective portsThe value of the SPOSTS aB81STS registers is undefined at résee
Table41).
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Table 41. Serial Port Status Register

1514131211 ] 10 9 8 | 7 6 5 | 4 3 2 110
Reserved BRK1 | BRKO | RB8 | RDR | THRE | FER | OER | PER | TEMT | HSO | Res

. Bits[15/11]6 Reserved

. Bit[10]6 BRK1 Long Break Detected A long break is a low signal level on thed
pin for a period greater thalWP+ 3 bit times where:

M = start bit + number of data bits + parity bits + stop bit (Equation 3)

T Should data reception be in progress when thakistarts, the reception of the
current word will be completed anldet timing for the break wilbegin. Because the
stop bit will not be detected due to the break, this will generate a framing error

T Detection of the break with the 2M + 3 bit time pdrian only be guaranteed if the
break commences outside of a frame.

| Note This bit should be reset by software. |

. Bit [9]8 BRKO Short Break Detected A short break is a low on thed pin for a
period greater than M bit timésee Equation dbovs.

T Should data reception be in progress when the break starts, the reception of the
current word will be completed arlde timing for the break wilbegin. Because the
stop bit will not be detected due to the break, this will generate a framing error.

T Detection of the break with the M bit time period can only be guaranteed if the break
commences outside of a frame.

| Note This bit should be reset by softwar |

. Bit[8]8 RB8 Received B[8] Y This is the ninth dta bit received in modesahd3
(seeSection 5.1.26, SPOCT (080h) and SP1CT (0YL0h)

| Note This bit should be reset by software. |

. Bit[7]6 RDR Receive Data Readyy Whenthis bit is1, it indicates that the respective
SPRD register conitas valid data. This is a reamhly bit and can be resenly by
reading the correspondimgceiveregister.
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. Bit [6]8 THRE Transmit Holding Register Emp¥y When this bit is 1, it indicates that
the correspatiing transmit holding register is ready to adadgta. This is a reaohly
bit.

. Bit [5]8 FERFraming Error Detected When the receiver samples tixel line as low
when a stop bit is expected (line higa)Yraming error is generated setting this bit.

| Note: This bit should be reset by software. |

« Bit [4]8 OER Overrun Error Detectéd When new data overwrites valid data in the
receive register (becausends notbeen read)an overrun error is detected setting this bit.

| Note This bit should be reset by seére. |

. Bit [3]6 PER Parity Error Detected When a parity errois detected in either mode 1
or 3, this bit is set.

| Note This bit should be reset by software.

« Bit[2]8 TEMT Transmitter Emptyy When both the transmit shift register and the
transmit registeare empty, this bit is set indicating to software that it is safe to disable
the transmitter.This bit is reaebnly.

. Bit [1]8 HSO0 Handshake SignalN0 This bit is the inverted value ofs_nand is read
only.

. Bit[0]0 RES Reserved
5.1.26 SPOCT (080h) and SP1CT (010h)

Serial Port ConTrolRegisters.These registers control both transmit and receive parts of the
respective serial portsThe value of the SPOCANdSP1CT registers is 0000h at refsste
Table42).

Table 42. Serial Port Control Registers

15/14]213] 12 | 11 |10 | 9 | 8 7 6 5 4 [ 3]2]1]0
DMA RSIE | BRK | TB8 | FC | TXIE | RXIE | TMODE | RMODE | EVN | PE | MODE

. Bits[15i 13]6 DMA DMA Control FieldY These bits set up the respective ports for use
with DMA transfers ashown below
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DMA Control Bits

DMA Bits | Receive | Transmit
000b No DMA | No DMA
001b DMAO DMA1
010b DMA1 DMAO
011b Reserved | Reserved
100b DMAO No DMA
101b DMA1 No DMA
110b No DMA | DMAO
111b No DMA | DMA1

DMA transfers to both serial ports are destinasgnchronized operations. When the
transmitholding register is empty, a new transfer is requested, corresponding with the
assertion of th@HRE bit in the status register in nddMA mode. However, when
configured for DMA transfers, the respective transmit interrupt is disabled without
regard for thel XIE bit.

DMA transfers from both serial ports are sousg@chronized operations. When the
receiveholding register contains valid @ata new transfer is requested,

corresponding with the assertion of RBR bit in the status register in nddMA

mode. However, when configured for DMA receives, the respective receive interrupt
is disabled without regard for tiRXIE bit. This is despe the fact that thRSIEbit

may still permit receive status interrupts, depending on its setting.

DMA transfers do not preclude the use of hardware handshaking.

If either or both serial ports are configured for DMA transfers, the DMA request is
internally generated and the corresponding external DMA sigded§,and/ordrql
do not play a role.

Bit [12]8 RSIE Receive Status Interrupt Enal¥leWhen an exception occurs during
data reception, an interrupt request is generated if enabled by tHRSHiE= 1).
Interrupt requests are made for the error conditions li&B&K(Q, BRK1, OER, PERand
FER) in the serial port status register.

Bit [11]8 BRK Send Breall When this bit is set to 1, thed pin is driven low
overriding any data that may be in the cowfbkeing shifted out of the transmit shift
register.

Note: See the definitions of long and short break in the Serial Port Status
register definition.
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. Bit[10]8 TB8 Transmit Bit 8Y This is the ninth data bit transmitted when in modes 2
and 3. This bit igleared at each transmitted word and is not buffered. To transmit data
with this bit set high, the following procedure is recommended.

1. TheTEMT bit in the serial port status register must go high.
2. Set theTB8 bit by writing it to the serial port controggister.
3. Write the transmit character to the serial port transmit register.

« Bit[9]6 FC Flow Control Enabl& This bit controls the hardware handshake (flow
control) by enabling it when set to 1, and vice verBae type of flow control depends on
the value of th& NRXO/ENRX1andRTSO/RTS1bits in the AUXCON register.

i SerialPort0 is a specialase in thatif this bit is 1,the associated pins are used for
flow control overriding the Peripheral Chip Select signals.

T This bitis O at reset.

. Bit [8]8 TXIE Transmitter Ready Interrupt Enable This bit enables the geration of
an interrupt requesthenever the &imsmit holding register is emptyHIRE Bit [1]). The
respective port does not generate interrupts when this bit is 0. Interrupts continue to be
generated as long @8$RE and theTXIE are 1.

. Bit [7]8 RXIE Receive Data Ready Interrupt EnalgleThis bit enakes the geeration of
an interrupt requesthenever the receive register contains valid dRoR Bit [1]). The
respective port does not generate interrupts when this bit is 0. Interrupts continue to be
generated as long &R and theRXIE are 1.

. Bit [6]d TMODE Transmit Mode¥ The transmit section of the serial port is enabled
when this bit is 1. Conversely, the transmit section of the serial port is disabled when this
bit is 0.

. Bit [5]6 RMODE Receive Modé&Y The receive section of the serial port is enabled
when this bit is 1.Conversely, the receive section of the serial port is disabled when this
bit is 0.

. Bit [4]8 EVN Even Parityy When this bit is 1, even parity protocol is established.
Conversely, odd parity is established when this bit i$tis bit is valid only whemparity
is enabledRE).

. Bit [3]8 PE Parity Enabl¥ Parity is enabled when this bit is 1 and disabled when this
bit is 0.

. Bit [2i0]6 MODE Mode of OperatiolY These three bits establish the mode of
operation of the respective serial poftie valid modes anttheir functionsare shown
below.
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Serial Port MODE Settings

Data | Parity | Stop
MODE | Description Bits Bits Bits
02 Data Mode 0 7 T 2
1 DataMode 1 | 7or8 | 1or0 1
2 Data Mode 2 9 T 1
3 DataMode 3 | 8or9 | 1or0 1
4 Data Mode 4 7 T 1
5a Data Mode 5 | 7or8 | 1 or0 2
62 Data Mode 6 9 0 2
72 Data Mode 7 | 8or9 | 1or0 2

aThese were originally reserved modes that have
been implemented to provide 2 stop bits.

i Mode 2 requires that the ninth data is set to a 1 s@ifleerwise, the character will be
ignored ly the receiver. The transmit section, however, operates as if it were in
Mode3.

T Thisis designed to facilitate muitliop communication over a common serial data
link. For this purpose, the port in question is initially programmed to mode 2 and for
eachdata received with the ninth bit {B[8]) set as 1.t is compared by software
with a unique identifier for this port. If the identifier comparison does not find a
match, the port is left in mode 2. If the comparison finds an identifier match, the por
should be reprogrammed to mode 3 so that the ninth bit is allowed to be 0.

T Handshaking should only be employed in sachultidrop system by ports that are
exchanging data (mode 3) to prevent multiple ports from attempting to drive the
handshake signaldVlode 2 does not support handshaking for this reason and should
not be enabled. If itis possible that more than 2 ports be configured in mode 3 at the
same time, handshaking should not be implemented.

T Mode 3 allows for 8 data bits if parity is enabledalata bits if parity is not enabled.
If parity is not used, the ninth data bit for the transmit section is set by writing a 1 to
the TB8 bit in the serial port control registdihe ninth bit is read at the receive port
from the RB8 bit in the seriglort status register.

T Mode 4 allows for a start bit, 7 data bits, and a stop bit without parity, which is not
available.

5.1.27 PDATAL (07ah) and PDATAO (074h)

PIO DATA Registers.When a PIO pin is configured as an oufplié value in the
corresponding P10 dateagister bit is driven onto the pitdowever, if the P1O pin is configured
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as an input, the value on the pin is put into the corresponding bit of the PIO data register.
Table43 lists the default states for the PIO pins.

Table 43. PIO Pin Assignments

PIO Number | Associated Pin Name Power-On Reset Status
0 tmrinl Input with pull-up
1 tmroutl Input with pull-down
2 pcs6/A2 Input with pull-up
3 pcs5/Al Input with pull-up
4 dt/r_n Normal operation2
5 den_n/ds_n Normal operation2
6 srdy Normal operationP
7¢ al7 Normal operation2
8¢ al8 Normal operation2
9c al9 Normal operation2
10 tmroutO Normal operation2
11 tmrin0 Input with pull-up
12 drq0/int5 Input with pull-up
13 drql/int6 Input with pull-up
14 mcs0_n Input with pull-up
15 mcsl n Input with pull-up
16 pcsO_n Input with pull-up
17 pcsl n Input with pull-up
18 pcs2_n/ctsl_n/enrx1l_n | Input with pull-up
19 pcs3_n/rtsl n/rtrl n Input with pull-up
20 rtsO_n/rtr0_n Input with pull-up
21 ctsO_n/enrx0_n Input with pull-up
22 txdO Input with pull-up
23 rxd0 Input with pull-up
24 mcs2_n Input with pull-up
25 mcs3_n/rfsh_n Input with pull-up
26¢.d uzi Input with pull-up
27 txd1 Input with pull-up
28 rxdl Input with pull-up
29¢c.d s6/lock_n/clkdiv2_n Input with pull-up
30 int4 Input with pull-up
31 int2/inta0_n/pwd Input with pull-up

aWhen used as a PIO pin, it is an input with an available pull-up option.

bwhen used as a PIO pin, it is an input with an available pull-down option.

CEmulators use these pins. (The s2_ni s0_n, res_n, nmi, clkouta, bhe_n, ale, ad15i ad0, and al6i a0
pins are used by emulators also.)

dif bhe_n/aden_n is held low during POR, these pins revert to normal operation.
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The 32 PIO pins initialize to either 00b or 01b as showrainles 44 and 45 The value of the
PDATA registers is undefined at reset.
Table 44. PDATA O

15[14[13]12]11]10]9]8[7]6]5]4]3]2]1]0
PDATA (151 0)

Table 45. PDATA 1

1514 [13]12]11]10]9]8[7]6]5]4]3]2]1]0
PDATA (31i 16)

. Bits[15/ 0] PDATA [15i 0] PIO Data 0 Bit& This register contains the values of the
bits that are either driven on, or receiveahfr the corresponding PIO pins.efiending
on its configuration each pis either an output or an inputhe values of thesatb
correspond to those in the PIO direction registers and PIO Mode registers.

. Bits[15/ 0] PDATA [31i 16] PIO Data 1 Bit¥ This register contains the values of the
bits that are either driven on, or receiveahf, the corresponding PIO pinBepending
onits configuration each pirsieither an output or an input. The values of these bits
correspond to those in the PIO direction registers and PIO Mode registers

« The PIO pins may be operated as edesin outputs by:
T Maintaining the data constant in the eqgriate bit of the PIO data register.

T Writing the value of the data bit into the respective bit position of the P1O Direction
register, so that the output is either O or disabled depending on the value of the data
bit.

5.1.28 PDIR1 (078h) and PDIRO (072h)

PIO DIRection RegistersEach PIO pin is configured as an input or an output by the
corresponding bit in the PIO direction regidisze Table @).

Table 46. PIO Mode and PIO Direction Settings

PIO Mode | PIO Direction Pin function

0 0 Normal operation

0 1 PIO input with pullup/pulldown

1 0 P10 output

1 1 P10 input without pullup/pulldown
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The value of the PDIRO registsrFCOFh at reset (see Tabi®.4

Table 47. PDIRO

15]14]13]12]11]10]9]8]7]6]5]4]3]2]1]0
PDIR (15i 0)

The value of the PDIR1 registierFFFFh at reset (see Tabi®) 4

Table 48. PDIR1

1514 [13]12]11]10]9]8[7]6]5]4]3]2]1]0
PDIR (31i 16)

. Bits[15i0]8 PDIR [15 0] PIO Direction 0 BitsY For each bit, if the value is the pin
is configured as an inputf 0, as an output. The values of these bits correspond to those
in the PIO data registers and Ri@deregisters.

. Bits[15/0]8 PDIR [31i 16] PIO Direction 1 BitsY For each bit, if the value is the pin
is configuredas an input.If 0, as an output. The values of these bits correspond to those
in the PIO data registers and Pi@deregisters.

5.1.29 PMODEL1 (076h) and PMODEO (070h)

PIO MODE Registers.Each PIO pin is configured as an input or an output by the corresponding
bit in the PIO direction registeiThe bit number of PMOB corresponds to the PIO numbezds
Table 46, PIO Mode and PIO Direction Settingshe valueof the PMODEQegisteris 0000h

at rese(see Tabl&9).

Table 49. PMODEO

15]14]13]12]11]10]98]7]6]5]4]|3]2]1]0
PMODE (15i 0)

The value of th€ MODE1registeris 0000h at reset (see Tabl®.5

Table 50. PMODE1

15[14[13]12]11]10]9]8[7]6]5]4]3]2]1]0
PMODE (31i 16)

. Bits[15/0]6 PMODE [15 0] PIO Mode 0 BitsY For each bit, if the value is the pin
is configured as an inputf 0, an output.The values of these bits correspond to those in
the PIO data registers and PIO Mode registers.
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. Bits[15i0]6 PMODE [31i 16] PIO Mode 1 BitY For eat bit, if the values 1,the pin
is configured as an inputf 0, an output.The values of these bits correspond to those in
the PIO data registers and PIO Mode registers.

5.1.30 T1CON (05eh) and TOCON (056h)

Timer0 and Tmerl Mode andCONtrol Registers.These registers contralhe operation of
Timer0 and Timet, respectively. The value of the TOCON and T1CON registers is 0000h at
reset(see Table b).

Table 51. Timer0 and Timerl Mode and Control Registers

15 14 13 | 12 |11 |/10|9|8 |7 |6| 5 4 3 2 1 0
EN [ INHn | INT | RIU| O | O |O|O|0|0|MC|RTG |P|EXT|ALT | CONT

. Bit[158 EN Enable BitY The timer is enabled when tE bit is 1. The timer count
is inhibited when the EN bit is (5etting this bit to 1 by writing to the T2CON register
requires that thtNHn bit be set tdl during the same write. This bit is wribaly and
can only be written itheINHn bit (Bit [14]) is set to 1 in the same operation.

« Bit[14]8 INHn Inhibit Bit Y Gates the setting of the enabeNj bit. This bit must be
set to 1 in the same write opeoat that sets the enablEN) bit. This bit always reads
aso.

. Bit[13]8 INT Interrupt BitY An interrupt request is generated when the Count register
reaches its maximunh]C = 1, by setting théNT bit to 1. In dual maxcount mode, an
interrupt requestsi generated when the count register reaches the value in maxcount A or
maxcount B. No interrupt requests are generated if this bit is set to 0. If an interrupt
request is generated and then the enable bit is cleared before said interrupt is serviced, the
interrupt request will remain.

. Bit[12]8 RIU Register in Use Bi¥ This bit is set to 1 when the maxcount register B is
used to compare to the timer count value. It is set to 0 when the maxcount compare A
register is used.

. Bits[11i6]0 Reserved.Setto 0

« Bit [5]8 MC Maximum CountY When the timer reaches its maximeount this bit is
set to 1 regardless of the interrupt enable bit. This bit is also set every time maxcount
conmpare register A or B is reachedhen in dual maxcount mode. This bit may be used
by software polling to monitor timer status rather than thihouaterruptsif desired.

. Bit [4]0 RTG Retrigger Bit
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Bit [3]8 P Prescaler BiY P is ignored if external clocking is enabl&X({ = 1). Timer
2 prescales the timer when P is set t@therwise, the timer is incremented on every
fourth CLKOUT cycle.

Bit [2]8 EXT External Clock BifY This bit determines whether an external or irdérn
clock is used.If EXT = 1, an external clock is used.BKT = 0, an internal is used.

Bit [1]8 ALT Alternate Compare Bi¥ If set to 1, the timer will count to maxcount
compare register A, reset the count register to 0, and then count to maxcouatecomp
register B, reset the count register t@d begin again at maxcount compare register A.
If set to O, the timer will count to maxcount compare regiieeset the count register

to 0, and begin again at maxcount compare register A. Maxcount congggster B is

not used in this case.

Bit [0]d CONT Continuous Mode Bi¥ The timer will run continuously when this bit is
setto 1. The timer will stop after each count run BNdwvill be cleared if theCONT bit
issetto 0. ICONT=1 andALT = 1, the respective timer counts to the maxcount
compare A value and resets,thecommences counting to maxcount compare B value,
resets and ceases counting.

5.1.31 T2CON (066h)

Timer2 ModeandCONtrol Registers.This register combls the operation of the Tini&r The
value of the T2CON register is 0000h at réset Table 3).

Table 52. Timer2 Mode and Control Registers

15

14 13 |12 |11|10|(9|8|7|6| 5 |4|3|2|1| O

EN

INHN [ INT | O | O | O |O(O0O|0O|O0O|MC|0O|O|O|O|CONT

Bit [15]8 EN Enable BitY The timer is enabled when tE bit is 1. The timer count

is inhibited when th&N bit is 0. Setting this bit to 1 by writing to the T2CON register
requires that théiNH bit be set to 1 during the same write. This bit is woitdy, but with

theINHn bit set to 1 in the same write operation.

Bit [14]8 INH Inhibit Bit Y Gates the setting of the enab&\j bit. This bit must be
set to 1 in the same write operation that sets the ertaljeb({t. This bit always reads
aso.

Bit [13]8 INT Interrupt BitY An interrupt request is generated when the Count register
reaches its maximunh|C = 1, by setting théNT bit to 1.

Bits[12i 6]0 Reserved.Setto O
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. Bit [5]8 MC Maximum CountY When the timer reaches its maximum cotinis bit is
set to 1 regardless did interrupt enable bit. This bit may be used by software polling to
monitor timer status rather than through interrupts if desired.

. Bits[4i1]0 Reseved. Setto 0.

. Bit [0]d CONT Continuous Mode Bi¥ The timer will run continuously when this bit is
set tol. The timer will stop after each count run & will be cleared if this bit is set
to O.

5.1.32 T2COMPA (062h), TLCOMPB (05ch), TLCOMPA (05ah), TOCOMPB (054h), and
TOCOMPA (052h)

Timer MaxcountCOMpare RegistersThese registers contain the maximum couhie/¢hat is
compared to the spective count register. Timer0O and Tithéave two of these compare
registers each.

If TimerO and/or Timet is/are configured to count and compare firstly to register A and then
register B, the TMROUTO or TMROUT1 signalsagnbe used to generate various dcygle
wave forms.

Timer2 has only one compare register, T2COMPA.

If one of these timer maxcount compare registers is set to 0000h, the respective timer will count
from 0000h to FFFFh before generating an interrupt reqies examplea timer configured in
this manner with a 48MHz clock will interrupt every 6.5536 $.

The value of these registers is 0000h at ressst Table 3).

Table 53. Timer Maxcount Compare Registers

15]14]13]12]11]10]98]7]6]5]4]|3]2]1]0
TC15i TCO

. Bits[15/0]8 TC [15 0] Timer Compare Valu¥ The timer will count to the value in the
respective register before resetting the count value to 0.

5.1.33 T2CNT (060h), TLCNT (058h), and TOCNT (050h)

Timer CouNT Registers.These registarare incremented by one every four internal clock cycles
if the relevant timer is enabled.

The Increment of Timer0O and Tinfemay also be controlled by external signals tmrinO and
tmrinl resgctively, or prescaled by Tini&r
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Comparisons are made betweéba count registers and maxcourgisters and action taken
dependat on achieving the maximum count.

The value of these registers is 0000h at resset Table 4).

Table 54. Timer Count Registers

15]14]13]12]11]10]98]7]6]5]4]3]2]1]0
TC15i TCO

« Bits[15/0]8 TC [15 0] Timer Count Valueé¥ This register has the value of the current
count of the related timer that is incremented every fourth processor clock in internal
clocked mode. Alternativelyhe register is incremented éaime the Time2 maxcount
is reached if using Timer2 as a prescaler. TimerO and Timay be externally clocked
by tmrin0 and tmrinl signals.

5.1.34 SPOCON (044h) and SP1CON (042h) (Master Mode)

Serial Port InterruptCONtrol Registers.These registers control tioperation ofthes e r i a | port
interrupt sourceThe value of these registers is 001Fh at ressst Table 5).

Table 55. Serial Port Interrupt Control Registers

15/14]13]12]12]10]9[8[7]6]5] 4 3 2 1 0
Reserved Res | MSK | PR2 | PR1 | PRO

Bits [15/ 5]0 Reserved.Set to O.

. Bit[4]0 Reserved.Setto 1.

. Bit[3]6 MSK MaskY When 0, thisit enalles the serial port to cause iaterrupt.
When 1 it prevents theerial port from generating amerrupt.

« Bits[2i0]6 PR [2 0] Priority. These b# define the priority of the serial port interrupt in
relation to other interrupt signals. The interrupt priority is the lowesupbireset. The
values of PRPPRO are showbelow
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Values of PR2i PRO by Priority

Priority | PR2i PRO
(High) 0 | 000b
1 001b
2 010b
3 011b
4 100b
5 101b
6 110b
(Low) 7 | 111b

5.1.35 14CON (040h) (Master Mode)

INT4 CONtrol Register. Theint4 signal is intended only for use in fully nested mode and is not
available in cascade mod&he value of the I4CON register is 000Fh at résee Table 6).
Table 56. INT4 Control Register

15/14]13]12]12]10]9[8]7]6]5]| 4 3 2 1 0
Reserved LTM | MSK | PR2 | PR1 | PRO

« Bits[15'5]0 Reserved.Set to 0.

. Bit [4]8 LTM Level-Triggered Modér The int4 interrupt may bedge or level
triggered, depending on the value of the bit. If LTM is 1, int4 is atiigie levet
sensitive interruptlf O, it is a risingedge triggered interrupt. The interrupt int4 must
remain active (high) until serviced.

« Bit [3]8 MSK MaskY The int4 signal canause an interrupt if the MSK bit is 0. The
int4 signal cannot cause an interrupt if the MSK bit is 1.

« Bit[2i0]& PR [2 0] Priority Y These bits define the priority of the serial port interrupt
in relation to other interrupt signals. The interrupt priastthe lowest at dponreset.
The values of PRPRO are showabove

5.1.36 I3CON (03eh) and I2CON (03ch) (Master Mode)

INT2/INT3 CONtrol Register.INT2 and INT3 are designated as interrupt type Oeh and Ofh
respectively.

Theint2 andint3 pins may be configured as the interrupt acknowledge pins inta0 and intal,
respectivelythe signalsn cascade modeThe value of these registers is 000Fh at résset
Table ).
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Table 57. INT2/INT3 Control Register

15[14[13]12]11]10]9]8[7]|6][5] 4 3 2 1 0
Reserved LTM | MSK | PR2 | PR1 | PRO

. Bits[15/5]0 Reserved.Setto O.

« Bit[4]6 LTM Level-Triggered ModeY Theint2 orint3 interrupt may bedge or level
triggered depending on the value of this bit. If LT8VL,int2 or int3is an active high
levelsensitiveinterrupt. If O, it is a risingedge triggered interrupt. The interrupt int2 or
int3 must remain active (high) until acknowledged.

« Bit[3]6 MSK MaskY The int2 or int3 signal can cause an interruphéf MSK bit is 0.
Theint2 or int3 signal cannot cause an interrupt if the MSK bit is 1. The Interrupt Mask
Register has a duplicate of this bit.

. Bit[210]8 PR [2 0] Priority Y These bits define the priority of the serial port interrupt
int2 or int3 in relation to other interrupt signals. The interrupt priority is the lowest at 7
uponreset. The values of PR2RO are showabove

5.1.37 11CON (03ah) and IOCON (038h) (Master Mode)

INTO/INT1 CONtrol Register.lINTO and INT1 are designated as interrupt type Och angd Odh
respectively.

Theint2 andint3 pins may be configured as the interrupt acknowledgeipia®andintal,
respectively, the signals in cascade maotlee value of these registers is 000Fh at resset
Table58).

Table 58. INTO/INT1 Control Register

15]14]13]12[11]10]9[8]7] 6 [5] 4 3 2 1 0
Reserved SFNM | C [ LTM | MSK | PR2 | PR1 | PRO

« Bits[15 7]0 Reserved.Setto 0.

. Bit [6]8 SPNM Special Fully Nested Modé This bit enables fulinestednode for
int0 or intl when set to 1.

. Bit[5]8 C Cascade Mod¥ This bit enables cascade dfor int0 or intl when set
to 1.

« Bit[4]6 LTM Level-Triggered Mode¥ TheintO or intl interrupt may bedge or level
triggered depending on the value of the itLTM is 1, intO or intl is an active high
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levelsensitive interruptlf O, it is a risingedge triggered interrupt. The interruptO or
intl must remain active (high) until acknowledged.

. Bit [3]8 MSK MaskY Theint0 orintl signal can cause an inteptuf the MSK bit is O.
TheintO or intl signal cannot cause an interrupt if the MSK bit is 1. The Interrupt Mask
Register has a duplicate of this bit.

. Bit[2i0]8 PR [2 0] Priority Y These bits define the priority of the serial port interrupt
int0 or intl in relation to other interrupt signals. The interrupt priority is the lowest at 7
at reset. The values of PRZRO are showabove

5.1.38 TCUCON (032h) (Master Mode)

Timer Control Unit InterruptCONtrol Register. The three timers, Timer2, Timerl, and TimerO,
have their interrupts assigned to types 08h, 12h, and 13h and are configured by this fdgaster.
value of these registers is 000Fh at rése¢ Tablé9).

Table 59. Timer Control Unit Interrupt Control Register

15]14]13]12]11]10]9[8[7]6]5]4] 3 2 1 0
Reserved MSK | PR2 | PR1 | PRO

« Bits[15/4]0 Reserved.Set to 0.

« Bit[3]6 MSK MaskY Any of the interrupt sources may cause an interrupt if the MSK
bit is 0. The interrupt sources cannat®a an interrupt if the MSK bit is 1. The Interrupt
Mask Register has a duplicate of this bit.

« Bit[2i0]& PR [2 0] Priority Y These bits define the priority of the serial port interrupts
in relation to other interrupt signals. The interrupt priority esltwest at Tponreset.
The values of PRPRO are showabove

5.1.39 T2INTCON (03ah), TLINTCON (038h), and TOINTCON (032h) (Slave Mode)

Timer INTerruptCONtrol Register.The three timers, Timer2, Timerl, andnBr0, each have
an interrupt control register, whereas in master mode all three are masked and prioritized in one
register (TCUCON).The value of these registers is 000Fh at ressst Table @).

Table 60. Timer Interrupt Control Register

15/14]13]12]11]10]9[8[7]6]5]4]3 2]1]o0
Reserved MSK | PR2i PRO
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. Bits[15/4]0 Reserved. &to 0.

« Bit[3]6 MSK MaskY Any of the interrupt sources may cause an interrupt if the MSK
bit is 0. The interrupt sources cannot cause an interrupt if theht3&1. The Interrupt
Mask Register has a duplicate of this bit.

. Bit[210]8 PR [2 0] Priority Y These bits define the priority of the serial port interrupts
in relation to other interrupt signals. The interrupt priority is the lowestipbiireset.
The values of PRPRO are showabove

5.1.40 DMALCON/INT6CON (036h) and DMAOCON/INTSCON (034h) (Master Mode)

DMA andINTerruptCONtrol Register.The DMAO and DMAL interrupts have interrupt type
Oah and Obfrespedtely. These pins are configured as external interrupts or DMA requests in
the respective DMA Control registefhe value of these registers is 000Fh at rssst

Table6l).

Table 61. DMA and Interrupt Control Register (Master Mode)

15]14]13]12]11]10]9]8]7]6]5]4] 3 [2]1]0
Reserved MSK | PR2i PRO

« Bits[15/4]0 Reserved.Set to 0.

« Bit[3]6 MSK MaskY Any of the interrupt sources may cause an interrupt if the MSK
bit is 0. The interrupt sources cannot cause an interrupt if the M31bitThe Interrupt
Mask Register has a duplicate of this bit.

« Bits[2i0]8 PR [2 0] PriorityY These bits define the priority of the serial port interrupts
in relation to other interrupt signals. The interrupt priority is the lowestipbiireset.
Thevalues ofPR2 PRO are showabove

5.1.41 DMALCON/INT6 (036h) and DMAOCON/INTS (034h) (Slave Mode)

DMA andINTerruptCONtrol Register The two DMA control registers maintain their original
functions and addressitigatthey possessed in Master Modghese pins are configured as
external interrupts or DMA requests in the respective DMA Control regi$ter.value of these
registers is 000Fh at reqste Table B).

Table 62. DMA and Interrupt Control Register (Slave Mode)
15]14]13]12]11]10]9]8]7]6]5]4] 3 [2]1]0

Reserved MSK | PR2i PRO
Innovasic?® 1A21105090219 http://www.innovasic.com
UNCONTROLLED WHEN PRNTED OR COPIED Customer Support:

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


http://www.innovasic.com/

IA186ES/IA188ES Data Sheet
8-Bit/16-Bit Microcontrollers November 15, 2011

. Bits[15/4]0 Reserved.Setto O.

« Bit[3]6 MSK Ma s kAnyof the interrupt sources may cause an interrupt if the MSK
bit is 0. The interrupt sources cannot an interrupt if the MSK bitis 1. The Interrupt
Mask Register has a duplicate of this bit.

. Bits[2i10]6 PR[20]Pr i o rThesebitsdefine the priority of the serial port interrupts
in relation to other interrupt signals. The interrupt priority isloeest at 7uponreset.
The values of PRPRO are showabove

5.1.42 INTSTS (030h) (Master Mode)

INTerruptSTatuS Register The Interrupt status register contains the interrupt request status of
each of the thregmers, Timer2, Timerl, and Time(8ee Table ).

Table 63. Interrupt Status Register (Master Mode)

15 14]13]12]11]10]9]8]7]6]5][4]3]2 |1 Jo
DHLT Reserved TMR2i TMRO

. Bit[15]8 DHLT DMA Halt Y DMA activity is halted when this bit is 1. Itis setto 1
automatically when any nemaskable interrupt occurs and is cleared to O when an IRET
instruction is executed. terrupt handlers and other tirsatical software may modify
this bit directly b disable DMA transfers. However, tB¢LT bit should not be
modified by software if the timer interrupts are enabled as the function of this register as
an interrupt request register for the timers would be compromised.

« Bits[14i 3]0 Reserved.

« Bits[2i0]8 TMR [2i 0] Timer Interrupt Reque When any of these bits is 1
apending interrupt request isdicated by the respective timer.

Note: TheTMRDbit in theREQSTregister is a logical OR dhese timer
interrupt requests.

5.1.43 INTSTS (030h) (Slave Mode)

WhenNMIs occurthe interrupt statusegister controls DMA operation and the interrupt request
status of each of the three timers, Timer2, Timerl, and Ti(sefTable #).

Table 64. Interrupt Status Register (Slave Mode)

15 14131211 ]10]9]8]7]6]5][4]3]2 |1 Jo
DHLT Reserved TMR2i TMRO
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Bit [15]8 DHLT DMA Halt Y DMA activity is halted when this bitis 1. Itis setto 1
automatically when any nemaskable interrupt occurs and is cleared to O when an IRET
instruction is executed. Interrupt handlers and other time critical software may modify
this bit directly b disable DMA transfers. However, tB¢LT bit should not be

modified by software if the timer interrupts are enabled as the function of this register as
an interrupt request register for the timers would be compromised.

Bits [14i 3]0 Reserved.

Bit [21 0]8 TMR [2i 0] Timer Interrupt Requedt A pending interrupt request is
indicated by the respective timer, when any of these bits is 1.

Note: TheTMRbit in theREQSTregister is a logical OR dhese timer
interrupt requests.

5.1.44 REQST (02eh) (Master Mode)

InterruptREQUEST Register. This isa readonly register and such a read results in the status of
the interrupt request bits presented to the interrupt contrdltee. REQST register is undefined
on rese(see Table B).

Table 65. Interrupt Request Register (Master Mode)

15/14]13]12]12] 10 ] 9 [8|7]|6]|5]4] 3 2 1 0

Reserved SPO [SP1 |14 |13 |12 |11 |10 | D1/I6 | DO/I5 | Res | TMR

Bits [15 11]0 Reserved.

Bit [10]8 SPO Serial Port O Interrupt Requ¥stThis is the serial port 0 interrupt state
and when enabled is the logical OR of all theadgort O interrupt sourceSHRE, RDR,
BRK1, BRKO, FER, PER, and OER.

Bit [9]8 SP1 Serial Port 1 Interrupt Requ¥stThis is the serial port 1 interrupt statedan
when enabled is the logical OR of all theigleport 1 interrupt source$HRE, RDR,
BRK1, BRKO, FER, PER, and OER.

Bits [8i 4]8 | [410] Interrupt Request¥ When any of these bits is set tatlindicates
that the relevant interrupt has a pending infgtr

Bit [3]8 D1/I6 DMA Channel 1/Interrupd RequestY When set to Jit indicates that
either the DMA channel 1 or int6 has a pending interrupt.

Bit [2]d DO0/I5 DMA Channel O/Interrupt 5 Requéét When set to Jit indicates that
either the DMA channel Or int5 has a pending interrupt.
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. Bit[1]0 Reserved.

« Bit [0]8 TMR Timer Interrupt Reque&t This is the timer interrupt state and is the
logical OR of the timer interrupt requests. When set tbiddicates that the timer
control unit has a pending intapt.

5.1.45 REQST (02eh) (Slave Mode)

This readonly registeresults in the status of interrupt request bésgpresentedo the
interrupt controller. The status of these bits is available when this register is read. This register
is readonly.

When an irg¢rnal interrupt requesb@/16, DO/15, TMR2, TMR1 or TMRO) occurs, the
respective bit is set to 1. The internally generated interrupt acknowledge resets thédwebits.
REQST register contains 0000h on rgsee Table 6).

Table 66. Interrupt Request Register (Slave Mode)

15/14]13]12]12]10]9]8]7]6] 5 4 3 2 1 0
Reserved TMR2 | TMR1 | D1/16 | DO/I5 | Res | TMRO

. Bits[15'6]0 Reserved.

. Bit [5]8 TMR2 Interrupt Request¢ When set to 1, it indicates that TirRdras a
pending interrupt.

. Bit [4]d TMR1 Interrupt Request¢ When set to it indicates thafimerl has a
pending interrupt.

. Bit [3]8 D1/I16 DMA Channel 1/Interrupt 6 Requeét When set to it indicates that
either the DMA channel 1 ant6 has a pending interrupt.

. Bit [2]8 DO/I5 DMA Chamel O/Interrupt 5 Request When set to it indicates that
either the DMA channel 0 ant5 has a pending interrupt.

. Bit[1]0 Reserved.

» Bit [0]6 TMRO Timer Interrupt Requet When set to lit indicates that Timérhas a
pending interrupt.

5.1.46 INSERYV (02ch) (Master Mode)

IN-SERMce Register. The interrupt controller sets the bits in this register when the interrupt is
taken. The INSERYV register contains 0000h on ressst Table B).
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Table 67. In-Service Register (Master Mode)

15/14)13]12]12] 0] 9 |[8|7]|6]|5]|4] 3 2 1 0
Reserved SsPo | sP1|14]13]12]11]10 | D1n6 | DO/I5 | Res | TMR

. Bits[15/11]6 Reserved.
« Bit[10]8 SPO Serial Port 0 Interrupt Requ¥stThis is theSerial PorD interrupt state.
. Bit [9]8 SP1 Serial Port 1 Interrupt Requ¥sfThis is theSerial Portl interrupt state.

. Bits[8i4]8 | [4i0] Interrupt Requesté When any of these bits is set tatlindicates
that the relevant interrupt hagpending interrupt.

. Bit [3]6 D1/16 DMA Channel 1/Interrupt 6 Requéét When set to it indicates that
either the DMA channel 1 ant6 has a pending interrupt.

. Bit [2]6 DO/I5 DMA Channel 0/Interrupt 5 Requeést When set to 1 it indicates that
either theDMA channel 0 oint5 has a pending interrupt.

. Bit[1]0 Reserved.

. Bit[0]d TMR Timer Interrupt Requedt This is the timer interrupt state and is the
logical OR of the timer interrupt requests. When set tbiddicates that the timer
control unit has pending interrupt.

5.1.47 INSERV (02ch) (Slave Mode)

This readonly register results in the status of interrupt requesbkitsgpresented to the
interrupt controller. The status of these bits is available when this register is read.qiBtés re
is readonly.

When an internal interrupt requeBtl{16, DO/I5, TMR2, TMR1 andTMRO) occurs, the
respective bit is set to 1. The internally generated interrupt acknowledge resets th&dwebits.
REQSTregister contains 0000h on re¢ste Tablé8).

Table 68. In-Service Register (Slave Mode)

1514 [13]12]11]10]9[8]7]6] 5 4 3 2 1 0
Reserved TMR2 | TMR1 | D1/16 | DO/I5 | Res | TMRO

. Bits[15'6]0 Reserved.

. Bit[5]8 TMR2 Timer2 Interrupt In Servic¥ Timer2 is being serviced when this bit is
setto 1.
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 Bit [4]8 TMR1 Timerl Interrupt IN Servic¥ Timerl is being serviced when this bit is
setto 1.

. Bit [3]8 D1/16 DMA Channel Interrupt 6 In Servié¢ DMA channel 1 oiint6 is being
serviced when this bit is set to 1.

. Bit [2]8 DO/I5 DMA Channel Interrupt 5 IN Seice Y DMA channel 0 oiint5 is being
serviced when this bit is set to 1.

. Bit[1]0 Reserved.

« Bit [0]& TMRO Timer Interrupt In Servic¥ Timer0 is being serviced when this bit is
setto 1.

5.1.48 PRIMSK (02ah) (Master and Slave Mode)

PRIority MaSK Register Thisregister contains a value that sets the minimum priority k!
amaskablenterruptmust have to generate enterrupt. The PRIMSK register contains 0007h
on rese(see Tabl&9).

Table 69. Priority Mask Register

1514131211 ]10]9]8]7]6]5]4|3] 2] 1]0
o|/o[o[o]o]ofo]o][o]o]o]|o0]o0]|PRM2iPRMO

. Bits[15 3]0 Reserved.Set to 0.

.« Bits[2i0]& PRM [2i O] Priority Field MaskY This threebit field sets the minimum
priority necessary for a maskable interrupt to generate amupt. Any maskable
interruptwith a numerically higher value than that contained by these three bits, are
masked.The values of PRPRO0 are showabove

i Any unmasked interrupt may generate an interrupt if the priority level is set to 7.
However, by way of exampld, the priority level is seto 4,only unmasked
interrupts with a priority of O to 5 are peitted to generate interrupts.

5.1.49 IMASK (028h) (Master Mode)

InterruptMASK Register. The interrupt mask register is read/write. Setting a bit in this register
is effectively the same as setting M&K bit in the corresponding interrupt control register.
Setting a bit to 1 masks the interrupt. The interrupt request is enabled when the corresponding
bit is set to 0.The IMASK register contains 07fdh on re¢ste Table ().
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Table 70. Interrupt MASK Register (Master Mode)

15/14)13]12]12] 0] 9 |[8|7]|6]|5]|4] 3 2 1 0
Reserved SsPo | sP1|14]13]12]11]10 | D1n6 | DO/I5 | Res | TMR

. Bits[15/11]6 Reserved.

. Bit[10]8 SPO Serial Port 0 Interrupt Ma8k Setting this bit to 1 is an indication that the
serial port O interrupt is masked.

« Bit[9]8 SP1 Serial Port 1 Interrupt Ma8k Setting this bit to 1 is an indication that the
serial port O interrupt is masked.

. Bits[8i4]8 | [4i 0] Interrupt MaskY When anyof these bits is set tq it is an
indication that the relevant interrupt is masked.

. Bit [3]6 D1/16 DMA Channel 1/Interrupt 6 Mask Setting this bit to lis an indication
that either the DMA channel 1 on6 interrupt is masked.

. Bit[2]6 DO/I5 DMA Channel O/Interrupt 5 Mask When set to it indicates that either
the DMA channel 0 oint5 interrupt is masked.

. Bit[1]0 Reserved.

. Bit [0]d TMR Timer Interrupt Mask/  When set to [it indicates that the timer control
unit interrupt is masked.

5.1.50 IMASK (028h) (Slave Mode)

The interrupt mask register is read/write. Setting a bit in this repiatethe effeadf setting the
MSK bit in the corresponding interrupt control register. Setting a bit to 1, masks the interrupt
request. The interrupt request is leled when the corresponding bit is set toTbe IMASK
register contains 003dh on re¢ste Table 7).

Table 71. Interrupt MASK Register (Slave Mode)

15]14]13]12]11]10]9]8]7]6] 5 4 3 2 1 0
Reserved TMR2 | TMR1 | D1/16 | DO/I5 | Res | TMRO

. Bits[15'6]0 Reserved.

« Bit[5]6 TMR2 Timer2 Interrupt Mask This bit provides the state of the mask bit in
the Timer Interrupt Control register. When set to 1, it indicates that the interrupt request
is masked.
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« Bit [4]8 TMR1 Timerl Interrupt MaskK This bit provides the state of the mask bit in
the Timer Interrupt Control register. When set to 1, it indicates that the interrupt request
is masked.

« Bit [3]6 D1/16 DMA Channel Interrupt 6 MasK This bit provides the state of the mask
bit in the DMA channel @r int5 Interrupt Control register. When set to 1, it indicates
that the interrupt request is masked.

. Bit [2]8 DO/I5 DMA Channel Interrupt 5 MasK This bit provides the state of the mask
bit in the DMA channel 1 ant6 Interrupt Control register. Wheset to 1, it indicates
that the interrupt request is masked.

. Bit [0]& TMRO Timer Interrupt Mask/ This bit provides the state of the mask bit in the
Timer Interrupt Control register. When set to 1, it indicates that the interrupt request is
masked.

5.1.51 POLLST (026h) (Master Mode)

POLL STatus RegisterThis register reflects the current state offtbé registerand can be read
without affecting its contentddowever, the current interrupt is acknowledged and replaced by
the next interrupt whetie poll regigeris read. The poll status register is readly (see

Table72).

Table 72. POLL Status Register

15 |14]13[12]11 10|98 7]6[5]4]3]2]1]0
IREQ Reserved S471 S0

. Bit[158 IREQ Interrupt Requesf This bit is set to 1 when an interrupt is pending and
during this state, th84i SObits contain valid data.

. Bits[14i 6]0 Reserved.

. Bit[510]8 S [5i0]Poll Statusy These bits show the interrupt type of the highest
priority pending interrupt.

5.1.52 POLL (024h) (Master Mode)

POLL Register. The current interrupt is acknowledged and replaced by the next interrupt when
the poll register is readlThe poll status register reflects the current state gbolieegister and
can be read without affecting its contentdhepoll register is reawnly (see Tabl&'3).
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Table 73. Poll Register

15 [14[13[12]12]10[9]8[7]6]5]4[3[2]1]0
IREQ Reserved S4i SO

. Bit [15]8 IREQ Interrupt RequesY This bit is set to 1 when an interrupt is pending and
during this state, th84i SObits contain valid data.

. Bits[14i6]0 Reserved.

. Bit[4i0]8 S [4i 0] Poll StatusY These bits show the interrupt type of the highest
priority pending interrupt.

5.1.53 EOI (022h) End-Of-Interrupt Register (Master Mode)

The In Service flags of th&ISERYV register are reset when a write is made to the EOI register.
The interrupt service routine (ISR) should write to the EOI to reset the IS bit, INSIERYV
register, for the interpt before executing an IRET instruction than ends an interrupt service
routine. Because it is the most secure, the spekEifid reset is the preferred method for resetting
the IS bits. The EOI register is writenly (see Table Z).

Table 74. End-Of-Interrupt Register

15 |14]13[12]11]10]98]7][6]5]4]3]2]1]0
NSPEC Reserved S41 SO

. Bit[158 NSPEQNon-Specific EOIY Whenset to 1 this bit is a norspecific EOI.
When Q it indicates the specific EOI.

. Bits[14i 5]0 Reserved.

« Bit [4i 0]8 S[470] Source Interrupt Typ¥ These bits show the interrupt type of the
highest priority pending interrupt.

5.1.54 EOI (022h) Specific End-Of-Interrupt Register (Slave Mode)

SpecificEnd-Of-Interrupt RegisterAn In Senice flag of a specific priorityn theINSERV

register is reset when a write is made toEKH register.A threebit, usersupplied prioritylevel
value points to the #service bit that is to be reset. Writing this value to this register resets the
specific bit. Because it is the most seeuthe specific EOI reset is the preferred method for
resetting the IS bitsThe EOI register is writenly and undefined at res@ee Table 5).

Table 75. Specific End-Of-Interrupt Register

15]14]13]12]11]10]9[8]7]6]5]4]3]2]1]0
o/oJoJo]oJoJoJo[oJo]o[o]o] L2iLO
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. Bits[15 3]0 Reserved Write as 0.

« Bit[2i0]& L [2i0] Interrupt TypeY The priority or the IS (interrupt service) bit to be
reset is encoded in these thres bi\Vriting to these bits causim® issuance of an EOI
for the interrupt type (se€able 14 Interrupt Typek

5.1.55 INTVEC (020h) Interrupt Vector Register (Slave Mode)

The CPU shifts left 2 bitd.€., itmultiplies by 4) an it interrupt type, generated by the
interrupt cotroller, to produce an offset into the interrupt vector tafilee INTVEC register is
undefined at res¢tee Table 6).

Table 76. Interrupt Vector Register

1514131211 |10]9]8]7]6]5]4]3]2]1]0
ojlo[o[ofofo]o]o T4i TO ojo]o

. Bits [15 8]0 Reserved.Read as 0.

. Bits [713]8 T [4i 0] Interrupt TypeY These five bits contain the five most significant
bits of the types used for the internal interrupt. The least significant three bits of the
interrupt type are supplied by the interrupibtoller, as set by the priority level of the
interrupt request.

« Bits [2i 0]0 Reserved.Read as 0.
52 Reference Documents

Additional information on the operation and programming ofl 8186ES/IA188EScan be
found in the followingAMD publications:

« AMI1B6™ES and AM188*ESUs er 0 s (PMMialicatioa 21096)

« AmI186™ES/ESLV and Am18BES/ESLV Preliminary Data Sheg@ublication 20002)
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6. AC Specifications

Table77 andTable78 presenthe alphabetiand numeridkeysto waveform parameters
respectively Figure 12presents the read cycl€igure 13presents thenultiple read cycles.
Table79 presents the read cycle timingigure 14presents the write cycleTable80 presents
the wrie cycle timing. Figure 15presents the multiple write cycles.

Figure 16presents the PSRAMad cycle.Table & presents theSRAMread cycle timing.
Figure 17presentshe PSRAM write cycle.Table & presents the PSRAM write cycle timing.
Figure 18presents ta PSRAM refresh cycleTable & presents the PSRAM refresh cycle
timing. Figurel19 presents the interrupt ackniagge cycle.Table & presents the interrupt
acknowledge cycle timingFigure 20presents tl software halt cycleTable & presents the
software halt cycle timingFigure21 presents the active modE€igure 22presents the power
save mode.Table86 presents the clock timing.

Figure 23presents the srdysynchronous readyrigure 24presents the ardyasynchronous
ready. Figure 25presents the peripheral§.able87 presents the ready and ipéreral timing.
Figure26 andFigure27 present Reset 1 ameset2, respectively.Figure28 andFigure29
present the bus hold entering and bus hold leaving, respectivabye88 presents the reset and
bus hold timing.

Table 77. Alphabetic Key to Waveform Parameters

No. Name Description Min? Max?
49 | tARYCH | ardy Resolution Transition Setup Time 9 T

51 | tARYCHL| ardy Inactive Holding Time 6 T

52 | tARYLCL| ardy Setup Time 9 i

87 | tAVBL a Address Valid to whb_n/wlb_n Low tCHCL-1.5 tCHCL
14 | tAVCH ad Address Valid to Clock High 0 T

12 | tAVLL ad Address Valid to ale Low tCHCL i

66 | tAVRL a Address Valid to rd_n Low tCLCL+tCHCL )

65 | tAVWL a Address Valid to wr_n Low tCLCL+CHCL )

24 | tAZRL ad Address Float to rd_n Active 0 T

45 | tCH1CH?2| clkouta Rise Time 0 3
68 | tCHAV clkouta High to a Address Valid 0 8
38 | tCHCK | x1 High Time 7.5 i

44 | tCHCL clkouta High Time tCLCL/2 I

67 | tCHCSV | clkouta High to Ics_n/usc_n Valid 0 9
18 | tCHCSX | mcs_n/pcs_n Inactive Delay 0 12
22 | tCHCTV | Control Active Delay 2 0 10
64 | tCHCV Command Lines Valid Delay (after Float) 0 12
63 | tCHCZ Command Lines Float Delay 0 12

8ln nanoseconds.
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Table 77. Alphabetic Key to Waveform Parameters (Continued)

No. Name Description Min? Max?
8 | tCHDX Status Hold Time 0 )
9 | tCHLH ale Active Delay 0 8
11 | tCHLL ale Inactive Delay 0 8
79 | tCHRFD | clkouta High to rfsh_n Valid 0 12
3 | tCHSV Status Active Delay 0 6
69 | tCICOA | x1 to clkouta Skew i 25
70 | tCICOB | x1 to clkoutb Skew T 35
39 | tCKHL x1 Fall Time T 5
36 | tCKIN x1 Period 25 66
40 | tCKLH x1 Rise time i 5
46 | tCL2CL1 | clkouta Fall Time T 3
50 | tCLARX | ardy Active Hold Time 4 )
5 | tCLAV ad Address Valid Delay 0 12
6 | tCLAX Address Hold 0 12
15 | tCLAZ ad Address Float Delay 0 12
43 | tCLCH clkouta Low Time tCLCL/2 T
37 | tCLCK x1 Low Time 7.5 i
42 | tCLCL clkouta Period 25 T
80 | tCLCLX | lcs_n Inactive Delay 0 9
81 | tCLCSL | lcs_n Active Delay 0 9
16 | tCLCSV | mcs_n/pcs_n Inactive Delay 0 12
30 | tCLDOX | Data Hold Time 0 i
7 | tCLDV Data Valid Delay 0 12
2 | tCLDX Data in Hold 0 T
62 | tCLHAV | hlda Valid Delay 0 7
82 | tCLRF clkouta High to rfsh_n Invalid 0 12
27 | tCLRH rd_n Inactive Delay 0 10
25 | tCLRL rd_n Active Delay 0 10
4 | tCLSH Status Inactive Delay 0 6
48 | tCLSRY | srdy Transition Hold Time 3 )
55 | tCLTMV | Timer Output Delay 0 12
83 | tCOAOB | clkouta to clkoutb Skew 3 1
20 | tCVCTV | Control Active Delay 1 T 10
31 | tCVCTX | Control Inactive Delay 0 10
21 | tCVDEX | den_n Inactive Delay 0 9
17 | tCXCSX | mcs_n/pes_n Hold from Command Inactive tCLCH T
98 | tDSHDIW| ds_n High to Data Invalid (Write) 0 tCHCL
41 | tDSHLH | ds_n Inactive to ale Inactive tCLCH T

aln nanoseconds.
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Table 77. Alphabetic Key to Waveform Parameters (Continued)

No. Name Description Min? Max?
1 | tDVCL Data in Setup 10 T
19 | tDXDL den_n Inactive to dt/r_n Low 0 )
58 | tHVCL hid Setup Time 10 )
53 | tINVCH | Peripheral Setup Time 10 T
54 | tINVCL | drq Setup Time 10 T
86 | tLCRF Ics_n Inactive to rfsh_n Active Delay 2tCLCL T
23 | tLHAV ale High to Address Valid 7.5 )
10 | tLHLL ale Width tCLCH-5 T
13 | tLLAX ad Address Hold from ale Inactive tCHCL T
61 | tLOCK Maximum PLL Lock Time T 0.5
84 | tLRLL Ics_n Precharge Pulse Width tCLCL+tCLCHH )
57 | tRESIN | res_n Setup Time 10 )
85 | tRFCY rfsh_n Cycle Time 6tCLCL )
29 | tRHAV rd_n Inactive to ad Address Active tCLCL )
59 | tRHDX rd_n High to Data Hold on ad Bus 0 )
28 | tRHLH rd_n Inactive to ale High tCLCH )
26 | tRLRH rd_n Pulse Width tCLCL i
47 | tSRYCL | srdy Transition Setup Time 10 )
35 | tWHDEX | wr_n Inactive to den_n Inactive tCLCH )
34 | tWHDX | Data Hold after wr_n tCLCL )
33 | tWHLH | wr_n Inactive to ale High tCLCH )
32 | tWLWH | wr_n Pulse Width 2tCLCL i
2n nanoseconds.
Table 78. Numeric Key to Waveform Parameters
No.| Name Description Min& Max@
1 | tDVCL |Datain Setup 10 T
2 | tCLDX |Data in Hold 0 T
3 | tCHSV |[Status Active Delay 0 6
4 | tCLSH [Status Inactive Delay 0 6
5 | tCLAV |ad Address Valid Delay 0 12
6 | tCLAX |Address Hold 0 12
7 | tCLDV |Data Valid Delay 0 12
8 | tCHDX |[Status Hold Time 0 T
9 | tCHLH |ale Active Delay 0 8
10 | tLHLL  jale Width tCLCH-5 i
11 | tCHLL jale Inactive Delay 0 8
12 | tAVLL |ad Address Valid to ale Low tCLCH T
13 | tLLAX  |ad Address Hold from ale Inactive tCHCL T

aln nanoseconds.
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Table 78. Numeric Key to Waveform Parameters (Continued)

No.| Name Description Min2 Max?@
14 | tAVCH Jad Address Valid to Clock High 0 T
15 | tCLAZ |ad Address Float Delay 0 12
16 | tCLCSV |mcs_n/pcs_n Inactive Delay 0 12
17 | tCXCSX | mcs_n/pces_n Hold from Command Inactive tCLCH T
18 | tCHCSX mcs_n/pcs_n Inactive Delay 0 12
19 | tDXDL |den_n Inactive to dt/r_n Low 0 T
20 | tCVCTV |[Control Active Delay 1 0 10
21 | tCVDEX |den_n Inactive Delay 0 9
22 | tCHCTV (Control Active Delay 2 0 10
23 | tLHAV [ale High to Address Valid 7.5 T
24 | tAZRL  |ad Address Float to rd_n Active 0 T
25 | tCLRL  |rd_n Active Delay 0 10
26 | tRLRH |rd_n Pulse Width tCLCL T
27 | tCLRH |rd_n Inactive Delay 0 10
28 | tRHLH |rd_n Inactive to ale High tCLCH T
29 | tRHAV [rd_n Inactive to ad Address Active tCLCL T
30 | tCLDOX |Data Hold Time 0 T
31 | tCVCTX |[Control Inactive Delay 0 10
32 | tWLWH wr_n Pulse Width 2tCLCL T
33 | tWHLH |wr_n Inactive to ale High tCLCH T
34 | tWHDX |Data Hold after wr_n tCLCL T
35 | tWHDEX | wr_n Inactive to den_n Inactive tCLCH T
36 | tCKIN x1 Period 25 66
37 | tCLCK  [x1 Low Time 7.5 T
38 | tCHCK [x1 High Time 7.5 T
39 | tCKHL [x1 Fall Time T 5
40 | tCKLH [x1 Rise time T 5
41 | tDSHLH [ds_n Inactive to ale Inactive tCLCH i
42 | tCLCL  [clkouta Period 25 T
43 | tCLCH [clkouta Low Time tCLCL/2 T
44 | tCHCL |clkouta High Time tCLCL/2 T
45 | tCH1CH2| clkouta Rise Time T 3
46 | tCL2CL1 | clkouta Fall Time T 3
47 | tSRYCL |srdy Transition Setup Time 10 T
48 | tCLSRY |srdy Transition Hold Time 3 T
49 | tARYCH lardy Resolution Transition Setup Time 9 T
50 | tCLARX Jardy Active Hold Time 4 T
51 | tARYCHL| ardy Inactive Holding Time 6 T
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Table 78. Numeric Key to Waveform Parameters (Continued)

No.| Name Description Min2 Max?@
52 | tARYLCL |ardy Setup Time 9 T
53 | tINVCH |Peripheral Setup Time 10 T
54 | tINVCL |drg Setup Time 10 )
55 | tCLTMV [Timer Output Delay 0 12
57 | tRESIN [res_n Setup Time 10 T
58 | tHVCL |hld Setup Time 10 )
59 | tRHDX [rd_n High to Data Hold on ad Bus 0 T
61 | tLOCK |Maximum PLL Lock Time T 0.5
62 | tCLHAV |ida Valid Delay 0 7
63 | tCHCZ |Command Lines Float Delay 0 12
64 | tCHCV |Command Lines Valid Delay (after Float) 0 12
65 | tAVWL |a Address Valid to wr_n Low tCLCL+CHCL T
66 | tAVRL |a Address Valid to rd_n Low tCLCL+tCHCL T
67 | tCHCSV [clkouta High to Ics_n/usc_n Valid 0 9
68 | tCHAV [clkouta High to a Address Valid 0 8
69 | tCICOA [x1 to clkouta Skew i 25
70 | tCICOB [x1 to clkoutb Skew i 35
79 | tCHRFD [clkouta High to rfsh_n Valid 0 12
80 | tCLCLX [lcs_n Inactive Delay 0 9
81 | tCLCSL ([Ics_n Active Delay 0 9
82 | tCLRF [clkouta High to rfsh_n Invalid 0 12
83 | tCOAOB [clkouta to clkoutb Skew 3 11
84 | tLRLL Ics_n Precharge Pulse Width tCLCL+CLCH )
85 | tRFCY [rfsh_n Cycle Time 6tCLCL )
86 | tLCRF [Ics_n Inactive to rfsh_n Active Delay 2tCLCL )
87 | tAVBL [a Address Valid to whb_n/wlb_n Low tCHCL-1.5 tCHCL
98 | tDSHDIWds_n High to Data Invalid (Write) 0 tCLCL
99 | tPLAL  |pcs Low to ale Low T tCLCH
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Table 79. Read Cycle Timing

No. | Name | Description | Min2 | Maxa
General Timing Requirements
1 | tDvCL Data in Setup 10 T
2 | tCLDX Data in Hold 0 T
General Timing Responses
3 | tCHSV Status Active Delay 0 6
4 | tCLSH Status Inactive Delay 0 6
5 | tCLAV ad Address Valid Delay 0 12
6 | tCLAX Address Hold 0 12
8 | tCHDX Status Hold Time 0 T
9 | tCHLH ale Active Delay 0 8
10 | tLHLL ale Width tCLCH-5 i
11 | tCHLL ale Inactive Delay 0 8
12 | tAVLL ad Address Valid to ale Low tCLCH T
13 | tLLAX ad Address Hold from ale Inactive tCHCL T
14 | tAVCH ad Address Valid to Clock High 0 T
15 | tCLAZ ad Address Float Delay 0 12
16 | tCLCSV mcs_n/pcs_n Inactive Delay 0 12
17 | tCXCSX mcs_n/pcs_n Hold from Command Inactive tCLCH T
18 | tCHCSX mcs_n/pcs_n Inactive Delay 0 12
19 | tDXDL den_n Inactive to dt/r_n Low 0 T
20 | tCVCTV Control Active Delay 1 0 10
21 | tCVDEX den_n Inactive Delay 0 9
22 | tCHCTV Control Active Delay 2 0 10
23 | tLHAV ale High to Address Valid 7.5 T
99 | tPLAL pcs Low to ale Low T tCLCH
Read Cycle Timing Responses
24 | tAZRL ad Address Float to rd_n Active 0 T
25 | tCLRL rd_n Active Delay 0 10
26 | tRLRH rd_n Pulse Width tCLCL T
27 | tCLRH rd_n Inactive Delay 0 10
28 | tRHLH rd_n Inactive to ale High tCLCH T
29 | tRHAV rd_n Inactive to ad Address Active tCLCL T
41 | tDSHLH ds_n Inactive to ale Inactive tCLCH T
59 | tRHDX rd_n High to Data Hold on ad Bus 0 T
66 | tAVRL a Address Valid to rd_n Low tCLCL+tCHCL T
67 | tCHCSV clkouta High to lcs_n/usc_n Valid 0 9
68 | tCHAV clkouta High to a Address Valid 0 8
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Table 80. Write Cycle Timing

No. | Name | Description Min2 Maxa
General Timing Requirements

1 | tbvCL Data in Setup 10 T

2 | tCLDX Data in Hold 0 i
General Timing Responses

3 | tCHSV Status Active Delay 0 6

4 | tCLSH Status Inactive Delay 0 6

5 | tCLAV ad Address Valid Delay 0 12

6 | tCLAX Address Hold 0 12

8 | tCHDX Status Hold Time 0 i

9 | tCHLH ale Active Delay 0 8
10 | tLHLL ale Width tCLCH-5 T
11 | tCHLL ale Inactive Delay 0 8
12 | tAVLL ad Address Valid to ale Low tCLCH i
13 | tLLAX ad Address Hold from ale Inactive tCHCL i
14 | tAVCH ad Address Valid to Clock High 0 T
15 | tCLAZ ad Address Float Delay 0 12
16 | tCLCSV mcs_n/pcs_n Inactive Delay 0 12
17 | tCXCSX mcs_n/pcs_n Hold from Command Inactive tCLCH T
18 | tCHCSX mcs_n/pcs_n Inactive Delay 0 12
19 | tDXDL den_n Inactive to dt/r_n Low 0 T
20 | tCVCTV Control Active Delay 1 0 10
21 | tCVDEX den_n Inactive Delay 0 9
22 | tCHCTV Control Active Delay 2 0 10
23 | tLHAV ale High to Address Valid 7.5 T
99 | tPLAL pcs Low to ale Low T tCLCH
Write Cycle Timing Responses

30 | tCLDOX Data Hold Time 0 T
31 | tCVCTX Control Inactive Delay 0 10
32 | tWLWH wr_n Pulse Width 2tCLCL T
33 | tWHLH wr_n Inactive to ale High tCLCH T
34 | tWHDX Data Hold after wr_n tCLCL T
35 | tWHDEX wr_n Inactive to den_n Inactive tCLCH T
41 | tDSHLH ds_n Inactive to ale Inactive tCLCH T
65 | tAVWL a Address Valid to wr_n Low tCLCL+tCHCL T
67 | tCHCSV clkouta High to Ics_n/usc_n Valid 0 9
68 | tCHAV clkouta High to a Address Valid 0 8
87 | tAVBL a Address Valid to whb_n/wlb_n Low tCHCL-1.5 tCHCL
98 | tDSHDIW ds_n High to Data Invalid (Write) 0 tCLCL

a8ln nanoseconds.
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