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789323/373/393

16-BT DIGITAL

SGNAL PROCESSORS

FEATURES

DSP ROM OTP DSP RAM Max Core Package 44-Pin 68-Pin 44-Pin 80-Pin 100-Pin
Device (K Words) (K Words) (Words) MIPS Device PLCC PLCC QFP QFP QFP
7289323 8 512 20 7289323 (] O g g
7289373 8 512 16 7289373 (] O g g
789393 64* 512 20 789393 O
* External
m Operating Temperature Ranges: On-Board Peripherals

*C to +70C (Standard)

—40°C to +85C (Extended) m  4-Channel, 8-Bit Analog to Digital Converter (A/D)

m  4.5- to 5.5-Volt Operating Range m  On-Board Serial Peripheral Interface (SPI)
DSP Core m  Up to 40 Bits of Programmable 1/O
m 20 MIPS @ 20 MHz, 16-Bit Fixed Point DSP m  Two Channels of Programmable

Pulse Width Modulators (PWM)

m 50 ns Instruction Cycle Time

m  Three General-Purpose Timer/Counters
m  Single-Cycle Multiply and ALU Operations

m  Two Watch-Dog Timers (WDT)
m  Two Internal Data Buses and Address Generators

m  Programmable PLL
m  Six Register Address Pointers

m  Three Vectored Interrupts Servicing Eight
m  Optimized Instruction Set (30 Instructions) Interrupt Sources

m  Power-Down and Power-On Reset

GENERAL DESCRIPTION

The 789323/373/393 DSP family of products builds onvarious peripherals, such as a high-speed 4-channel, 8-bit
Zilog's first generation Z893XX DSP core, integrating severaA/D, an SPI, three timers with PWM and WDT support, the
peripherals especially well suited for cost-effective voiceZ893X3 family provides a compact system solution and
telephony, and control applications. reduces overall system cost.

These DSP devices feature a modified Harvard architectufeo support a wide variety of development needs, the
supported by one program bus and two on-chip datd893X3 DSP product family features the cost-effective
buses. This bus structure is supported by two addres&89323 with 8 Kwords of on-chip ROM, and the 789373, a
generators and six register pointers to ensure that thE-MIPS OTP version of the 7289323, ideal for prototypes
20 MIPS DSP CPU is continually active. and early production builds. For systems requiring more

than 8 Kwords of program memory, the Z89393 device can
The Z893X3 DSP family is designed to provide a completeaddress up to 64 Kwords of external program memory.
DSP and control system on a single chip. By integrating
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. 789323/373/393
@ZIL‘E PRELIMINARY 16-BIT DIGITAL SIGNAL PROCESSORS

GENERAL DESCRIPTION (Continued)

The Z893X3 DSP family is 100 percent source and objectNotes: _ _ _
code compatible with the existing 289321/371/391 devicesh!l Signals with a preceding front slash, "/", are active Low, e.g.,
providing users, who can benefit from increased integratiof//W (WORD is active Low); /B/W (BYTE is active Low, only).

and reduced system cost, an easy migration path from org)e ) ol ional descrioti below:
DSP product to the next. ower connections follow conventional descriptions below:

Connection Circuit Device
Throughout this specification, references to the 789323
device applies equally to the 289373 and Z89393, unless Power Vee Voo
otherwise specified. Ground GND Vss

Program
ROM/OTP Data RAMO Data RAM1 Port 0
PD0-15 8192x16 256x16 256x16 16-Bit
D Program [«—— /EXTEN
/O — EA0-2
PAO-15 l«—> EXTO0-15/P00-15
I PADDR ——» /DS
IPAZ l—— WAIT
— RD//WR
<«— ANO
l«— AN1
[«— AN2
[«— AN3
HALT [} [} Port 1
— >
ADDR | ADDR <« P10-17
/ROMEN
GENO | GEN1 or
/RES [ INT2
8-Bit /10
CLKI > — CLKOUT
«—— SIN
CLKO' Program : . — SOUT
AGND Control Arlthmetl_c > sk
—> Unit Logic Unit oS
ANVCC (ALU) «—>
e l«e—— UI0-1
VALO ‘ 16-Bit Timer,
> Counter Port 2
VALI Accumulator r
e l«—> P20-27
VSS L 16-Bit Timer, or
’ Counter, PWM
VDD «—— U2
16-Bit Ti 8-Bit /0
-Bit Timer,
Counter, PWM —> U00-2
<—— INTO-1
SPI
Port 3
4 Inputs je«—— P30-33
4 Outputs p——» P34-37

Figure 1. Z893X3 Functional Block Diagram
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789323/373/393

N 2iL05 PRELIMINARY 16-BIT DIGITAL SIGNAL PROCESSORS
PIN DESCRIPTION
o < M N
= S 3 % o =
2 s 33 2¢2°¢
0 < o & =z = = =
EWUEEESOEEER®
X 0 X X X 4 0 X X X O
w > w w w o > w w w >
OO OO ririri
/6 5 4 3 2 1 44 43 42 41 40
EXT3/P03 [ 7 ° 39 [ /ReS
EXT4/P04 []8 38 [ 1 WAIT
vss []o9 37 [1 p24/u02
EXT5/P05 [] 10 36 |1 P22/u00
EXT6/P06 [ 11 35 [ cLko
ExT7/P07 [] 12 4i8232§/|_3;36 34 [ cLki
INTL/P21 [] 13 N 33 [ s
EXT8/P08 [] 14 32 [1 p23u01
EXT9/P09 []15 31 [ EA2
vss []16 30 |1 ea1
EXT10/PO10 []17 29 |1 EAO
18 19 20 21 22 23 24 25 26 27 28
EEEERERERERERERERN
9 F 00 29 O o 00 x
5372722288 ¢
= z z B
'_
x
Ll
Figure 2. 44-Pin PLCC Z89323/373 Pin Configuration
Table 1. 44-Pin PLCC Z89323/373 Pin Description
No. Symbol Function Direction No. Symbol Function Direction
1 P20INTO Port20/InterruptO InOutput B AL ADInput1 Input
2 EXT12/P012 ExtData12/Port012 IOutput 24 AR ADInput2 Input
3 EXT13P013 ExtData13/Port013 I/Output 5 A8 ADInput3 Input
4 EXT14P014 ExtDatal14/Port014 IOutput % AWMIC AnalogPower Input
5 Vg Groud Z o\ Poner
6 EXT15P015 ExtData15/Port015 IOuitput 3 ROMR RMWExtemalBus Output
7 EXT3P ExtData3/Port03 IOuitput D HBO ExtAddressO Output
8 EXT4P04 ExtData4/Port04 IOuitput I B ExtAddress1 Output
9 4 Goud a1 B ExtAdaress2 Output
10 EXT5P6G ExtData5/Port05 IOuitput 2 P3O Port23/UserOutput1 InOutput
N EXTeP06 ExtData6/Port06 In/Output B 0S ExtDataStrobe Output
2 EXTIPO7 ExtData7/Port07 In/Output I} AK Clock/Crystalln Input
13 P2INT1 Port2 l/interrupt1 INOuput FH  AKO Clock/CrystalOut Input
4 EXT8P08 ExtData8/Port08 In/Output ¥ P2UO Port22/UserOutput0 InOutput
5 EXT9PM ExtData9/Port09 In/Output I PAU2 Port24/UserOutput2 InOutput
BV Goud B VAT WaitforExt Input
7  EXTI0P010 ExtData10/Port010 InOutput P RS Reset Input
B8 EXTUPOLL ExtDatal11/Port011 I/Ouitput D\ Groud
9 vAH AnalogHighRef. Input 4 EXTOP0 ExtData0/Port00 IOutput
D \O AnalogLowRef. Input L  EXTIPOL ExtData1/Port01 IOutput
2. AGND AnalogGround Input B EXT2P2 ExtData2/Port02 IOutput
2 AD ADInput0 Input 4\ Groud
DS95DSP0101 Q4/95 3



789323/373/393

@ZIL‘E PRELIMINARY 16-BIT DIGITAL SIGNAL PROCESSORS
PIN DESCRIPTION (Continued)
0 < M N 5
— — — —
o o © O o @] N d O
a a [ A
I3 < ® Sz 54 a o a
CwuECQoLCESaSnoblELao
O X 0 X 0O X X & 990 3 X X x 00
Z W > wWw > wWwwaoaooao >0 wWwww > >
EEEEEEEEEEnEnEnEEEnEnEnEnEnEnEnEn|
/9876543216867666564636261\

NC [ 10 60 |1 vss
ExT3/P03 [ 11 o 59 [ /RES
EXT4/P04 [] 12 58 [ WAIT

vss [] 13 57 |1 P25/UI2

vDD [] 14 56 [ ] P22/U00
EXT5/PO5 [] 15 55 [] P26
souTt/P13 [ 16 54 ] CLKO
EXT6/PO6 [] 17 53 [] CLKI

289323/373
ssip14 [ 18 68-Pin PLCC 52 [ P24/U02
EXT7/PO7 [ 19 51 [ /bs
SK/P15 [ 20 50 [ P23/UO1

P27 ] 21 49 [ vDD
EXT8/PO8 [] 22 48 [] NC
EXT9/PO9 [] 23 47 O EA2

vss [ 24 46 [ EA1

EXT10/P010 [] 25 45 [ EAO
vss [ 26 44 [] HALT
\_ 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 /
NN RN EEpEEEEEEE
:{ Q T 0 g (@] ; [a)] % E‘ % 2 )] r_‘ O O
e 9 <¥%adazzcz8z ez
= S > d g Sz a
pa =) D N < o
x
w

Figure 3. 68-Pin PLCC 289323/373 Pin Configuration
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789323/373/393

N 2iLas PRELIMINARY 16-BIT DIGITAL SIGNAL PROCESSORS
Table 2. 68-Pin PLCC 289323/373 Pin Description
No. Symbol Function Direction No. Symbol Function Direction
1 P12/SIN Port12/SerialInput InOutput H AD ADInput0 Input
2 P20INTO Port20/InterruptO InOutput I Al ADInputl Input
3 EXTI2P012  ExtDatal2/Port012 InOutput I AR ADInput2 Input
4 EXTI3P013  ExtDatal3/Port013 InOutput 3B AB ADInput3 Input
5 \[D Poner DV Goud
6 EXT14P014  ExtDatal4/Port014 IOutput 40 P2INTL Port2 Vinterruptl IOutput
7 Vg Groud 4 ANCC AnalogPower Input
8 EXTI5P015  ExtDatal5/Port015 InOutput 2 N, Poner Input
9 NC NoConnection 3 RDMR RMWExtemalBus Output
10 NC NoConnection X HAT HaltExecution Input
n  EXT3PB ExtData3/Port03 InOuitput 5 HO ExtAddressO Ouiput
2 EX14PM ExtData4/Port04 InOuitput 5 Hl ExtAddressl Output
B\ Ground rrg B ExtAddress2 Output
VA Poner Vi3] NC NoConnection
5  EXTHPB ExtData5/Port05 InOuitput DV, Poner
b  P1ISOUT Port13/Serial Output InOutput D PRUCL Port23/UserOutput1 IOutput
7 EXTeP06 ExtData6/Port06 InOutput 5 DBS ExtDataStrobe Ouiput
B8  PUSS Port14/Serial Select IOutput 2 P2AUR2 Port24/UserOutput2 IOutput
9 EXTPO7 ExtData7/Port07 IOutput B 4K Clock/Crystalin Input
D PIHXK Port15/SerialClock IOutput 5% aKO Clock/CrystalOut Input
2 P Port27 IOutput %5 P5 Port26 IOutput
2  EXT8P38 ExtData8/Port08 IOutput %  P2U00 Port22/UserOutputO IOutput
B EXT9PM ExtData9/Port09 IOutput 5  P2UR Port25/UserIinput2 IOutput
24 Vg Ground B WAT WaitforExt Input
5  EXTI0POI0  ExtDatal0O/Port010 In/Ouitput p» R Rest Input
5\ Ground 0V Ground
77  BEXTUPOIL  ExtDatall/Port011 In/Ouitput a V Poner
B\ Poner & Vg Ground
D2 VA AnalogHighRef. Input 6B  EXIOP0 ExtDataO/Port00 In/Ouitput
DV Ground &  EXTIFOL ExtDatal/Port01 InOutput
3 P16UI0 Port16/UserInputO IOutput & EXT2P02 ExtData2/Port02 InOutput
2 WO AnalogLowRef, Input & P1OINT2 Port10/Interrupt2 InOutput
3B P171UIL Port17/Userlnputl IOutput & Vg Ground
3 ANG\D AnalogGround Input ] PICLKOUT  Port11/ClockOutput InOutput
DS95DSP0101 Q4/95 5
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16-BIT DIGITAL SIGNAL PROCESSORS

PIN DESCRIPTION (Continued)

EXT3/P03 [T 1|
EXT4/P04 [T |
vss [TT1 1
EXT5/P05 [T 1|
EXT6/PO6 [T 1 |
ExT7/PO7 [T
INT/P21 [T
EXT8/PO8 [T 1 |
EXTo/PO9 [ TT ]
vss 11
EXT10/P010 [TT |

VSS

[ 11 1 EXT14/P014
[ T1 1 EXT2/P0O2

2]
%
>

[ T T 1 EXT15/P015
[ TT1T 1

[ 11 EXT13/P013
[T 1 1 EXT12/P012
[ T T 1 P20/INTO

[ TT 1 EXT1/PO1
[ TT 1 EXTO/POO
1T 1 vss

N\

/

44 43 42 41 40 39 38 37 36 35 34

789323/373
44-Pin QFP

© 0o N o 0o N~ W N P

P e
F o

N

N}

33
32
31
30
29
28
27
26
25
24
23

13 14 15 16 17 18 19 20 21 22

vaLo [ TT |
ANGND [T

o d o m
zZ Z =z Z
< < <<

EXT11/P011 [T
VAHI [T ]

o
o
>

ANvCC [TT]
RD/WR [T

[ TT 1 /RES

[ T1 1 wWAIT

[ T T 1 P24/u02
[ TT 1 P22/UOO
[ T1 1 CLKo
[ T1 1 CLK1

[ TT1 1 /ps

[ TT 1 p23uo1
| TT 1EA2

| TT 1EAL

[ TT 1 EA0

Figure 4. 44-Pin QFP Z89323/373 Pin Configuration

Table 3. 44-Pin QFP Z89323/373 Pin Description

No. Symbol Function Direction No. Symbol Function Direction
1 EXT3P03 ExtData3/Port03 InOutput 3 BO ExtAddressO Output
2 EXT4P04 ExtData4/Port04 InOutput 24 B ExtAddress1 Output
3 Vg Ground 5 BR ExtAddress2 Output
4 EXTSPB ExtData5/Port05 InOutput 5 P2UCL Port23/UserOutput1 InOutput
5 EXT6P06 ExtData6/Port06 InOutput Z bBs ExtDataStrobe Output
6 EXT7P07 ExtData7/Port07 InOutput B3 AK Clock/Crystalln Input
7 P21ANTL Port21/Interrupt1 In/Output ] axko Clock/CrystalOut Input
8 EXT8P8 ExtData8/Port08 InOutput P P2U0 Port22/UserOutputO I/Ouitput
9 EXT9P ExtData9/Port09 InOutput A PAUC2 Port24/UserOutput2 I/Ouitput
0V Goud 2 WAT WaitforExt Input
1 EXTI0P010 ExtData10/Port010 INOutput 3 RS Rest Input
2 EXTUIPOL ExtDatal1/Port011 INOutput AV Groud

3 VAH AnalogHighRef. Input H BEXOPO ExtData0/Port00 IOutput
¥ WO AnalogLowRef, Input ¥ EXTIPOL ExtData1/Port01 INOutput
5 ANG\D AnalogGround Input I EXT2P2 ExtData2/Port02 InOutput
B AD ADInput0 Input 3\ Ground

7 Al ADInputl Input ?) P20INTO Port20/InterruptO InOutput
B AR ADInput2 Input L9 EXT12P012 ExtData12/Port012 InOutput
9 A8 ADInput3 Input 4 EXT13P013 ExtData13/Port013 InOutput
D AMC AnalogPower Input L EXT14P014 ExtDatal14/Port014 InOutput
2\ Poner B8V Groud

2 ROWR RMWExtemalBus Oulput 4 EXTISP015 ExtData15/Port015 InOutput

»
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16-BIT DIGITAL SIGNAL PROCESSORS

NC [CTT1]
EXT15/P015 [T 1 |
JEXTEN [T1}
Ne [TT1]
Extapoz LT |
P32 1T
EXT4/P04 [ TT1 ]
vss [TT1}
vee 11
ExT5/Po5 [ 11 |
P13/souT [TT1 ]
EXTe/PO6 [T 1 |
P14/ss 1T 1
ExT7/P07 [T1 ]
P15/sK [TT 1}
p27 111
ExTepos [ TT1 ]
ExTo/PO9 [TT1 ]
vss 111

P33 111

80 |11 pa1
79 Vss
78 EXT14/P014

77 VCC

76 [ TT1 1 EXT13/P013
75 111 exT12/P012
74 [ITT1 p20iNTO
73 [T1T 1 P12/siN
72 [ TT1 ] Pi1/CLKOUT
71 vss
70 [ TT11 P10/NT2
69 111 exT2/P02
68 |11 1 exTyPo1
67 |—_TT 1 EXTO/POO
66 [ TT1T 1 P30
65 | TT1 1 vss
64 1T 1 NC
63 1T 1 vcc
62 VSS

oo oo o6l IRES

/

1 01T pa7

2 @ 9 [ T1T 1 waT

3 8 T 1 p2siui2
4 7 111 p22iu00
S 56 [_T1T 1 P26

6 55 _T1 1 cLko

7 54 [ TT 1 ciki

8 53 [ITT1 P24/u02
9 52 [-I1 /os

10 80%2313(22?:P 51 [CITT 1 p23uo1
= 50 [T vec

12 49 [ TT 1 ne

13 48111 ea2
14 47111 EA1
15 46[TT 1 P36
16 45011 1 EAo
17 44111 HALT
18 43|11 nc

19 42| T11 p3s5

20 41 [ TT1 ] RDIWR

EXT10/P010 [ TT |21
vss [IT 22

NC [CTT1 )23

P3a [TT1 ]24
EXT11/P01L [ TT |25

Figure 4a.

vee [CIT1]26
vaHl [TT1]27
vss [TT )28
P16/UI0 [T T ]29
VALO [TT |30
P17/UIl [TI1 |31
ANGND [T 32
ANO [TT133
AN1 [CITT134
AN2 [TT 35
AN [TT 36
vss 1137
INTL/P21 [ TT1 |38
ANvce [ TT1T 139
vce [CITT1]40

80-Pin QFP 289323/373 Pin Configuration

DS95DSP0101 Q4/95
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@ZIL‘E PRELIMINARY 16-BIT DIGITAL SIGNAL PROCESSORS

PIN DESCRIPTION (Continued)
Table 4a. 80-Pin QFP Z89323/373 Pin Description

No. Symbol Function Direction No. Symbol Function Direction
1 NC NoConnection 41 ROMWR RWEXxtemalBus Ouiput
2 EXT15P015 ExtDatal5/Port015 InOutput L Ph Port35 Ouiput
3 EXTEN ExtEnable Input B N NoConnection

4 NC NoConnection 4 HAT HaltExecution Input

5 EXT3P03 ExtData3/Port03 InOutput 5 HBEO BxtAddress0 Ouiput
6 P2 Port32 Input 6 PH Port36 Ouiput
7 EXT4P4 ExtData4/Port04 InOutput 0 Bl BxtAddress1 Ouiput
8 Vg Groud B B2 BxtAddress2 Ouiput
9 Vo, Poner H N NoConnection

0 EXTHP®B ExtData5/Port05 InOutput DV Poner

1 P1ISOUT Port13/Serial Output IOutput 5  P23UCL Port23/UserOutputl InOutput
© EXTeP06 ExtData6/Port06 IOutput 2 DS BExtDataStrobe Ouiput
13 PUSS Port14/Serial Select IOutput B PAUR2 Port24/UserOutput2 InOutput
¥ EXTIPO7 ExtData7/Port07 IOutput 5% OK Clock/Crystalln Input
5  PIEXK Port15/SerialClock IOutput % akKO Clock/CrystalOut Input
b PZ Port27 IOutput % P5 Port26 InOutput
7 EXT8P8 ExtData8/Port08 IOutput 5  P2U00 Port22/UserOutputO InOutput
18  EXT9PM ExtData9/Port09 IOutput B  PAUR2 Port25/UserInput2 InOutput
BV Groud D AT WaitforExt Input
D P3B Port33 Input @® P Port37 Ouiput
21  EXT10P010 ExtData10/Port010 InOutput 6 RS Rest Input
2 Vg Goud & Vg Ground

3 NC NoConnection 8 Poner

2 P Port34 Output & NC NoConnection

5 BEXTIPOL ExtDatal11/Port011 InOutput B Ground

& A/ Poner 69) P30 Port30 Input
Z VA AnalogHighRef. Input 6  EXTOP00 ExtData0O/Port00 InOutput
B Vg Groud 8 EXTIP0L ExtDatal/Port01 InOutput
y.2) P16UI0 Port16/UserInputO InOutput ® EXT2P02 ExtData2/Port02 IOutput
D VAO AnalogLowRef. Input 0 P1OINT2 Port10/Interrupt2 IOutput
a1 PL7uUL Port17/UserInputl InOutput L Vg Ground

2 AGND AnalogGround Input I/ PICLKOUT  Port11/ClockOutput InOutput
3 AD ADInput0 Input 3 P12/SIN Port12/SerialInput InOutput
I AL ADInputl Input ! P20INTO Port20/InterruptO InOutput
d AR ADInput2 Input B EXTI2P012 ExtDatal2/Port012 InOutput
I AB ADInput3 Input ®  EXT13P013 ExtDatal3/Port013 InOutput
IV Groud (/"N Poner

3B P2UNT1 Port2 Vinterruptl InOutput B  EXT14P014 ExtDatal4/Port014 InOutput
P AMC AnalogPower Input BV Ground

D vV, Poner Input et P3L Port31 Input

8 DS95DSP0101 Q4/95
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16-BIT DIGITAL SIGNAL PROCESSORS

N

100 [TT 1 /paz

JEXTEN [T
ExT3/P03 [T 1]
Pas [TT |
ExT4/P04 [ TT |
PAa9 [TT |
vss [ 11
vbp [ TT1]
ExT5/P0s [ 11 |
PA10 [ TT |
souT/p13 [ TT1 ]
EXT6/PO6 [T 1 |
PA1l [T |
ssiP14a [ T1_|
ExT7/Po7 1T ]
Sk/P15 [T ]
p27 [ TT ]
PA12 [TT ]
ExT8/Po8 [T |
PA13 [TT |
ExTo/Po9 [TT1 ]
PA14 [T ]
vss 111
PA15 [ TT ]
EXT10/P010 [T T ]
vss 1T}

© oo N b wNEE

NNOMNNNNRRRRRRERRPER
O R WON PO O®~NOO O WN PO

99 | TT ] EXT15/P015

98 [ IT 1 pa7

97 [IT11 vss

96 |1 1 pas

95 [TT 1 ExT14/P14
94 [TT1 vbp

93 | TT 1 EXT13/P013
92 |11 pas

91 [ TT 1 EXT12/P012
90 1T 1 pas

89 [ TT1T 1 p20/NTO
88 |11 1 pi2/sIN
87 [TT1 piir/cLKOUT
86 [ TT1 1 vss

85 [ TT1 1 Pa3

84 [TT1 P10/NT2
83 [T ExT2/P02
82 111 pa2

81 [T extupro1

789393
100-Pin QFP

80 [ TT 1PA1

79 | __TT 1 EXTO0/POO

78 [TT1T 1 PAo

77 [TT1 vss

76 | TT1 1 vbD

75
74
73
72
71
70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
53
52
51

[ TT1 1 vss

[ TT 1 /RES
1T 1 PD15
1T 1 waIT

[ T1 1 Pp14

[ TT 1 p2s/ui2
[ TT1 1 pp13

[ T T 1 P22/UO0O
[ TT1 1 pp12

[ TT 1 P26

[ TT1 1 cLko

[ TT1 1 cLkl

[ TT1 1 p24/uo2
[ TT1 1 pPD11

[ T1 1 /ps

[ TT 1 P23/uo1
[ TT1 1 pp10
[ T1 1 vbD

[ TT1 1 /ROMEN
[ TT 1 EA2

[ TT 1 PD9

[ TT 1 EAL
1T 1 PD8

[ TT 1 EAO

[ TT 1 HALT

poo [T | 26
ExT1/PO1L [ TT | 27

pp1 [TT | 28
vbbp [TT1T 1 29
VAHI [T1T ] 30

vss (119 31
ulo/Pie [ TT | 32
vaLo 117 33
uiPl7 11| 34
pp2 [TT1T] 35
ANGND [TT1] 36
ANO [TT1 37
AN1 [TT 38
AN2 [TT 1 39
AN3 [TT 1 40
vses [T1] 41
INTL/P21 [ TT | 42
ANvCcCc [TT 1 43
PD3 [CTT | 44
vbb [T1 ] 45

Figure 5. 100-Pin QFP 289393 Pin Configuration

PD4 [TT | 46
pps [TT1 | 47
RD/WR [TT | 48

pDe [TT | 49
pPD7 [ IT |50

DS95DSP0101 Q4/95



N 2L

PRELIMINARY

789323/373/393
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PIN DESCRIPTION (Continued)
Table 4. 100-Pin QFP Z89393 Pin Description

No. Symbol Function Direction No. Symbol Function Direction
1 EXTEN EXTEnabe Input 5  HAT HaltExecution Input

2 EXT3P03 ExtData3/Port03 InOutput 2 HBHO ExtAddressO Output
3 Pr8 ProgramAddress8 Output 3 FB8 ProgramData8 Input

4 EXT4P04 ExtData4/Port04 InOutput 5% R ExtAddress1 Output
5 Pro ProgramAddress9 Output % F> ProgramData9 Input

6 Vg Gound 5 B2 ExtAddress2 Output
7 Vo Poner 5%  ROVEN ROMEneble Input

8 EXTSP5 ExtData5/Port05 InOutput B\ Poner

9 PA1I0 ProgramAddress10 Ouiput P PDO ProgramDatal0 Input
10 P13SOUT Port13/Serial Output InOutput @  P23UOL Port23/UserOutput1 I/Ouitput
N EXTeP06 ExtData6/Port06 InOutput 6 DS ExtDataStrobe Output
r PAIL ProgramAddress11 Output (6% PDI1 ProgramDatall Input
13  PUSS Port14/Serial Select InOutput 8 P2UO2 Port24/UserOutput2 InOutput
u EXT7PO7 ExtData7/Port07 InOutput # aK Clock/Crystalln Input
5 P Port15/SerialClock InOutput & QKo Clock/CrystalOut Input
B PZ Port27 InOutput 6 P» Port26 InOutput
7 PA2 ProgramAddress12 Output 6  PDI2 ProgramData12 Input
18  EXT8P® ExtData8/Port08 InOutput 8 P2U00 Port22/UserOutputO InOutput
© PA3 ProgramAdaress13 Output ®@ PDI3 ProgramData13 Input
D EXT9P® ExtData9/Port09 InOutput 0 P2UR Port25/UserInput2 I/Output
2 PAI4 ProgramAddress14 QOuiput l PD14 ProgramDatal4 Input
2 Vg Ground 2 WAT WaitforExt Input
3 PAIS ProgramAddress15 Output 3 PDI5 ProgramData15 Input
2 EXT10P010 ExtData10/Port010 InOutput b B Reset Input
5V Gound BV Groud

5 FDO ProgramData0 Input Fs) vy Poner

7 EXTIPOIL ExtData11/Port011 InOutput m Vg Groud

B DL ProgramDatal Input B PO ProgramAddress0 Ouiput
D\ Poner ®  EXTOP0 ExtData0/Port00 InOutput
D vAH AnalogHighRef. Input tS4) PAL ProgramAddress1 Ouiput
/R VAN Grourd 8  EXTiP0L ExtDatal/Port01 I/Output
K2 P16UI0 Port16/UserInputO In/Output & P2 ProgramAddress2 Output
3 WO AnaogLowRef. Input 8 E2P®R ExtData2/Port02 I/Output
K P1701L Port17/UserInputl In/Output & P10INT2 Port10/Interrupt2 IOutput
K3) (2D ProgramData2 Input & PA3 ProgramAddress3 Output
¥ ACGD AnalogGround Input & Vg Groud

I AD ADInput0 Input &  PLICKOUT  Portl1/ClockOutput I/Output
3 Al ADInput1 Input 8 P12/SIN Port12/SerialInput IOutput
I AR ADInput2 Input & P20INTO Port20/InterruptO IOutput
0 A8 ADInput3 Input D PM ProgramAddress4 Output
a Vg Goud A EXT12P012 ExtData12/Port012 In/Ouitput
L P21ANTL Port21/Interrupt1 InOutput @ PS5 ProgramAddress5 Output
B AWML AndlogPower Input B  EXT13P013 ExtDatal3/Port013 In/Ouitput
“ [2D¢] ProgramData3 Input A Vo Poner

5\ Poner % EXT14P014 ExtDatal4/Port014 In/Ouitput
56 ™ ProgramData4 Input £3) Pr6 ProgramAddress6 Output
a7 Fo6 ProgramData5 Input xJV Groud

8 RDMR RMWExtemalBus Output B PA7 ProgramAddress7 Output
sl FD6 ProgramData6 Input D EXT15P015 ExtDatal5/Port015 IOutput
D Fo7 ProgramData7 Input 10 PAZ TristateProgramBus Input

DS95DSP0101 Q4/95
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PIN FUNCTIONS

CLKO-CLKI Clock (output/input). These pins act as the Priority is: INT2 = lowest, INTO = highestNpte: INT2 pin
clock circuit input and output. is not bonded out on the 44-pin QFP or PLCC packages.)

EXT15-EXTO External Data Buginput/output) These pins /RES Reset(input, active Low). This pin controls the
act as the data bus for user-defined outside registers, suabynchronous reset signal. The /RES signal must be kept
as an ADC or DAC. The pins are normally tri-stated, exceptow for at least one clock cycle (clock output of the PLL
when the outside registers are specified as destinatidriock). The CPU pushes the contents of the Program
registers in the instructions. All the control signals exist tadCounter (PC) onto the stack and then fetches a new PC
allow a read or a write through this bus. If user I/O Port Gvalue from program memory address OFFCH (or FFFCH for
is enabled, these signals function as user Programmalilee Z89393) after the reset signal is released.
I/0.

WAIT WAIT State (input). The wait signal is sampled at the
RD//WR Read/Write Strobe(output). This pin controls the rising edge of the clock with appropriate setup and hold
data direction signal for the EXT-Bus. Data is availabletimes. The normal write cycle will continue when wait is
from the CPU on EXT15-EXTO when this signal is Low. EXT- inactive on a rising clock. A single wait-state can be
Bus is in input mode (high-impedance) when this signal igenerated internally by setting the appropriate bits in the
High. wait state register (Bank 15/Ext 3) (active high).

EA2-EAQ0 External Addresgoutput). These pins control P00-P015 Port O (input/output). These pins control Port 0
the user-defined register address output (latched). One wofput and output when EXT I/F is not in use.

eight user-defined external registers is selected by the

processor with these address pins for read or writ€10-P17 Port 1 (input/output). These pins are used for
operations. Since the addresses are part of the proces&urt 1 programmable bit I/O when INT2, CLKOUT, SPI, or
memory map, the processor is simply executing interndllO-1 are not being used.

reads and writes. External Addresses are used internally

by the processor if the ADC, bit /O (Port 0- 2), or SPI areP20-P27 Port 2 (input/output). These pins control Port 2
enabled. (See the banks allocation of the EXT registers imput or output when Ul2, UOO-2 or INTO-INT1 are not
Tables 6 and 7.) being used.

/DS Data Strobe (output). This pin control the data strobe P30-P37 Port 3 Port3 (3:0) are four inputs and P3 (7:0) are

signal for EXT-Bus. Data is read by the external peripheralour outputs.

on the rising edge of /DS. Data is also read by the

processor on the rising edge of CK. UI1-UI0 Two Input Pins(input). These general-purpose
input pins are directly tested by the conditional branch

HALT Halt State(input). This pin controls Stop Execution. instructions. These are asynchronous input signals that

The CPU continuously executes NOPs and the prograimave no special clock synchronization requirements.

counter remains at the same value when this pin is held

High. An interrupt request must be executed (enabled) tdO1-UOO0 Two Output Pins(output). These general-

exit HALT mode. After the interrupt service routine, the purpose output pins reflect the value of two bits in the

program continues from the instruction after the HALTstatus register S5 and S6. These bits have no special

(active high). significance and may be used to output data by writing to
the status registeMote: The user output value is the

/INTO-/INT2 Three Interrupts(input, active on rising edge). opposite of the status register content.

These pins control interrupt requests 0-2. Interrupts are

generated on the rising edge of the input signal. Interru@IN/SOUT. When enabled, these pins control SPI input

vectors for the interrupt service starting address are storexhd output.

in the following program memory locations:

ANO-AN3. These pins are used for Analog-to-Digital

converter input.

Device /INTO /INT1 /INT2
789323/373 1FFFH 1EFEH 1EFDH ANGND and ANVCC. Analog to Digital ground and power
789393 FFFFH FFFEH FFFDH supply.

DS95DSP0101 Q4/95 11
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PIN FUNCTIONS (Continued)

VAHI and VALO. Analog to Digital reference voltages. /EXTEN Ext Enable. This pin enables Ext output
continuously for emulation purposes.

[PAZ Tri-state Program BusThis pin enables the Program

Address bus for emulation purposes. /ROMEN ROM Enable.This pin selects internal or external
Program Memory.

ADDRESS SPACE

Program Memory. Programs of up to 8 Kwords can be addressing. Three addressing modes are available to
masked into internal ROM (OTP for 289373). Four locationsaccess the Data RAM: register indirect, direct addressing,
are dedicated to the vector address for the three interrupasid short form direct. The contents of the RAM can be read
(IFFDH-IFFFH) and the starting address following a Reseto, or written from, in one machine cycle per word, without
(IFFCH). Internal ROM is mapped from O000H to IFFFH, disturbing any internal registers or status other than the
and the highest location for program is IFFBH. RAM address pointer used for each RAM. The contents of
each RAM can be loaded simultaneously into the X and Y
Internal Data RAM. The Z89323 has an internal 512 x 16-inputs of the multiplier.
bit word data RAM organized as two banks of 256 x 16-bit
words each: RAMO and RAM1. Each data RAM bank isRegisters. The Z89323 has 19 internal registers and eight
addressed by three pointers: Pn:0 (n = 0-2) for RAMO andxternal registers and a secondary set of 15 peripheral
Pn:1 (n = 0-2) for RAM1. The RAM addresses for RAMO andcontrol registers. Both external and internal registers are
RAM1 are arranged from 0-255 and 256-511, respectivelyaccessed in one machine cycle. The external registers are
The address pointers, which may be written to, or readsed to access the on-chip peripherals when they are
from, are 8-bit registers connected to the lower byte of thenabled.
internal 16-bit D-Bus and are used to perform modulo

Data Memory Program Memory
FFFF FFFF INTO-INT2 Vect. | 64 Kwords
FFFC RESET Vector
Not Used Not Used
Or
512 words CRAML 01FF 4 Kwords [NTOINT2 Vect. | OFFF
0100
OOFE RESET Vector OFFC
DRAMO
0000 0000

p—— on-Chip Memory ——| Off-Chip Memory
(289323/371) (289393)

Figure 6. Memory Map

12 DS95DSP0101 Q4/95



N 2L

PRELIMINARY

789323/373/393
16-BIT DIGITAL SIGNAL PROCESSORS

REGISTERS

The internal registers of the z289323/373/393 are define®n:b are the pointer registers for accessing data RAM, (n

below: = 0,1,2 refer to the pointer number) (b = 0,1 refers to RAM
Bank 0 or 1). They can be directly read from or written to,
Register Register Definition and can point to locations in data RAM or Program Memory.
P Output of Multiplier, 24-bit EXTn are external registers (n = 0 to 7). There are eight 16-
X X Multiplier Input, 16-bit bit registers provided here for mapping external devices
Y Y Multiplier Input, 16-bit into the address space of the processor. Note that the
A Accumulator, 24-bit actual register RAM does not exist on the chip, but would
exist as part of the internal or external device, such as an
SR Status Register, 16-bit ADC.
Pn:b Six Ram Address Pointers, 8-bit each
PC Program Counter, 16-bit BUS is a read-only register which, when accessed, returns
EXTO the contents of the D-Bus. Bus is used for emulation only.
EXT1 . .
EXT 2 Dq:b refers to_locatllons in RAM that can 'be .used' as a
EXT 3 pointer tp_locatlons in program memory which is efﬁment
EXT 4 for c.oeff|C|ent addressing. The_ programmer deudt_es which
EXT5 Iocathn tp choose from two bits in the status register _and
EXT6 two plts in the operand. Thus,' .only the lower 15 possible
EXT 7 locations in RAM can be specified. At any one time, there

are eight usable pointers, four per bank, and the four

pointers are in consecutive locations in RAM. For example,
See Table 6 and Table 7 for the different assignments @f S3/S4 = 01 in the status register, then D0:0/D1:0/D2:0/

EXT7-EXTO in the different banks.

D3:0 refer to register locations 4/5/6/7 in RAM Bank 0. Note

that when the data pointers are being written to, a number

Register Register Definition
EXTn External Registers, 16-bit
BUS D-Bus
Dn:b Eight Data Pointers*
Note:

is actually being loaded to Data RAM, so they can be used
as a limited method for writing to RAM.

SR is the status register (Figure 8) which contains the ALU
status and certain control bits (Table 5).

Table 5. Status Register Bit Functions

* These data pointers occupy the first four locations in RAM bank.

Status Register Bit

Function

P holds the result of multiplications and is read-only.

X and Y are two 16-bit input registers for the multiplier.
These registers can be utilized as temporary registers
when the multiplier is not being used.

A is a 24-bit Accumulator. The output of the ALU is sent to

this register. When 16-bit data is transferred into this
register, it is placed into the 16 MSBs and the least
significant eight bits are set to zero. Only the upper 16 bits
are transferred to the destination register when the
Accumulator is selected as a source register in transfer
instructions.

S15 (N) ALU Negative

S14 (OV) ALU Overflow

S13 (2) ALU Zero

S12 (L) Carry

S11 (UI1) User Input 1

S10 (UI0) User Input O

S9 (SH3) MPY Output Arithmetically
Shifted Right by three bits

S8 (OP) Overflow Protection

S7 (IE) Interrupt Enable

S6 (UO1) User Output 1

S5 (UOO0) User Output 0

S4-S3 “Short Form Direct” bits

S2-S0 (RPL) RAM Pointer Loop Size

DS95DSP0101 Q4/95

13



. 789323/373/393
@ZIL‘E PRELIMINARY 16-BIT DIGITAL SIGNAL PROCESSORS

REGISTERS (Continued)

The Status Register S15-S12 are set/reset by the ALU after an operation. S11-
The status register can always be read in its entirety. S1510 are set/reset by the user inputs. S6-S0 are control bits
S10 are set/reset by hardware and can only be read bigscribed in Table 5. S7 enables interrupts. If S8 is set, the
software. S9-S0 control hardware looping and can béardware clamps at maximum positive or negative values

written by software (Table 8). instead of overflowing. If S9 is set and a multiple/shift
option is used, then the shifter shifts the result three bits
Table 8. RPL Description right. This feature allows the data to be scaled and prevents
S2 s1 S0 Loop Size overflows.
0 0 0 256 PC is the Program Counter. When this register is assigned
0 0 1 2 as a destination register, one NOP machine cycle is added
0 1 0 4 automatically to adjust the pipeline timing.
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128
N ov zZ C Ul U0 SH3 OP IE UO1 UOO RPL
|315|514|313|512|su|51o| S9 | S8 | s7 | S6 | S5 | sS4 | S3 | szl 51| sol
Negative — L e oo
Overflow 000 256
001 2
zero 010 4
c 011 8
am 100 16
User Input 0-1 101 32
(Read Only) 110 64
MPY output arithmetically 111 128
shifted right by three bits "Short Form Direct" bits
Overflow protection User Output 0-1*

Global Interrupt Enable
* The output value is the opposite of the status register content.

Figure 7. Status Register

14 DS95DSP0101 Q4/95
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EXT Register Assignments

The EXT registers support is extended in the Z893X3Banks 0 to 5 support different combinations of external

family: In addition to up to seven external registers, thereegisters and internal data registers. The user should use

are 28 internal registers on the EXT bus. There are 1lfhe bank that has the internal data registers and the

different pages of EXT registers. The same EXT7 registenumber of external registers to support his application and

exist in all the pages and control of the bank switching iso use this bank as a working bank to minimize the number

done via EXT7 register. of bank switching. Bank 5 has all the A/D registers. Banks
13 to 15 are control registers bank. These control registers
are usually used only in the initialization routines.

Table 6. EXT Register Assignments Banks 0—4

EXT\Bank 0 1 2 3 4

EXTO Ext0-user Ext0-user Ext0-user Ext0-user Ext0-user

EXT1 Extl-user Extl-user Extl-user Extl-user Extl-user

EXT2 Ext2-user Ext2-user Ext2-user Ext2-user Ext2-user

EXT3 SPI data Ext3-user Ext3-user SPI data Ext3-user

EXT4 Port0 PortO Ext4-user Ext4-user Ext4-user

EXT5 Portl/Port2 Portl/Port2 Port3 Ext5-user Ext5-user

EXT6 A/D_chO A/D_chl A/D_ch2 A/D_ch3 Ext6-user

EXT7 Bank/Int_status Bank/Int_status Bank/Int_status Bank/Int_status Bank/Int_status

Table 7. EXT Register Assignments Banks 6-15

EXT\Bank 5 6-12 13 14 15

EXTO A/D_chl A/D control Timer2 load PO control

EXT1 A/D_ch2 Timer0 control Timerl control P1 control

EXT2 A/D_ch3 TimerO load Timerl load P2 control

EXT3 SPI data Timer0O Timerl Wait State

EXT4 Port0 Timer0O pr. load Timerl pr. load SPI control

EXT5 Portl/Port2 TimerO prescaler Timerl prescaler PLL control

EXT6 A/D_chO A/D_chO A/D_chO A/D_chO Int. Allocation

EXT7 Bank/Int_status Bank/Int_status  Bank/Int_status Bank/Int_status Bank/Int_status

DS95DSP0101 Q4/95 15
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EXT Register Assignments (Continued)

Ext 7 Reg
|D15|Dl4|D13|D12|D2L‘L|D10| D9 | D8 | D7| D6|D5 | D4 | D3 | D2| D1|D0|
[ Bank Select

0000 : BankO
0001 : Bankl

1111 : Bank15

Interrupt Status Bits
Bit 4 = A/D Finish Interrupt
Bit 5 = SPI Interrupt
Bit 6 = TimerO Interrupt
Bit 7 = Timer1 Interrupt
Bit 8 = Timer2 Interrupt
Bit 9 = INTO (H/W) Interrupt
Bit 10 = INT1 (H/W) Interrupt
Bit 11 = INT2 (H/W) Interrupt

Reserved

Figure 8. EXT7 Register Bit Assignment

Interrupt Status Bits

When read, these bits provide interrupt information toaccess time with a 20 MHz oscillator.) When more than one
identify the source for INT2, or when the DSP works inWait State is needed, an input pin (WAIT) coupled with

Pending Interrupt mode, to warn the DSP of pendingxternal logic can support more than one Wait State. The
interrupts. These bits also clear the interrupt status bit&Vait-State Control Register enables mapping specific EXT

Writing 1 will clear these bits. register (from EXTO to EXT6) and specific operation (read
or write) to include insertion of one Wait State. EXT7 is
Wait-State Register always internal register, therefore no Wait State is needed

The Wait-State Control Register enables insertion of Waifor EXT7.

States when the DSP needs to access slow, inexpensive

peripherals. This software-controlled register enablegte:

insertion of one Wait State when accessing EXT bus. (Onehen the programmer switches banks it is important to change the Wait

Wait State gives 100 nsec access time instead of 50 ns&tate mapping of the EXT registers to match the desired Wait State
mapping of the new bank.

16 DS95DSP0101 Q4/95
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Bank15/EXT3 Reg
ID15|D14|D13|D12|D2L'L|D10| D9 | D8 | D7| D6| D5 | D4 | D3 | D2| DlIDOI

L

Bits 1 - 0 = Wait-State EXTO
Bits 3 - 2 = Wait-State EXT1
Bits 5 - 4 = Wait-State EXT2
Bits 7 - 6 = Wait-State EXT3
Bits 9 - 8 = Wait-State EXT4
Bits 11 -10 = Wait-State EXT5
Bits 13 -12 = Wait-State EXT6

Bit14 = Reserved
Bit 15 = Test Mode

0 Normal Operation (default)

1 Test Mode: Bits 6-5 of the
Status Register drives,
P23 and P22, respectively
(VOO0 and VO1).

Figure 8a. Bank 15/EXT3 Register

DS95DSP0101 Q4/95 17
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FUNCTIONAL DESCRIPTION
Analog to Digital Converter (ADC)

The ADC is an 8-bit half flash converter that uses twoThe start commands are implemented in such a way as to

reference resistor ladders for its upper 4 bits (Mosbegin a conversion at any time, if a conversion is in

Significant Bits) and lower 4 bits (Least Significant Bits) progress and a new start command is received, then the

conversion. Two reference voltage pins, VA (High) and VAconversion in progress will be aborted and a new conversion

(Low), are provided for external reference voltage supplieswill be initiated. This allows the programmed values to be

During the sampling period from one of the four channechanged without affecting a conversion-in-progress. The

inputs, the converter is also being auto-zeroed beforeew values will take effect only after a new start command

starting the conversion. The conversion time is dependeid received.

on the external clock frequency and the selection of the

prescaler value for the internal ADC clock source. TheThe clock prescaler can be programmed to derive a

minimum conversion time is 2.Qs. (See Figure 9, ADC minimum 2us conversion time for clock inputs from 4 MHz

Architecture.) to 20 MHz. For example, with a 20 MHz crystal clock the
prescaler should be programmed for divide by 40, which

The ADC control register is Bank 13/Ext 0. A conversionthen gives a 2us conversion rate.

can be initiated in one of four ways: by writing to the

A/D control register, INT1 input pin, Timer 2 or Timer O The ADC can generate an Interrupt after either the first or

equal 0. These four are programmable selectable. Thefeurth conversion is complete depending on the

are four modes of operation that can be selected: orprogrammable selection.

channel converted four times with the results written to

each Result register, one channel continuously convertethe ADC can be disabled (for low power) or enabled by a

and one Result channel updated for each conversion, fo@ontrol Register bit.

channels converted once each and the four results written

to the Result registers, and four channels repeatedihough the ADC will function for a smaller input voltage

converted and the Result registers kept updated. Thaend voltage reference, the noise and offsets remain constant

channel to be converted is programmable and if one of thaduring the specified electrical range. The errors of the

four-channel modes is selected then the programmegbnverter will increase and the conversion time may also

channel will be the first channel converted and the othetake slightly longer due to smaller input signals.

three will be in sequence following with wraparound from

Channel 3 to Channel 0.

18 DS95DSP0101 Q4/95
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<: Integrated
Logic

4-Channel
Multiplexer

INTO  Timer
Start
Converter
A/D
Controller
A/D Register
Prescaler -
|
Y
VREF 4x8
> Result
Register
Samol Flash
ample A/D
and ::> Converter
Hold
= 3
AGND Dual A/D
Channel
Scan Register

Channel Select

Figure 9. ADC Architecture

Internal
Bus
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FUNCTIONAL DESCRIPTION (Continued)

Bank 13/Ext O (low byte)

D7

D6

D5| D4| D3| D2| D1| DO

J I

CSEL1
CSEL2

SCAN

QUAD

Figure 10. ADCTL Register (Low Byte)

Prescaler Values (bits 7, 6, 5)

)
N

O
[

Prescaler
(Crystal divided by)

o)
o

8
16
24
32

P PP OO OO

PP, OO R PF, OO

40
48
56
64

R ORr O R ORFr O

Note

Channel Select (bits 2, 1, 0)

CSEL2 CSEL1 CSELO Channel
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3

Bank 13/Ext O (high byte)

|D15|Dl4|D13|D12| DZL’I.|D10| D9| D8I

_L ADSTO
ADST1
ADIE

ADIT

ADCINT

Reserved
ADE

Figure 11. ADCTL Register (High Byte)
ADE (bit 15). A 0 disables any A/D conversions or
access—ing any ADC registers except writing to ADE bit. A
1 Enables all ADC accesses.

Reserved (bits 14, 13). Reserved for future use.

The ADC is currently being characterized. Converter errors are estimatedDCINT (bit 12). This is the ADC Interrupt bit and is Read

to increase to 2 LSBs (Integral non-linearity), 1 LSB (Differential non-
linearity) and 10 mV (Zero error at 26) if the voltage swing on the

reference ladder is decreased to —-3V.

Modes (bits 4, 3)

Only. The ADCINT will be reset any time this register is
written.

ADIT (bit 11). This bit selects when to set the ADC Interrupt
if ADIE=1. A value of 0 sets the Interrupt after the first A/D
conversion is complete. A value of 1 sets the Interrupt after
the fourth A/D conversion is complete.

ADIE (bit 10). This is the ADC Interrupt Enable. A value of
0 disables setting the ADC Interrupt. A value of 1 enables
setting the ADC Interrupt.

QUAD SCAN
0 0 Convert selected channel 4 times
then stop.
0 1 Convert selected channel then stop.
1 0 Convert 4 channels then stop.
1 1 Convert 4 channels continuously.
20
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START (bits 9, 8)
ADST1  ADSTO  Mode

0 0 Conversion starts when
this register is written.

0 1 Conversion starts on a
rising edge INT1 input pin.

1 0 Conversion starts when
Timer 2 times out.

1 1 Conversion starts when

Timer O times out.

Figure 12 shows the input circuit of the ADC. When

conversion starts, the analog input voltage from one of the
eight channel inputs is connected to the MSB and LSB
flash converter inputs as shown in the Input Impedance
CKT diagram. This effectively shunts 31 parallel internal

resistance of the analog switches and simultaneously
charges 31 parallel 0.5 pF capacitors, which is equivalent
to seeing a 400 Ohms input impedance in parallel with a
16 pF capacitor. Other input stray capacitance adds about
10 pF to the input load. For input source, resistances up to
2 kOhms can be used under normal operating conditions
without any degradation of the input settling time. For

larger input source resistance longer conversion cycle

There are four ADC result registers. For their location in théime may be required to compensate the input settling time

different banks, see EXT Register Assignments. factor.
CMOS Switch
on Resistance
2-5kQ
—\M\— N
~ I I_.'\ ]
VRef " Vv
C .5pF
R Source
VWV ~——— |_.r\ l | 31 CMOS Digital
VRef ! V Comparators
— . L C .5pF
- C Parasitic 1 T
- LwA— N
~ It |—"\
VRef " Vv |

C 5pF

Figure 12. Input Impedance of ADC
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FUNCTIONAL DESCRIPTION (Continued)

27 28 29 30 31 32

26

11

10

/4

/4
/4

v

N
N N
N

CHAN MUX

Input Sample
A/D Result

DSP INT

DSP Write to ADC

CTLREG

Note:

=20 MHz

1. SCLK

Figure 13. ADC Timing Diagram

22

DS95DSP0101 Q4/95



. 789323/373/393
@le_@ PRELIMINARY 16-BIT DIGITAL SIGNAL PROCESSORS

TIMER/COUNTERS

The z89323/373/393 has two 16-bit Timer/Counters thathe falling edge, or both rising and falling edges of the
can be independently configured to operate in variougput. Output actions on external pins can be programmed
modes. Each is implemented as a 16-bit Load Registdo occur with either polarity. The Timer/Counter operational
(TMLR) and a 16-bit down counter (TMR). Timer/Counter modes are selected through the 16-bit Control Register
inputs can be selected from among UIO or UIl pins angTCTL). This register defines the operational modes of its
outputs from among UOO or UO1 pins. The Timer/Countecompanion Timer (Figure 14).

clock is a scaled version of system clock. Each counter has

an 8-bit clock prescaler with divide count controlled by theEach Timer contains a set of five 16-bit Registers. The Ext
16-bit Prescaler Load Register (TPLR). The clock rates oRegister Assignment specifies the location of each Timer
the two timer/counters are independent of each otheRegisters. All accesses to Timer Registers occur with zero
External input events occur optionally on the rising edgeWait States.

15 14 13 12 11 8 7 6 54 32 1 0
OuUT | OUT INP INP
Test MODE | TNy | seL | event | sevL | ©F
—I_— Count Enable
Input Select
Input Event
Output Select

Output Invert

Timer Mode

Reserved

Test Mode

Figure 14. TCTL Register
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TIMER/COUNTERS (Continued)

Timer Modes

The Timer modes can be categorized as input modes aiiODE 5. The Timer/Counter is configured to generate an
output modes. In input modes, the Timer/Counter is usedutput pulse that is asserted under program control, and
for input signals only. In output modes, a selected outpuile-asserted when a programmable number of input edges
pin is driven. If a Timer/Counter is enabled (CE=1) and ar{up to 65,535) have been counted on an input pin (UIO or
output pin, UO0 or UO1, is selected to be driven, the DSRJI1). Assertion may be either logic high or logic low.
Processor's Status Register bits 5 or 6 does not affect the
state of that pin. MODE 6. The Timer/Counter is configured to generate a
Hardware Reset on time-out unless retriggered by software.
Output Modes
MODE 7. The Timer/Counter is configured to generate a
MODE 0. The Timer/Counter is configured to generate aHardware Reset on time-out unless retriggered by an
continuous square wave of 50% duty cycle. Writing a nevevent on one of the input pins UIO or UI1.
value to the TMLR Register takes effect at the end of
current cycle unless TMR is written. Input Modes

MODE 1. The Timer/Counter is configured to generate aThe input modes use one of the input pins UIO or UI1l. The
single pulse of programmable duration. The asserted staséggnals on these pins are synchronized with the internal
may be either logic high or logic low. Retriggering the one-Timer Clock, TMCLK, before being applied to the Timer.
shot before the end of the pulse causes it to continue for tfighe input signal frequency must be no higher than 1/4th of
new duration. TMCLK frequency.

MODE 2. The Timer/Counter is configured to generate aMODE 8. The Timer/Counter is configured to measure the
pulse-width modulated repeating waveform. The duty cycldéime for which its input is asserted.
ranges from 0-100% (0/256 to 255/256) of a cycle in steps
of 1/256 of a cycle. The asserted state of the waveform maylODE 9. The Timer/Counter is configured to measure the
be either logic high or logic low. Writing a new pulse-width period from one rising (falling) edge to the next rising
value to the TMLR Register takes effect at the end offalling) edge on the input.
current cycle unless TMR is written.

MODE 10. The Timer/Counter is configured to count the
MODE 3. The Timer/Counter is configured to generate anumber of input edges (up to 65,535). Input edges may be
pulse-width modulated repeating waveform. The duty cycleelected as rising or falling or both.
ranges from 0-100% (0/65,536 to 65,535/65,536) of a
cycle in steps of 1/65,536 of a cycle. The asserted state MODE 11. The Timer/Counter is configured to count the
the waveform may be either logic high or logic low. Writing number of input edges (up to 65,535) in a time window set
a new pulse-width value to the TMLR Register takes effecby the second timer. Edges are counted until the second
at the end of current cycle unless TMR is written. timer under flows. Input edges may be selected as rising

or falling or both.
MODE 4. The Timer/Counter is configured to generate a
series of pulses ranging from 0 to 65,535. The pulses are
actually the Timer Clock (TMCLK), which is gated to the
output until the counter under flows.
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Bank 13/EXT1 (Timer0) or Bank 14/EXT1 (Timerl)
Timer Control Register (TCTL)

|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0|

. Timer/Counter
0 Timer/Counter disabled (default)
1 Timer/Counter enabled

Input Select
00 Inputs have no effect
01 Reserved
10 UIO0 Pin
11 UI1 Pin

Input Event
00 Low Level or Falling Edge
01 High Level or Rising Edge
10 Both Rising and Falling Edges
11 Reserved

Output Select
00 Outputs Unaffected
01 Reserved
10 Drive UOO Pin
11 Drive UO1 Pin

Output Invert
0 Output asserted High on Timeout
1 Output asserted Low on Timeout

Timer Mode
Timer Output Modes
0000 Square Wave Mode 0
0001 One-Shot Mode 1

0010 PWAM short (8-bit) Mode 2

0011 PWM long (16-bit) Mode 3

0100 Pulse Count Output  Mode 4

0101 Triggered Count Mode 5

0110 S/W Watch-Dog Mode Mode 6

0111 H/W Watch-Dog Mode Mode 7
Timer Input Modes

1000 Gated Count Mode 8
1001 Period Mode 9
1010 Pulse Count Mode 10
1011 Gated Pulse Count Mode 11
Reserved
Test Mode*

0 Normal Operation
1 Factory Test Mode

*Note: The user should always
program this bit to be 0.

Figure 15. Register Bit Fields
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TIMER/COUNTERS (Continued)

Timer Load Register (TMLR) Timer Register (TMR)
This 16-bit Register holds a value that is reloaded into timefMR is a 16-bit down counter that holds the current Timer/
upon timer under flow. Counter value. It can be read as any ordinary register.

However, writing to TMR is different than writing to an
ordinary register. A write to TMR Register causes the
contents of TMLR Register to be written into it, causing the
Timer to be retriggered. Any data on DSP’s Memory Data
(MD) Bus is ignored during a write to TMR.

15 0

Timer Reload Value

Timer Prescaler Load Register (TPLR) 15 0
The 16-bit TPLR Register holds the prescaler reload value
in its lower 8 bits. Bit 15 is the Timer's Interrupt Pending bit. Timer Register
When set, it signifies an interrupt event in its companion
timer. The IP bit can only be set by the Timer. It can be
cleared only by software when it writes a value to thisTimer Prescale Register (TPR)

register with a "1" in bit position 15; a "0" in bit position 15 TPR is an 8-bit down counter that holds the current Prescaler
will have no effect on the state of IP bit. Bits [14:8] mustcount value. It can be read as any ordinary register.

always be written with Os for future compatibility. However, writing to TPR is different than writing to an
ordinary register. A write to TPR Register causes the lower
15 14 8 7 0 8-bit contents of TPLR Register to be written into it, causing
the Prescaler to be retriggered. Any data on DSP’s Memory
Prescaler Qi i i
Test Zeros Reload Value Data (MD) Bus is ignored during a write to TPR.
7 0
TPR

8-Bit Counter
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Prescaler Operation

The Timer/Counter Clock (TMCLK) is generated by theThe 8-bit prescaler counter is loaded with value in TPLR
output of the prescaler. The Prescaler is an 8-bit dowRegister field [7:0] in one of three ways:

counter, TPR, followed by a divide-by-two flip-flop that

generates a 50 percent duty cycle output clock TMCLK1. When 8-bit prescaler counter, TPR,

The Prescaler’s input clock is the system clock, CLKIN, decrements to zero.

divided by two. Thus, the maximum prescaler output

frequency is 1/4 of the system clock frequency. 2. By writing to TPR Register.

Once the prescaler counter is loaded, it decrements at 8 When companion Timer/Counter TMR is reloaded
clocked frequency and generates an output to the divide- upon under flow from its TMLR Register, or
by-two flip-flop. When the count reaches 0, the counter is retriggered by writing directly to TMR Register.
reloaded from the lower 8 bits of TPLR Register.

15 14 8 7 0
Prescaler TPLR
P zeros Reload Value Register
Clock —» TPR — DIV — » TMCLK
(System Clock) 8-Bit Counter by 2

Figure 16. Prescaler Block Diagram

15 0

TMLR Register

15 v 0
ulio —*1 wm .
U > TMR Register
Uil X 16-Bit Counter
TMCLK
S |—> uoo
»1 E

L |— vo1

Figure 17. Counter/Timer Block Diagram
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TIMER/COUNTERS (Continued)

16-Bit General-Purpose Timer/Counter T2

The 16-bit timer/counter is available for general-purposéhe counter is defaulted to the Enable state. If the system
use. When the counter counts down to the zero state, tliesigner does not choose to use the timer, the counter can
timer 2 load register loads into timer 2, and if timer 2be disabled.

interrupt is enabled, an interrupt is received. The counting

operation of the counter can be disabled. The timer/

counter clock source can be selected to be system clock/

2 or UI2.

Bank 14/EXT O
ID15|D14|D13|D12|DllIDlOI D9 I D8 I D7 I D6 I D5 I D4 I D3 I D2 I D1 I DOI

Count Value (Down-Counter)

Figure 18. Timer/Counter 2 Load Register

I/0 Ports

I/0 pin allocation for ports in the different package types igequire an external EXT bus, these I/O pins can be allocated
designed to provide increased flexibility and support forto 16-bit general-purpose I/O port (P0), the special signals
various modes of operation. The 44-pin package featurgsort (P1) or additional port (P3). The 80-pin PQFP package
the special signals, as well as all packages supporting tlseipports up to 40 1/O pins.

EXT 16-bit bus. In cases where the application does not

Table 9. Various Package 1/0 Port Allocation

Pin Count 44-Pin 68-Pin 80-Pin 100-Pin
Package PLCC/PQFP PLCC PQFP PQFP t
P0[15:8] EXT,PO,P1* EXT,PO EXT,PO EXT,PO
PO[7:0] EXT,PO EXT,PO EXT,PO EXT,PO
P1[7:0] P1* P1* p1*
P2[7:0] P2[4:0]* p2* p2* p2*
P3[7:0] P3

Note:

*  Ports with special signals: Interrupts inputs, Serial Peripheral Interface
(SPI), CLKOUT and Timers inputs and outputs.

t (ICE chip)
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16-bit Programmable I/O (Port 0)

When the appropriate bit is set in the Port 1 control registedata 1/0 register. Bank 15/Ext 0 serves as the Port 0
Port 0 acts as a 16-bit programmable, bidirectional, CMOSdirection register while Bank 15/Ext 1, has specified bits to
compatible port. Each of the 16 lines can be independentgnable Port 0 and determine whether Port 0 is globally
programmed as an input or an output, or globally as aconfigured as open-drain outputs.

open-drain output. When enabled, Bank O/Ext 4 acts as the

Bank 15/Ext 0 Reg
|D15|D14|D13|D12|D11|D10| D9 I D8 I D7 I D6 I D5 I D4 I D3 I D2 I D1 I DO I

| Port I/O Direction

= Output
1 = Input
Figure 19. Port 0 Control Register
Open-Drain T
OEN ) |:
Pad
r—o—
Out
: )
In

AN

Auto Latch

————— ——— ——

A

Figure 20. Port 0, 1 and 2 Configuration
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8-Bit Programmable 1/0 (Port 1)

When the appropriate bit is set in the Port 1 control registeglobally as an open-drain output. When enabled,

Port 1 acts as an 8-bit programmable, bi-directionalBankO/EXT5 (Least Significant Bit) acts as the data 1/O

CMOS-compatible port. Each of the eight lines can beegister. Bank15/EXT1 serves as the Portl direction control

independently programmed as an input or an output aegister. Port 1 can also be programmed to provide special
I/0 functions.

Table 10. Port 1 Bit Function Selection

Port.Bit IF (Condition Explanation) Then Else

P1.0 Bank15/Ext1(3)=1 (Enable External Interrupt Source INT2) INT2 P10
P1.1 Bank15/Ext1(5)=1 (CLKOUT Enable) CLKOUT P11
P1.2 Bank15/Ext4(0)=1 (SPI Enable) SIN P12
P1.3 Bank15/Ext4(0)=1 (SPI Enable) SOUT P13
P1.4 Bank15/Ext4(0)=1 (SPI Enable) SS P14
P1.5 Bank15/Ext4(0)=1 (SPI Enable) SK P15
P1.6 Bank13/Ext1(2-1)=10 or Bank14/Ext1(2-1)=10 (UI0 Enable) ulo P16
P1.7 Bank13/Ext1(2-1)=11 or Bankl14/Ext1(2-1)=11 (UI0 Enable) ull P17

Bank 15/Ext 1 Reg
|D15|D14|D13|D12|D:L1.|D10| D9 I D8 I D7| D6|D5 I D4 I D3 I D2| DlIDOI

—|—— Pins PO 15-0 Port Allocation

000 : Ext 15-0 (default)

001 : PO 15-8 <= P1 7-0,
PO 7-0 <= Ext 7-0

010 : Reserved

011 : PO 15-8 <= PO 15-8,
PO 7-0 <= Ext 7-0

100 : PO 15-0

101:P015-8<=P17-0
PO 7-0 <= PO 7-0

110 : Reserved

111 : Reserved

: Enable External Interrupt Source INT2
: Disable External Interrupt Source (default)

: Enable External Interrupt Source INT1
: Disable External Interrupt Source (default)

: CLKOUT Enabled (P11)
: CLKOUT Disabled (default)

: Port 1 Outputs Open-Drain
: Port 1 Outputs Push-Pull (default)

: Port 0 Outputs Open-Drain
: Port 0 Outputs Push-Pull (default)

OrFr OFr OFr OFr OoOF

Port 1 1/O Directions
1: Output
0 : Input (default)

Figure 21. Bank15/EXT1 Register
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8-Bit Programmable 1/0 (Port 2)

Port 2 is an 8-bit programmable, bidirectional, CMOS-programmed to provide special 1/0O functions. When Port 2
compatible port. Each of the eight lines can beacts as programmable 1/O, BankO/EXT5 (MSB) acts as the
independently programmed as an input or an output atata 1/O register. Bank15/EXT2 serves as Port 2 control
globally as an open-drain output. Port 2 can also beegister.

Table 11. Port 2 Bit Function Selection

Port.Bit IF (Condition Explanation) Then Else

P2.0 Bank15/Ext2(9)=1 (Enable External Interrupt Source INTO) INTO P20
P2.1 Bank15/Ext1(4)=1 (Enable External Interrupt Source INT1) INT1 P21
P2.2 Bank13/Ext1(6-5)=10 or Bank14/Ext1(6-5)=10 (UOO Enable) uoo P22
P2.3 Bank13/Ext1(6-5)=11 or Bank14/Ext1(6-5)=11 (UOO Enable) uo1l P23
P2.4 Bank15/Ext2(14)=1 (UO2 Enable) uoz2 P24
P2.5 Bank15/Ext2(13)=1 (Timer2 Clock is UI2) ul2 P25
P2.6 P26 P26
P2.7 P27 P27

Bank 15/Ext 2 Reg
|D15|Dl4ID13ID12ID:L'LID10I D9 I D8 I D7| D6ID5 I D4 I D3 I D2| DlIDOI

| Port 2 1/O Directions
1 : Output
0 : Input (default)

: Enable Port 3
: Disable Port 3 (default)

: Enable External Interrupt Source INTO
: Disable External Interrupt Source INTO (default)

: Port 2 Outputs Open-Drain
: Port 2 Outputs Push-Pull (default)

: Enable Timer 2
: Disable Timer 2 (default)

: Enable Timer 2 Counting
: Disable Timer 2 Counting (default)

: Timer 2 Clock is U2
: Timer 2 Clock is System Clock/2 (default)

1 UO2 Enabled (P24)
: UO2 Disabled (default)

Timer2 Test Mode*

0 : Normal Operation (default)
*Note: o 1: Factory Test Mode

The user should always program this bit to be 0.

OoOrFr OFr OoOr oOr Or OoOr OFr

Figure 22. Bank15/EXT2 Register

8-Bit Programmable 1/O (Port 3)

Port 3 is an additional 1/0 port featured only in the 80-pinsupported in the 100-pin ICE chip PQFP package,
PQFP package. P3[3:0] are inputs and P3[7:4] are outputtherefore this port is not supported in the Z893x3
The purpose of this additional port is to serve applicationemulator, and use of this port is not
that need more than 32 I/O pinRort 3 enables the recommended in cases when the other 1/O ports
user to support up to 40 I/O pins. Port 3 is not can support the 1/O requirements.
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Serial Peripheral Interface

Serial Peripheral Interface  (SPI). The Z893X3 incorporates slave’s SPI Shift Register, through the SIN pin, which has

a serial peripheral interface for communication with othetthe same address as the RxBUF Register. After a byte of
microcontrollers and peripherals. The SPI includes featuredata has been received by the SPI Shift Register a Receive
such as Master/Slave selection. The SPI consists of twGharacter Available SPI interrupt and flag is generated.

registers; SPI Control Register (SCON), SPI Receive/BuffeThe next byte of data may be received at this time, but the
Register (RxBUF), and SPI Shift Register (Figure 2B)te: RxBUF Register must be cleared, or a Receive Character
The SPI shift register and Receive/Buffer register are on®verrun (RxCharOverrun) flag is set in the SCON Register

in the same and are shown in Figure 41. SCON is locateghd the data in the RxBUF Register is overwritten.

in bank 15/Ext4 (LSB). This register is a read/write register

that controls; Master/Slave selection, SS polarity, clockgankisexia (LsB) Reg

source and phase selection, and error flag. Bit 0 enablelsb
disables the SPI with the default being SPI disabled. A 1 i

7| D6| D5| D4| D3| D2| D1| DOI

this location enables the SPI, and a 0 disables the SPI. | - zgﬁi{m
Bits 1 and 2 of the SCON register in Master Mode selects Rz(;gtl:\I/(eF(r::(?lrJae\if; (On/\(:sr:;?) (Slave)
the clock rate. The user may choose whether internal clock 29 g:z:gggzj
is divide by 2, 4, 8, or 16. In Slave Mode, Bit 1 of this register 1 0 Divide-by-8
flags the user if an overrun of the RXxBUF Register has 1 1 Divide-by-16
occurred. D(?Féﬁlsll\ée%OUT as Output

1 Tri-State SOUT
The RxCharOverrun flag can only be reset by writing a 0 to — SSPZSsPoariy émﬁffgun)
this bit. In slave mode, bit 2 of the Control Register can 1 = SSActive High
disable the data-out 1/O function. If a 1 is written to this bit, Received Character Available
the data-out pin is tri-stated. If a 0 is written to this bit, the CLKP
SPI will shift out one bit for each bit received. Bit 3 of the 0 is Transmit on Falling
SCON Register is the SS polarity bit. A 0 selects active Low LR g Edge
(default) polarity on SS, and a 1 selects active High. Bit 4 Receive Data on Falling Edge
signals that a receive character is available in the RxBUF SPI Clock Source Select (Master)
Register. If the associated interrupt enable bit is enabled, 9 1s Internal Clock
an interrupt is generated. Bit 5 controls the clock phase of

. . .. 1 Master 0 Slave
the SPI. A 1 in Bit 5 allows for receiving data on the clock’s

falling edge and transmitting data on the clock’s rising Figure 23. SPI Control Register (SCON)
edge. A 0 allows receiving data on the clock’s rising edge '

and transmitting on the clock’s falling edge.
Bank O/Ext 3 (LSB) Reg
ID7| D6| D5| D4| D3| D2| D1| DOI

The SPI clock source is defined in bit 6 for Master mode.
A 1 uses TimerO output for the SPI clock, and a 0 uses a
division of the internal system clock for clocking the SPI. Bit

7 determines whether the SPI is used as a Master or a Figure 24. SPI TXRXDATA Register
Slave. A 1 puts the SPI into Master mode and a 0 puts the

SPI into Slave mode.

SPI Operation. The SPI can be used in one of two modes;
either as system slave, or a system master. In the slave
mode, data transfer starts when the slave select
(SLAVESEL) pin goes Low. Data is transferred into the
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When the communication between the master and slave éxternal master when in slave mode. Bit D6 of the SCON
complete, the SS goes High. Unless disconnected, fdRegister controls what source drives the SPI clock. Divided
every bit that is transferred into the slave through the SINy 2, 4, 8, or 16 can be chosen as the scaler with bits D2,
pin, a bit is transferred out through the SOUT pin on thél in master mode.
opposite clock edge. During slave operation, the SPI clock
pin (SK) is an input (Figure 25). In master mode, the DSHReceive Character Available and Overrun. When a
must first activate a SS through one of it's I1/O ports. Nextcomplete data stream is received an interrupt is generated
data is transferred through the master's SOUT pin one bénd the RxCharAvail bit in the SCON Register is set. The
per master clock cycle. Loading data into the shift registeBPI interrupt can be enabled or disabled (default) in the
initiates the transfer. In master mode, the master's clocknterrupt Allocation Register (Bank 15/Ext 6). The
drives the slave’s clock. At the conclusion of a transfer, &xCharAvail bit is available for interrupt polling purposes
Receive Character Available SPI interrupt and flag isand is reset when the RxBUF Register is read. RxCharAvalil
generated. Before data is transferred through the SOUE generated in both master and slave modes. While in
pin, the SPI Enable bit in the SCON Register must bslave mode, if the RxBUF is not read before the next data
enabled. The MSB bit 7 is shifted out first. stream is received and loaded into the RxBUF Register,
Receive Character Overrun (RxCharOverrun) occurs. Since
SPI Clock. The SPI clock can be driven from three sourcesthere is no need for clock control in slave mode, bit D1 in
with TO, a division of the internal system clock, or anthe SPI Control Register is used to log any RxCharOverrun.

SK / S<_/_\
(Input/Output

Input | 3 -
(Active Low) ~

SS

-
souT >§
N

SIN

Figure 25. SPI Timing
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CLOCK Circuits

The clock generator includes Phase-Locked Loop (PLLPSP (System) clock source is programmable and can be
circuit to enable use of low frequency crystal. The benefitene of the 4 options: VCO clock, VCO clock divided by 2,
of using low frequency crystal are low system cost, lowWCO clock divided by 4 or twice the crystal frequency.
power consumption and low EMI. The PLL circuit can be
bypass (s/w controlled). Whenever the PLL circuit is switched from Stop VCO to
Enable VCO, a software delay of 10 msec must be used
The clock generated by the PLL circuit (VCO clock) isbefore switching the system clock from the oscillator to the
programmable and controlled by the PLL Divider registerPLL, in order to give the PLL time to be stable.

Table 12. CLOCK Modes

STOP_OSC STOP_VCO BYPASS_PLL Mode
0 0 0 0) Normal - High frequency clock
0 0 1 1) 32 Khz - VCO running (fast switching time)**
0 1 0 2) STOP CLOCK - Oscillator running
0 1 1 3) 32 Khz
1 1 0 4) STOP CLOCK
1 1 1 5) EXTERNAL CLOCK source *

Notes:

* In this clock mode, it is possible to use external clock source instead
of the internal oscillator source.

* Default (power-up) mode of operation.

1
Off-Chip : On-Chip

Bank4 / Ext5

r----| vLpe > vco !
1
! 4 ” 00
: Phase STOP_VCO 01 MUX
Detect

! etector 10
| 1 1
! . 8-Bit .
| &l Divider [* 2
| System
i Clock
1
:

a :
| PLL Divider Clock Source

s2kHz [ ] _

: STOP_OSC 2 | ® BYPASS_PLL
I o Al «| |

ll T

. 1

1
1
1

Figure 26. PLL Functional Block Diagram

34 DS95DSP0101 Q4/95



. 789323/373/393
@ZIL‘E PRELIMINARY 16-BIT DIGITAL SIGNAL PROCESSORS

Power Down Stop Mode

The Z893X3 supports different levels of power-down mode§he STOP mode provides the lowest possible device
to minimize device power consumption. The lowest powestandby current. In this mode of operation the on chip
consumption is at STOP Clock Mode when the Oscillatopscillator and internal system clock are turned off.

is turned off (clock modes 2 and 4 when there is no external

clock.) The highest power consumption is when the Z893X3 Clock Mode 2 the Oscillator is running while the system
in Normal mode (Clock Mode 0) and there is mediumclock is turned off to enable fast switching (wake up) to the
power consumption mode .The SLOW Clock Mode is wherhigh frequency.

the DSP is running with 32 kHz clock (Crystal Clock Modes

1 and 3) and disabling all the peripherals which are noBTOP mode is exited when the recovery source as defined

needed in this mode. in Bank4/EXT5[6:5] is toggled to the recovery defined
level. In case of Clock Mode 2 the program resumes
Slow Mode operation starting from the next instruction after the stop

instruction. In case of Clock Mode 4, the program resumes
The SLOW mode reduce the chip power consumption bypperation starting from the reset vector address after
using the 32 kHz clock (Clock Mode 3) of the crystal as @&xecuting operations similar to the Power-On Reset
DSP clock and disabling in software all the unnecessargequence of operations.
peripherals.

Clock Mode 1 also uses the 32 kHz clock, but in this mode
the VCO is still running to enable fast switching (wake up)
to the high frequency.

Bank 15/Ext 5 Reg
|D15|D14|D13|D12|D:L’L|D10| D9 I D8 I D7| D6|D5 I D4 I D3 I D2| DlIDOI

L stor osc

0 : Oscillator Running
1: Stop Oscillator

STOP_VCO
0 : VCO Running
1: Stop VCO

BYPASS PLL
0 : Clock Source is VCO
1 : Clock Source is Oscillator

DSP (System) Clock Source
00 : VCO Clock
01 : VCO Clock Divided by 2
10 : VCO Clock Divided by 4
11 : Twice the Crystal Frequency

Recovery Source
00 : POR (Power-On Reset) or
Port 2, Bit 0 (INTO)
01:POR or Port 1, Bit 4 (SS)
10 : POR or Port 1, Bit 6 (UI0)
11 : POR or Port 2, Bit 0 or
Port 1, Bit 4 or Port 1, Bit 6

STOP Recovery Level
0 : Low (Default setting after reset.)
1: High

Programmable PLL Divider Register

VCO Frequency = Bits 15-8 * 8 * Crystal Frequency (32 kHz)
39 (9.984 MHz) < Bits 15-8 < 158 (40.448 MHz)

Figure 27. PLL Register
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Interrupt Controller

There are eight different interrupt sources (when all of therbits for specific interrupt sources. All the enabled interrupts
are enabled). Bits [3:0] of the Interrupt Allocation Registerwhich are not already allocated into IINTO or IINT1 are
defines which interrupt source will have the highest priorityallocated into IINT2. When interrupt happen on [INT2 then
and will be allocated into IINTO (Internal INTO). Bits[7:0] of IINT2 interrupt routine is reading the Interrupt Status Register
the Interrupt Allocation Register defines which interrupt(EXT7 in all the Banks) to determine which interrupt occurred
source will have the second highest priority and will beand decides on the relative priority. The Interrupt Status
allocated into IINT1 (Internal INT1). Bits[15:8] are enable Register can be used for polling interrupts mode.

Bank 15/Ext 6 Reg
|D15|D14|D13|D12|D]1|D10| D9 I D8 I D7| D6|D5 I D4 I D3 I D2| D1|DO|

I IINTO Source

0000 : A/D Finish 0001 : SPI

0010 : Timer0 0011 : Timerl
0100 : Timer2 0101 : INTO H/W
0110 : INT1 H/W 0111 : INT2 H/W
1000 — 1111 : lINTO Disabled

IINT1 Source
0000 : A/D Finish 0001 : SPI
0010 : Timer0 0011 : Timerl
0100 : Timer2 0101 : INTO H/W

0110 : INT1 H/W 0111 : INT2 H/W
1000 — 1111 : IINT1 Disabled

IINT2 Interrupt Sources

Note: An Interrupt that is not selected as a source to IINTO, IINT1 or IINT2 is disabled. Igﬁ;ﬁgt 'Bﬁg&‘ét

Bit 8 = A/D Finish 1
Bit 9 = SPI 1
Bit 10 = TimerO 1
Bit 11 = Timerl 1
Bit 12 = Timer2 1
Bit 13 = INTO H/W 1
Bit 14 = INTL H/W 1
Bit 15 = INT2 H/W 1

O OO O oo oo

Figure 28. Interrupt Allocation Register
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FUNCTIONAL DESCRIPTION

Instruction Timing. Most instructions are executed in one fractional two’s-complement, 16-bit binary numbers (Figure
machine cycle. Long immediate instructions and Jump oR9). This puts them in the range [-1 to 0.9999695], and the
Call instructions are executed in two machine cycles. Aesult is in 24 bits so that the range is [-1 to 0.9999999]. In
multiplication or multiplication/accumulate instruction addition, if 8000H is loaded into both X and Y registers, the
requires a single cycle. Specific instruction cycle times areesulting multiplication is considered an illegal operation
described in the Condition Code section. as an overflow would result. Positive one cannot be
represented in fractional notation, and the multiplier will
Multiply/Accumulate. The multiplier can perform a 16-bit actually yield the result 8000H x 8000H = 8000H (-1 x -1
X 16-bit multiply, or multiply accumulate, in one machine = -1).
cycle using the Accumulator and/or both the X and Y
inputs. The multiplier produces a 32-bit result, howeverALU. The ALU has two input ports, one of which is
only the 24 most significant bits are saved for the nextonnected to the output of the 24-bit Accumulator. The
instruction or accumulation. For operations on very smalbther input is connected to the 24-bit P-Bus, the upper 16
numbers where the least significant bits are important, thieits of which are connected to the 16-bit D-Bus. A shifter
data should first be scaled by eight bits (or the multipliebetween the P-Bus and the ALU input port can shift the
and multiplicand by four bits each) to avoid truncationdata by three bits right, one bit right, one bit left or no shift
errors. Note that all inputs to the multiplier should be(Figure 30).

DDATA DDATA

/ ]
/“ / XDATA A
VA ] . .
Mult. (24) Shift Unit *
16 16
[ y 7 * Options:
. . 16 124124 1BitRight
X Register (16) | Y Register (16) Y 1 1 3 Bits Right
. No Shift
Multiplier 24 24 \MUX/ 1 Bit Left
] P Register (24) 24
Y Y
24 . . . .
y Arithmetic Logic Unit (ALU)
4 . .
124 Shift Unit *
24
24 * Options: Y
y v 1 Bit Right Accumulator (24)
3 Bits Right
MUX No Shift |
1 Bit Left
24

Figure 30. ALU Block Diagram

Figure 29. Multiplier Block Diagram
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FUNCTIONAL DESCRIPTION (Continued)

Hardware Stack. A six-level hardware stack is connected Wait-State Generator. An internal Wait-State generator is
to the D-Bus to hold subroutine return addresses or datprovided to accommodate slow external peripherals. A
The Call instruction pushes PC+2 onto the stack, and thgingle Wait-State can be implemented through a control
RET instruction pops the contents of the stack to the PQegister. For additional states, a dedicated pin
(WAIT) can be held High. The WAIT pin is monitored only
User Inputs. The Z89323 has two inputs, UI0 and Ul1, during execution of a read or write instruction to external
which may be used by Jump and Call instructions. Theeripherals (EXT bus).
Jump or Call tests one of these pins and if appropriate,
jumps to a new location. Otherwise, the instruction behaveAnalog to Digital Converter. The 289323 has a 4-channel,
like a NOP. These inputs are also connected to the statBsbit half-flash analog to digital converter. Two external
register bits S10 and S11, which may be read by theeference voltages are available externally. The ADC
appropriate instruction (Figure 8). prescales to the system clock and can drive an interrupt at
the end of a conversion. There are four channels of input
User Outputs. The status register bits S5 and S6 connecwith the ADC which can be programmed to convert values
directly to UOO and UOL1 pins and may be written to by theeither continuously or on an event (timer or interrupt).
appropriate instructionNote: The user output value is the
opposite of the status register content. Timer/Counter/PWMs (TO, T1). Timer0 and Timerl are
16-bit timer-counters with 8-bit prescalers. They also offer
Interrupts. The Z89323 has three positive edge-triggeredhe option of being used as PWM generators and have
interrupt inputs serving up to eight interrupt sources. Arboth hardware and software Watch-Dog capabilities. Both
interrupt is acknowledged at the end of an instructionimers are identical and can be externally or internally
execution. It takes two machine cycles to enter an interrumlocked and can drive any of the three hardware interrupts.
instruction sequence. The PC is pushed onto the stack and
Interrupts are globally disabled. A RET instruction transfersTimer/Counter (T2). Timer 2 is a general-purpose 16-bit
the contents of the stack to the PC and decrements thiener/counter. It can be externally or internally clocked and
stack pointer by one word. The priority of the interrupts isdrive either IINTO and IINT1.
IINTO = highest, IINT2 = lowestNote: The SIEF instruction
globally enables the interrupts. The SIEF instruction musPort 0. Port 0 is a 16-bit user I/O port. Bits can be
be used before exiting an interrupt routine since theonfigured as input or output or globally as open-drain
interrupts are automatically disabled when entering theutput. When enabled, Port 0 consumes the 16 data lines
routine. (See Interrupt Controller section for more details.used by the EXT bus. Port O function and EXT use can be
dynamically changed by enabling and disabling Port O.
Registers. The Z89323 has 28 physical internal registers,
eight external registers and 15 peripheral control register®ort 1. Port 1 is an 8-bit user I/O port. Bits can be
The EA2-EAO0 determines the address of the externatonfigured as input or output or globally as open-drain
registers. The signals are used to read from or write to theutput.
external registers /DS, WAIT, RD//WR.
Port 2. Port 2 has multiple functions. It can be used as an
I/O Bus. The processor provides a 16-bit, CMOS-8-bit user I/O port when the other functions within the port
compatible bus. 1/O Control pins provide convenientare not in use. As an I/O port, these bits can be configured
communication capabilities with external peripherals, ands input or output or globally as open-drain output. Port 2
single-cycle access is possible. For sloweralso supports the SPI, CLKOUT, all three external hardware
communications, an on-board hardware wait-staténterrupt signals and all three timer input and output
generator can be used to accommodate timing conflictsignals.
Three latched I/O address pins are used to access external
registers. Disabling a peripheral allows access to these
addresses for general-purpose use.
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RAM ADDRESSING

The address of the RAM is specified in one of three ways (Figure 22):

RAMO RAM1
RAM Pointers %FF %FF RAM Pointers
oo ] = = —
P1:0 256 x 16-Bit 256 x 16-Bit I:I P11
%37 %0321 %0321 %04 <
S4/S3=01
%00 %00
Data Pointers
Internal ROM
_ D1:.0 D1:1
_ D2:0 D2:1
4K x 16-Bit D3:0 D3:1
@@P1:0 L—p 940321 %1234 l4—! @DO0:1  Each of the following instructions
load %1234 into the Accumulator:
— LDA,@@P1:0
— LD A,@DO0:1
%0000 —
Figure 31. RAM, ROM, and Pointer Architecture
Register Indirect
Pnibn=0-2, b =0-1 b nt n0
The most commonly used method is a register indirect ps| o3lo2 | o1l oo
addressing method, where the RAM address is specified

by one of the three RAM address pointers (n) for each bank
(b). Each source/destination field in Figures 6 and 9 may
be used by an indirect instruction to specify a register
pointer and its modification after execution of the instruction.

L RAM Pointer Register

Operation
RAM Bank

Figure 32. Indirect Register

DS95DSP0101 Q4/95
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The register pointer is specified by the first and second bitgyhen LOOP mode is selected, the pointer to which the
in the source/destination field and the modification isjoop is referring will cycle up or down, depending on

specified by the third and fourth bits according to thewhether a —LOOP or +LOOP is specified. The size of the

following table: loop is obtained from the least significant three bits of the
Status Register. The increment or decrement of the register
D3-DO Meaning is accomplished modulo the loop size. As an example, if
the loop size is specified as 32 by entering the value 101
00xx NOP No Operation into bits 2-0 of the Status Register (S2-S0) and an increment
01xx +1 Simple Increment +LOORP is specified in the address field of the instruction,
10xx -1/LOOP Decrement Modulo the Loop Count for example, the RPi field is 11xx, then the register specified
11xx +1/LOOP Increment Modulo the Loop Count by RPi will increment, but only the least significant five bits

will be affected. This means the actual value of the pointer
will cycle round in a length 32 loop, and the lowest or
highest value of the loop, depending on whether the loop
is up or down, is set by the three most significant bits. This
allows repeated access to a set of data in RAM without
N*O‘I‘]?:bit 8 is 7er0. POD t0 P20 are selected: software intervention. To clarify, if the pointer value is
it bit 8 is one,’ PO'L to P21 are selected. 10101001 and if the loop = 32, the pointer increments up
to 10111111, then drops down to 10100000 and starts
again. The upper three bits remaining unchanged. Note
that the original value of the pointer is not retained.

xx00 PO:0 or PO:1 *
xx01 P10 or P11 *
xx10 P20 or P2:1 *
xx11 See Short Form Direct

Direct Register

The second method is a direct addressing method. Thmnsumes nine bits (0-511) of the instruction field, some
address of the RAM is directly specified by the addresastructions cannot use this mode (see Figure 33).

field of the instruction. Because this addressing method

D15| D14] D13| D12| D11] D10} D9 | D8 | D7 | D6 | D5| D4 | D3| D2 | D1 | DO

RAM Address
Opcode

Figure 33. Direct Internal RAM Address Format

Short Form Direct

Dn:b n =0-3, b = 0-1

The last method is called Short Form Direct Addressinglocated in the RAM bank, which can then be used to point
where one out of 32 addresses in internal RAM can b® a program memory location. This facilitates downloading
specified. The 32 addresses are the 16 lower addresseslaokup tables and other instructions from program memory
RAM Bank 0 and the 16 lower addresses in RAM Bank 1to RAM.

Bit 8 of the instruction field determines RAM Bank 0 or 1.

The 16 addresses are determined by a 4-bit code comprised b n3 n2 nl n0

of bits S3 and S4 of the status register and the third and D8l salssloslo

fourth bits of the Source/Destination field. Because this

_mode can speqlfy a direct .addre.ss ina short form, all of the RAM Address
instructions using the register indirect mode can use this RAM Bank
mode (Figure 30). This method can access only the lower

16 addresses in the both RAM banks and as such has

limited use. The main purpose is to specify a data register, Figure 34. Short Form Direct Address

40 DS95DSP0101 Q4/95



N 2L

PRELIMINARY

789323/373/393
16-BIT DIGITAL SIGNAL PROCESSORS

INSTRUCTION FORMAT

Table 13. Registers

Table 14. Register Pointers Field

Source/Destination Register Source/Destination Meaning

0000 BUS! 00xx NOP

0001 X 01xx +1

0010 Y 10xx -1/LOOP

0011 A 11xx +1/LOOP

0100 SR xx00 PO:0 or PO:®#

0101 STACK xx01 P1:0 or P1:#

0110 PC xx10 P2:0 or P2:#

0111 P xx11 Short Form Direct Mod#&

Notes:

1000 EXTO [1] If RAM Bank bit is 0, then Pn:0 are selected.

1001 EXT1 If RAM Bank bit is 1, then Pn:1 are selected.

1010 EXT2 [2] Read only.

1011 EXT3 [3] When the short form direct mode is selected,

00000-01111 or 10000-11111 are used as RAM addresses.

1100 EXT4

1101 EXTS

1110 EXT6

1111 EXT7

D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
I— Source field
Destination field
RAM Bank selection
Opcode
Note: Source/Destination fields can specify either register
or RAM address in RAM pointer indirect mode.
Figure 35. General Instruction Format
D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

Figure 36. Short Immediate Data Load Format

Short Immediate Data

Reg. Pointer
P0:0

P1:0

P2:0

NA

PO:1

P1:1

P2:1

NA

QUG o Y Y G O o W )
oo —-o—+0

oo 42,0000

=]
OO
o o
o

(9°]
—_
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INSTRUCTION FORMAT (Continued)

D15

D14

D13|D12 | D11

D10

D9

D8

D7

D6

D5

D4

D3

D2

D1

DO

D15

D14

D13|D12|D11

D10

D9

D8

D7

D6

D5

D4

D3

D2

D1

DO

Figure 37. Immediate Data Load Format

D15] D14

D13]D12

D11 D10

D9

D8

D7

D6

D5

D4

D3

D2

D1

DO

Figure 38. Accumulator Modification Format

1st Word
General Instruction Format

2nd Word

Immediate Data

ACC Modification Codes

0000 ROR Rotate right

01 ROL Rotate left

10 SHR Shift right

11 SHL Shift left

00 INC Increment (LSB)
01 DEC Decrement (LSB)
10 NEG Negate

11 ABS Absolute

ondition Codes

uo1=0
uo1=0
C=0
Z=0
0ov=0
N=0
TRUE
U00=1
uo1=1
C=1
Z=1
ov=1
N=1

— 0O 00O OOCO—~LOODODODCDODODODOLOCDOLOOO [N o NoNoNoNoNa)

X =4 = 24 1 0000X 4221420000
X 400022 00OX 4 w0002 200
X a0 2002020 X a0 10010 —

egative Condition
ositive Condition

— O
mnn
o=

001000

42
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D15

D14

D13

D12

D11

D10

D9

D8| D7 | D6| D5| D4| D3

D2

D1

DO

1st Word

X X X X
Condition Codes

0000 TRUE
u00=0
uo1=0
C=0
Z=0
0v=0
N=0
TRUE
u00=1
uo1=1
C=1
Z=1
ov=1
N=1

[N e N NN en N Neo Neo i oo N eo oo e N e Nao N an)
—_— a1 L 00000 OX a2 A4 000
—_—_ OO 12 O OOX 4 OO+ —=O
L, OO0, —2OX AL OO —-O —

—_
>
>
>

Condition

0 = Negative
Condition

1 = Positive Condition

D15

D14

D13

D12

D11

D10

D9

D8| D7 | D6| D5 | D4| D3

D2

D1

DO

Opcode
0100110
Branch
0100100 Call

2nd Word

Figure 39. Branching Format

D15

D14

D13

D12

D11

D10

D9

D8

D7| D6 | D5 | D4 | D3| D2

D1

DO

Figure 40. Flag Modification Format

Branch Address

xx10
xx11
x1x0

Reset C flag

Set Cflag

Reset IE Flag
(Interrupt enable)
Set |E Flag

Reset OP Flag
(Overflow protection)
Set  OP Flag

x1x1
1xx0

1xx1
XX X X

Opcode
1001010 Mod

DS95DSP0101 Q4/95
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ADDRESSING MODES

This section discusses the syntax of the addressing modes
supported by the DSP assembler.

Table 15. Addressing Modes

Symbolic Name Syntax Description

<pregs> Pn:b Pointer Register

<dregs> Dn:b Data Register

(Points to RAM)

<hwregs> X,Y,PC,SR,P Hardware Registers
EXTn,A,BUS

<accind> @A Accumulator Memory Indirect

(Points to Program Memory)

<direct> <expression> Direct Address Expression

<limm> #<const exp> Long (16-bit) Immediate Value

<simm> #<const exp> Short (8-bit) Immediate Value

<regind> @Pn:b Pointer Register Indirect

(Points to RAM) @Pn:b+ Pointer Register Indirect with Increment
@Pn:b—LOOP Pointer Register Indirect with Loop Decrement
@Pn:b+LOOP Pointer register Indirect with Loop Increment

<memind> @@Pn:b Pointer Register Memory Indirect

(Points to Program Memory) @Dn:b Data Register Memory Indirect
@@Pn:b—LOOP Pointer Register Memory Indirect with Loop Decrement
@@Pn:b+LOOP Pointer Register Memory Indirect with Loop Increment
@@Pn:b+ Pointer Register Memory Indirect with Increment

44
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There are eight distinct addressing modes for data transfehe RAM is in turn specified by the value in the pointer.

Note that the data pointer can also be used for a memory
<pregs>, <hwregs> These two modes are used for simpleaccess in this manner, but only one “@” precedes the
loads to and from registers within the chip, such as loadingointer. In both cases, the memory address stored in RAM
to the Accumulator, or loading from a pointer register. Thds incremented by one, each time the addressing mode is
names of the registers need only be specified in thased, to allow easy transfer of sequential data from
operand field (destination first, then source). program memory.

<regind> This mode is used for indirect accesses to theaccind> Similar to the previous mode, the address for the

data RAM. The address of the RAM location is stored in thggrogram memory read is stored in the Accumulator. @A in

pointer. The “@” symbol indicates “indirect” and precedesthe second operand field loads the number in memory

the pointer, therefore @P1:1 instructs the processor tspecified by the address in A.

read or write to a location in RAM1, which is specified by

the value in the pointer. <direct> The direct mode allows read or write to data RAM
from the Accumulator by specifying the absolute address

<dregs> This mode is also used for accesses to the dataf the RAM in the operand of the instruction. A number

RAM, but only the lower 16 addresses in either bank. Théetween 0 and 255 indicates a location in RAMO, and a

4-bit address comes from the status register and theumber between 256 and 511 indicates a location in

operand field of the data pointer. Note that data registelRAML.

are typically used not for addressing RAM, but loading

data from program memory space. <limm> This address mode indicates a long immediate
load. A 16-bit word can be copied directly from the

<memind> This mode is used for indirect accesses to th®@perand into the specified register or memory.

program memory. The address of the memory is located

in a RAM location, which is specified by the value in a<simm> This address mode can only be used for immediate

pointer. Therefore, @@P1:1 instructs the processor ttvansfer of 8-bit data in the operand to the specified RAM

read (write is not possible) from a location in memory,pointer.

which is specified by a value in RAM, and the location of

CONDITION CODES

The following Instruction Description defines the conditionone of its addressing modes, the instruction will only
codes supported by the DSP assembler. If the instructioexecute if the condition is true.
description refers to the <cc> (condition code) symbol in

Code Description Code Description

C Carry NU1 Not User One

EQ Equal (same as Z) NZ Not zero

F False (0)Y] Overflow

IE Interrupts Enabled PL Plus (Positive)

Ml Minus uo User Zero

NC No Carry Ul User One

NE Not Equal (same as NZ) UGE Unsigned Greater Than or
NIE Not Interrupts Enabled Equal (Same as NC)

NOV Not Overflow ULT Unsigned Less Than (Same as C)
NUO Not User Zero 4 Zero
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INSTRUCTION DESCRIPTIONS

Inst Description Synopsis Operands Uords Cycles Ex:amples

AS AbsoluteValue ABS[<cc> ks> <A 1 1 ABSNCA
A 1 1 ABSA

AD Addition ADD<dest><sc> Apregs> 1 1 ADDAPC0
A<dregs> 1 1 ADDADOO
A<imm> 2 2 ADDAH#Y61234
A<meming> 1 3 ADDA@@PC0
A<direct> 1 1 ADDAYOF2
A<regind> 1 1 ADDA@P11
Awregs> 1 1 ADDAX
A<smm> ADDA#%12

AD BitwiseAND AND<dest><sc> Aregs> 1 1 ANDAP20
A<degs> 1 1 ANDADO1
A<imm> 2 2 ANDAHY61234
A<memind> 1 3 ANDA@@P10
A<direct> 1 1 ANDAY2C
A<regind> 1 1 ANDA@P1:2+H.00P
Awregs> 1 1 ANDAEXT3
A<smm> ANDA#%012

CAL Subroutinecall CALL [<cc>address> <cc><direct> 2 2 CALLZsub2
<direct> 2 2 CALLsubl

aF Clearcarryflag arF Noe 1 1 -

(0S5 ClearCanyFlag B Noe 1 1 (0SS

[€ozE ClearOPflag o Noe 1 1 o

@ Comparison CP<gtl><sc2> Apregs> 1 1 CPAPOO
A<dregs> 1 1 CPAD31
A<meming> 1 3 CPA@@PCO1
A<direct> 1 1 CPAYGH-
A<regind> 1 1 CPA@P21+
Awregs> 1 1 CPASTACK
A<dmm> 2 2 CPA#YIHCF
A<smm> CPA#%12

(DZ9} Decrement DECI<cc> dest> <A 1 1 DECNZA
A 1 1 DECA

NC Increment INC[<cc>,|<dest> <A 1 1 INCPLA
A 1 1 INCA

P Jp JP[<ce> kaddress> <cc><direct> 2 2 JPNIE,Label
<direct> 2 2 JPLabel
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Inst Description Synopsis Operands Words Cydes Examples

D Loaddestination  LD<dest><src> Ahwregs> 1 1 LDAX

withsource A<dregs> 1 1 LDADOO

A<pregs> 1 1 LDAPO1

A<regnd> 1 1 LDA@PL1

A<memind> 1 3 LDA@DO0

A<drect> 1 1 LDA124

<drect>A 1 1 LD124A

<dregs><twregs> 1 1 LDDOOEXT7

<regs><smm> 1 1 LDP1:1#%FA
<regs><twregs> 1 1 LDPL1EXT1
<regind>,<limm> 1 1 LD@PL1#1234
<regind><hwregs> 1 1 LD@PL1+X
<twregs><pregs> 1 1 LDY,P00
<twregs><dregs> 1 1 LDSR D00
<hwregs><imm> 2 2 LDPC#%61234

<hwregs><acand> 1 3 LDX@A

<twregs><memind> 1 3 LDY,@D00

<hwregs><regind> 1 1 LDA@POO-LOOP
<twregs><hwregs> 1 1 LDXEXT6

Note: When<dest>is<hwregs>,<dest>cannotbeP.

Note: When<dest>is<hwregs>and<src>is<twregs>,<dest>cannotbeEXTn
if<src>isEXTn,<dest>cannotbe Xif<src>is X, <dest>cannotbe SR
if<src>isSR.

Note: When<src>is<accind><dest>cannotbeA.

MD Multiply MLD<srck> <srch>[,<bankswitch>] <hwregs><regind> 1 1 MLDA@PC0H.O0P
<hwregs><regind><bankswich> 1 1 MLDA@P1.00OF
<regind><regind> 1 1 MLD@PL1,@P20
<regind><regind><bankswitch> 1 1 MLD@PO:1L@PLOON
Note: Ifsrclis<regind>itmustbeabanklregister.Src2's<regindmustbe

Note:
Note:

abankOregister.

<hwregs>forsrclcannotbeX.
Fortheoperands<hwregs>,<regind>the<bandswitch>defaiistoOFF.
Fortheoperands<regind>,the<bankswitch>defaultstoON.

MPYA  Multiplyandadd

MPYA<srch> <src2>,<bankswitch>]

<fwregs><regind> 1 1  MPYAA@POD
<wregs><regind><bankswitch> 1 1 MPYAA@PLOOFF
<egind><regind> 1 1  MPYA@PLL@P20
<egnd><regind><barkswitth> 1 1 MPYA@POL@PLOON

Note:

Note:
Note:

Ifsrclis<regind>itmustbeabank 1 register. Src2's<regind>mustbe
abankOregister.

<hwregs>forsrclcannotbeX.
Fortheoperands<twregs>,<regind>the<bankswitch>defaultstoOFF.
Fortheoperands<regind>,the<bankswitch>defaultstoON.
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INSTRUCTION DESCRIPTIONS (Continued)

Inst  Description Synopsis Operands Words Cycles Examples
MPYS  Multiplyand MPY S<srcl> <src2>[<bankswitch>]  <hwregs><regind> 1 1 MPYSA@POO
subtract <hwregs><regind><bankswitch> 1 1 MPYSA@PLOOH
<regind><regind> 1 1 MPYS@PL1@P20
<regind><regind><bankswitch> 1 1 MPYS@POL@PLOON
Note: Ifsrclis<regind>itmustbeabank1register.Src2's<regind>mustbe
abankOregister.
Note: <hwregs>forsrclcannotbeX.
Note: Fortheoperands<hwregs>,<regind>the<bankswitch>defaultstoOFF.
Fortheoperands<regind>,<regind>the<bankswitch>defaultstoON.
NG Negge NEG<c>A <cc>A 1 1 NEGMA
A 1 1 NEGA
NOP  Nooperation NOP Noe 1 1 NP
xR BiwiseOR OR<dest><src> A<pregs> 1 1 ORAPO1
A<dregs> 1 1 ORADO1
A<limm> 2 2 ORAMRC2L
A<memind> 1 3 ORA@@P21+
A,<direct> 1 1 ORA%2C
A <regind> 1 1 ORA@PI0LOOP
A<hwregs> 1 1 ORAEXT6
A<smm> ORA#%12
RP  Popvaue POP<dest> <pregs> 1 1 POPP0O
fromstack <degs> 1 1 POPDO1
<regind> 1 1 POP@POO
<wegs> 1 1 POPA
RBH  Pushvaue PUSH<src> <pregs> 1 1 PUSHPOO
ontostack <degs> 1 1 PUSHDO1
<tegind> 1 1 PUSH@POO
<wegs> 1 1 PUSHBUS
<imm> 2 2  PUSH#12345
<apdnd> 1 3 PUSH@A
<memind> 1 3 PUSH@@POO
R Retumfromsubroutne  RET Nore 1 2 K
R Rotatel eft RL<cc>A <A 1 1 RINZA
A 1 1 RA
R RotateRight RR<cc>A <A 1 1 RRCA
A 1 1 RRA
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Inst  Description Synopsis Operands Uords Cydles Examples

SF SetCflag SF Noe 1 1 SF

K- SetlEflag K- Noe 1 1 -

SN Shiftleft SN [<oc>)A 1 1 SLLNZA

logical A 1 1 SLLA
SOF  SetOPflag SFF Nore 1 1 SF
A Shiftright SRACCA <A 1 1 SRANZA
arnthmetic A 1 1 SRAA

9B  Subtact SUB<dest><sic> Apregs> 1 1 SUBAPL1
A<dregs> 1 1 SUBADOL
A<imm> 2 2 SUBA#/2C2C
A<memind> 1 3 SUBA@DO1
A, <direct> 1 1 SUBA%015
A <regind> 1 1 SUBA@P20-LO0P
A<hwregs> 1 1 SUBASTACK
A<smm> SUBA#%12

XR  BiwiseexclusiveOR XOR<dest><sc> A<pregs> 1 1 XORAP20
A<dregs> 1 1 XORADO1
A,<limm> 2 2 XORA#13933
A<memind> 1 3 XORA@@P21+
A, <direct> 1 1 XORAY2F
A <regind> 1 1 XORA@P20
A<hwregs> 1 1 XORABUS
A<simm> XORA#/12

Bank Switch Enumerations.

The third (optional) operand the direction of the switch. These keywords are referenced
of the MLD, MPYA and MPYS instructions representsin the instruction descriptions through the <bank switch>
whether a bank switch is set ON or OFF. To more clearlgymbol. The most notable capability this provides is that a
represent this, the keywords ON and OFF are used to stegeurce operand can be multiplied by itself (squared).

DS95DSP0101 Q4/95
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ABSOLUTE MAXIMUM RATINGS

Symbol  Description Min. Max. Units
Vee Supply Voltage (*) -0.3 +7.0 \%
Tero Storage Temp -65 +150 °C
T, Oper Ambient Temp t °C
Notes:

* Voltage on all pins with respect to GND.
t See Ordering Information.

Stresses greater than those listed under Absolute Maximum
Ratings may cause permanent damage to the device. This
is a stress rating only; operation of the device at any

condition above those indicated in the operational sections
of these specifications is not implied. Exposure to absolute
maximum rating conditions for extended period may affect

device reliability.

STANDARD TEST CONDITIONS

+5V

The characteristics listed below apply for standard test

conditions as noted. All voltages are referenced to Ground.

Positive current flows into the referenced pin (Figure 41). 2.1 kOhm
From Output
Under Test
30 pF
9.1 kOhm
Figure 41. Test Load Diagram
DC ELECTRICAL CHARACTERISTICS (20 MHZ)
(Vo= 5V #10%, T, = 0°C to +70C, unless otherwise noted.)
fclock=20MHz Standard Temp Extended Temp
T,=0°t0+70C T,=-40t0+85C
Symbol Parameter Condition Min. Max. Min. Max. Units
Lo SupplyCurrent V=55V @ S5 A
L DCPowerConsumption 5 5 nA
\4 InputHighLevel 27 27 \%
\A InputLowLevel 8 8 Vv
L InputLeakage 10 10 A
v, OutputHighVoage |, =—100pA V02 V2 Vv
v, InputLow\oltage ., =20mA 5 5 \Y;
L OutputFloating
LeakageCurrent 0 10 1A
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AC ELECTRICAL CHARACTERISTICS (20 MHZ)
(Vo= 5V £10%, T, = 0°C to +70C, unless otherwise noted.)

Standard Temp

T, =0°to +70°C

Symbol Parameter Min. Max. Units
Clock

TCY Clock Cycle Time 50 ns
Tr Clock Rise Time 2 ns
Tt Clock Fall Time 2 ns
CPW Clock Pulse Width 23 ns
/0

DSVALID /DS Valid Time from CLOCK Fall 0 15 ns
DSHOLD /DS Valid Time from CLOCK Rise 4 15 ns
EASET EA Setup Time to /DS Fall 12 ns
EAHOLD EA Hold Time from /DS Rise 4 ns
RDSET Data Read Setup Time to /DS Rise 14 ns
RDHOLD Data Read Hold Time from /DS Fall 6 ns
WRVALID Data Write Valid Time from /DS Fall 18 ns
WRHOLD Data Write Hold Time from /DS Rise 5 ns
Interrupt

INTSET Interrupt Setup Time to CLOCK Fall 7 ns
INTWIDTH Interrupt Low Pulse Width 1TCY ns
Reset

RRise Reset Rise Time 1000 ns
RSET Reset Setup Time to CLOCK Rise 15 ns
RWIDTH Interrupt Low Pulse Width 2TCY ns
Wait State

WSET Wait Setup Time to CLOCK Rise 23 ns
WHOLD Wait Hold Time from CLOCK Rise 1 ns
Halt

HSET Halt Setup Time to CLOCK Rise 3 ns
HHOLD Halt Hold Time from CLOCK Rise 10 ns
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AC ELECTRICAL CHARACTERISTICS (20 MHZ) (Continued)
(Vo= 5V £10%, T, = 0°C to +70C, unless otherwise noted.)

Analog to Digital Min. Typical Max Units
Resolution 8 Bits
Integral Non-Linearity 0.5 1 LSB
Differential Non-Linearity 0.5 1 LSB
Zero Error at 2%C 45 mV
Supply Range 4.5 5.0 5.5 Volts
Power Dissipation, No Load 50 85 mw
Clock Frequency 33 MHz
Input Voltage Range VALO VAHI Volts
Conversion Time 2 psec
Input Capacitance on ANA 25 40 pF
VAHI Range VALO +2.5 ANVCC Volts
VALO Range ANGND ANVCC -2.5 Volts
VAHI-VALO 2.5 ANVCC Volts

DC ELECTRICAL CHARACTERISTICS (10 MHZ)
(V= 5V £10%, T, = 0°C to +70C, unless otherwise noted.)

fclock=10MHz Standard Temp Extended Temp
T,=0t0+70C T,=-40t0+85C
Symbol Parameter Condition Min. Max. Min. Max. Units
Ly SupplyCurrent V=55V D % A
le DCPowerConsumption 5 5 A
v, InputHighLevel 27 27 \%
\A InputLowLevel 8 8 \%
L Input_eakage 10 10 A
V,, OutputHighVoltage |, =—100pA V02 V2 Y,
vV, InputLowVoltage l,,.=2.0mA 5 5 \
L OutputFloating

LeakageCurrent 10 10 A
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AC ELECTRICAL CHARACTERISTICS (10 MHZ)
(Vo= 5V £10%, T, = 0°C to +70C, unless otherwise noted.)

Standard Temp
T,=0°to +70°C

Symbol Parameter Min. Max. Units
Clock
TCY Clock Cycle Time 100 ns
Tr Clock Rise Time 2 ns
TS Clock Fall Time 2 ns
CcPW Clock Pulse Width 48 ns
/0
DSVALID /DS Valid Time from CLOCK Fall 0 25 ns
DSHOLD /DS Valid Time from CLOCK Rise 6 25 ns
EASET EA Setup Time to /DS Fall 18 ns
EAHOLD EA Hold Time from /DS Rise 6 ns
RDSET Data Read Setup Time to /DS Rise 21 ns
RDHOLD Data Read Hold Time from /DS Fall 9 ns
WRVALID Data Write Valid Time from /DS Fall 30 ns
WRHOLD Data Write Hold Time from /DS Rise 8 ns
Interrupt
INTSET Interrupt Setup Time to CLOCK Fall 11 ns
INTWIDTH Interrupt Low Pulse Width 1TCY ns
Reset
RRise Reset Rise Time 1500 ns
RSET Reset Setup Time to CLOCK Rise 22 ns
RWIDTH Interrupt Low Pulse Width 2TCY ns
Wait State
WSET Wait Setup Time to CLOCK Rise 35 ns
WHOLD Wait Hold Time from CLOCK Rise 2 ns
Halt
HSET Halt Setup Time to CLOCK Rise 5 ns
HHOLD Halt Hold Time from CLOCK Rise 15 ns
Analog to Digital Min. Typical Max Units
Resolution 8 Bits
Integral Non-Linearity 0.5 1 LSB
Differential Non-Linearity 0.5 1 LSB
Zero Error at 2%C 45 mV
Supply Range 4.5 5.0 5.5 Volts
Power Dissipation, No Load 50 85 mw
Clock Frequency 33 MHz
Input Voltage Range VALO VAHI Volts
Conversion Time 2 psec
Input Capacitance on ANA 25 40 pF
VAHI Range VALO +2.5 ANVCC Volts
VALO Range ANGND ANVCC -2.5 Volts
VAHI-VALO 2.5 ANVCC Volts
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TIMING DIAGRAMS

!= o e
CLOCKM
. WF

— cPW —|
DSHOLD)
DSVALID e—

/DS

EAHOLD
—»| EASET |«— — |—

EA(2:0) >< Valid Address Out ><

RD//WR RDHOLD
—>

—>| RDSET [<+—

EXT(15:0) >< Data In ><

Figure 42. Read Timing

| TCY
|

< ;l
¢ Vl

CLOCKW

—{ WHOLD

—>| WSET |e——

WAIT / \
DS \ /
EA(2:0) >< Valid Address Out

RD//WR

EXT(15:0) >< Data In

Figure 43. Read Timing Using WAIT Pin
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| TCY

CLOCKW
—|DSHOLD |<—
DSVALID [e—

—»| EASET |e— —»|EAHOLD|<—

EA(2:0) >< Valid Address Out ><

vy

/DS

le— —| EAHOLD |<—

—>' EASET
RD//WR \\ /

L_ —|WRHOLD|
AJ WRVALID
EXT(15:0) >< Data In ><

Figure 44. Write Timing

WAIT / \

EA(2:0) >< valid Address Out

RD//WR

EXT(15:0) X Data In

Figure 45. Write Timing Using WAIT Pin
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TIMING DIAGRAMS (Continued)

|<—TCY —>|

INTSET

INT 0,1,2—\_/

—| INTWidth |—

PROGRAM —
it >< Fetch N -1 >< Fetch N >< Fetch N +1 ><Fetch Int_Add>< Fetch | >< Fetch | +1
EXECUTE >< ><Execute N —1>< Execute N ><CALL Int Routine>€xecute Int Routir><

Figure 46. Interrupt Timing

l~—TCY—

CLOCK_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\

HHOLD
—>|HSET —
HALT_/_\

Figure 47. HALT Timing
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- TCY

—»‘ |<— RSET |<—RR|SE
/IRESET AN

fe—— RWIDTH4>|
TN /
ExeCUTE 3 cycle 0 X Cycle 1 3 Cycle 2 3 cyole 3 X Cycle 4 ) Cycle 5 3 Code Execy

RD//WR / ¢
DS / ¢
U0O-1 / ¢
™ K
EXT0-15 X Tri-Stated X
PAO-15 X Tri-Stated X Access Reset Vector %
X X

* The RAM and hardware registers are left intact
during a warm reset. A cold reset will produce
random data in these locations. The status
register is set to zeroes in both cases.

Figure 48. RESET Timing

TCY

- CN/ O/ \

PAVALID |<—
PROGRAM . . .
ADDRESS >< Valid >< Valid >< Valid

PDSET
L———PDHOLD
PROGRAM
DATA :><i :><i Valid :><i :><: Valid )X( :><i Valid

Figure 49. External Program Memory Port Timing
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PACKAGE INFORMATION

TOP VIEW A
D Al
i
n 0.66/051
45° 026/.020
6 1 40 _L___
iwinisinisieliefniainisl E —
139 i @ a
i 121971067 &
a 0487042 i é‘ﬁ
0517036
; (1 E _1 6207614 b2 zo
il ¥e
wz
) 081/0.66 =8
i .0327.026 =
Ha2s B
- R Ll4/064
045/.025
SympoL | MILLIMETER INCH
NOTES: MIN MAX MIN MAX
1. CONTROLLING DIMENSIONS : INCH A 4.27 457 168 180
2. LEADS ARE COPLANAR WITHIN .004 IN.
3. DIMENSION : _MM Al 2.41 2.92 .095 115
INCH D/E 1740 | 1765 | 685 695
DI/El | 1651 | 1666 | 650 656
D2 1524 | 16.00 | 600 630
L & 1.27 TYP 050 TYP
44-Pin PLCC Package Diagram
10P VEW - A
' ° e Al
45 Dl ——————— —i|=— 0.66/0.51
R . o .026/.020
nnnnnnnnnnnnnnnnn‘ ‘ =y
)3
1 0 60 ' 21
O 4] I;:‘:: fel
; 048% 042 =3 &
n K . =3
—] 5
; = &2
p -l
o) 0.51/0.36 S
b B E | 020/014 ) Ee
b zE
p [aFw]
h 2°
s wo
F -
0 =
: 9.81/0. e
b 032/.026
28 P44
———t. L] i.
27 43 -
r L14/0.64
i .045/.025
SYMBOL MILLIMETER INCH
MIN MAX MIN MAX NOTES:
A 4.32 4.57 170 .180 1. CONTROLLING DIMENSIONS : INCH
Al ) ] ] 1 2. LEADS ARE COPLANAR WITHIN .004 IN RANGE.
243 292 095 15 3. DIMENSION : _MM
D/E 2502 | 25.40 .985 1.000 INCH
DI/E1 | 2413 | 2433 .950 958
02 2286 | 2362 .900 930
E 1.27 TP 050 TYP

68-Pin PLCC Package Diagram
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I HD

D

44-Pin QFP Package Diagram

" HD
D
(B2 AR AR EAc R
651 - ; 1 40

— . -

=" i =]

| — = -

| o— | r—

| maem N | — |

= ! tr—

[ o | P + — e — o — E HE

= i ]

—d . | a—

] | e

— \ )

—d ! b=

80— : rr— 25
0
b
SnBoL MILLIMETER INCH

NOTES: MIN MAX MIN MAX

1. CONTROLLING DIMENSIONS : MILLIMETER

AR Al 0.10 0.30 004 012

004 ) 2.60 2.80 102 110
b 0.30 0.45 012 018
c 013 0.20 005 008
HD 2370 | 2440 | 933 961
D 19.90 | 2010 | .783 791
HE 1770 | 1840 | 697 724
£ 1390 | 1410 | 547 555
@ 0.80 TYP 031 TYP
| @

L 070 | 120 | w028 | 047

80-Pin QFP Package Diagram

SYMBOL MILLIMETER INCH
MIN MAX MIN MAX
At 0.05 0.25 .002 010
A2 2.00 2.25 .078 089
b 0.25 0.45 010 018
c 0.13 0.20 .005 .008
HD 1370 | 145 539 557
D 9.90 | 10.10 .390 398
HE 13.70 | 14.15 .539 557
E 9.90 | 10.10 390 398
0.80 TYP 0315 TYP
L 0.60 1.20 024 | 047
NOTES:

1. CONTROLLING DIMENSIONS : MILLIMETER
2. LEAD COPLANARITY : MAX .10

.004”
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PACKAGE INFORMATION (Continued)

T ] 1
il SRRRRRRRRRRRRRARAARRRRRRRRRRE | 9
% O :%

LR ) .

[

ores: SYMBOL MILLIMETER INCH
1. CONTROLLING DIMENSIONS : MILLIMETER MIN WA MIN MAX
2. MAX COPLANARITY : .10 Al 0.10 0.30 .004 .012
004 ! 260 | 280 | .02 [ .10
b 025 | 040 | 010 | 016
013 | o020 | .005 | .008
HD 2370 | 2440 | 933 | 961
1990 | 2010 | 783 | .791
HE 1770 | 1840 | .697 724
E 1390 [ 1410 | 547 | 585
0.65 TYP 026 TYP
L 070 | 120 | 028 | 047

100-Pin QFP Package Diagram
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ORDERING INFORMATION

789323
44-Pin PLCC

Z8932320VSC
Z8932320VEC

68-Pin PLCC
Z893232XVSC
Z893232XVEC

44-Pin PQFP
Z8932320FSC
Z8932320FEC

80-Pin PQFP
Z893232YFSC
Z893232YFEC

For fast results, contact your local Zilog sales office for

789373

44-Pin PLCC

Z8937316VSC

68-Pin PLCC

Z893731XVSC

44-Pin PQFP

Z8937316FSC

80-Pin PQFP

Z893731YFSC

789393
100-Pin PQFP

Z8939320FSC

assistance in ordering the part desired.

Package
V
F

Plastic QFP

Temperature
S
E

Speed
16 = 16 MHz
20 = 20 MHz

Environmental

Plastic PLCC

CC to +70C
—-40C to +85C

C = Plastic Standard

Example:

Z 89323 20 VvV S C

b

Package

is a Z89323, 20 MHz, PLCC, 0°C to +70°C, Plastic Standard Flow

Environmental Flow
Temperature

Speed / Bond Out Option*

Product Number
Zilog Prefix

* 2X = 20 MHz, 68-pin PLCC style package

20 = 20 MHz, 44-pin package

2Y = 20 MHz, 80-Pin PQFP style package
1X = 16 MHz, 68-Pin PLCC style package

16 = 16 MHz, 44-Pin package

1Y = 16 MHz 80-Pin PQFP style package
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