










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































WE DSP16 Digital Signal Processor 

Table 11. Processor Status Word (PSW) Register 

Bit l15j14j 13l 12l 11l 10J 9 Jaldel5l 4 j3j2J1JoJ 
Field l DAU Flags l X j X ja1[Vij a1[35-32Jj aO[VJj a0[35-32Jj 

Field Value Description 

Wxxx LMI - logical minus when set 

DAU Flags xWxx LEQ - logical equal when set 

xx.Wx LLV - logical overflow when set 

xxxW LMV - mathematical overflow when set 

a1[V] w Accumulator 1 (a1) overflow when set 

Wxxx Accumulator 1 (a1) bit 35 

a1[35-32] xWxx Accumulator 1 (a1) bit 34 

xxWx Accumulator 1 (a1) bit 33 

xxxW Accumulator 1 (a1) bit 32 

aO[V] w Accumulator O (aO) overflow when set 

Wxxx Accumulator O (aO) bit 35 

a0[35-32] xWxx Accumulator 0 (aO) bit 34 

xxWx Accumulator O (aO) bit 33 

xxxW Accumulator O (aO) bit 32 

Table 12. Arithmetic Unit Control (AUC) Register 

Bit 

I 
6 I 5 I 4 

I 
312 

I 
1 I 0 

I Field CLR SAT ALIGN 

Field Value Description 

1xx Clearing yl is disabled (enabled when 0) 

CLR x1x Clearing a1 I is disabled (enabled when 0) 

xx.1 Clearing aOI is disabled (enabled when O) 

SAT 1x a1 saturation on overflow is disabled (enabled when 0) 

x1 aO saturation on overflow is disabled (enabled when 0) 

00 p +- (x X y) 

ALIGN 01 p +- (xx y)-;- 4 

10 P+-(xXy)X4 

11 Reserved 
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Table 13. Parallel 1/0 Control (PIOC) Register 

Bitl15l 14 l 13 l 12 J 11l10J9Jsj?j6jsj4JsJ2l1loJ 

Field[IBF l STROBE }PODSjP1Dsjs1cJ INTERRUPTS l STATUS J 

Field Value Description 

IBF R IBF interrupt status bit (same as bit 4) 

Strobe width of: 
PODS PIDS 

STROBE 00 T* T 
01 2T 2T 
10 3T 3T 
11 4T 4T 

PODS 0 PODS is an input {passive mode) 

1 PODS is an output (active mode) 

PIDS 0 PIDS is an input (passive mode) 

1 PIDS is an output (active mode) 

SIC 0 Not status/control mode 

1 Status/control mode 

1xxxx IBF interrupt enabled (disabled when 0) 

x1xxx OBE interrupt enabled (disabled when 0) 

INTERRUPTS xx1xx PIDS interrupt enabled (disabled when O) 

xxx1x PODS interrupt enabled (disabled when 0) 

xxxx1 INT interrupt enabled (disabled when O) 

Rxxxx IBF status bit 

xRxxx OBE status bit 

STATUS xxRxx PIDS status bit 

xxxRx PODS status bit 

xxxxR INT status bit 

* T - 2 X tCKIHCKIH. See Figure 3. 

Instruction Set Formats 

This section defines the hardware-level encoding of the DSP16 device instructions. 

Multiply/ ALU Instructions 

Format 1: Multiply/ ALU Read/Write Group: 

Field T D S F1 X Y 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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Format 1a: Multiply/ALU Read/Write Group: 

Field T aT s F1 x y 

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

Format 2: Multiply/ ALU Read/Write Group: 

Field T D s F1 x z 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

Format 2a: Multiply/ ALU Read/Write Group: 

Field T aT s F1 x z 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

Special Function Instructions 

Format 3: Special Functions 

Field T D s F2 CON 

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

Control Instructions 

Format 4: Branch Direct Group: 

Field T1 JA 

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

Format 5: Branch Indirect Group: 

Field I T I B I 
Bit 15 I 14 I 13 I 12 I 11 10 I 9 I 8 7 6 5 4 3 2 o I 

Format 6: Conditional Branch Qualifier/Software Interrupt (icall): 
Note that a branch instruction immediately follows except for a software interrupt (icall). 

Field T SI c 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

Data Move Instructions 

Format 7: Data Move Group: 

Field T D R Y/Z 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
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Format 7a: Data Move Group 

Field T aT R y 

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

Format 8: Data Move (immediate operand - 2 words} 

Field T I D I R y 

Immediate Operand 

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

Format 9: Short Immediate Group: 

Field T Short Immediate Operand 

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

Cache Instructions 

Format 10: DO-Redo 

Field T NI K 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
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Field Descriptions 

T Field. Specifies the type of instruction. 

T Operation Format 

OOOOx goto JA 4 
00010 Short imm J, k, rb, re 9 
00011 Short imm rO, r1, r2, r3 9 
00100 Y=a1 F1 1 

00101 Z: aT F1 2a 
00110 y F1 1 
00111 aT=Y F1 1a 
01000 aT=R 7a 

01001 R=aO 7 
01010 R=imm 8 
01011 R=a1 7 
01100 Y=R 7 

01101 Z:R 7 
01110 Do, redo 10 
01111 R=Y 7 
1000x call JA 4 

10010 ifc CON F2 3 
10011 if CON F2 3 
10100 Y=y F1 1 
10101 z: y F1 2 

10110 X=Y F1 1 
10111 y=Y F1 1 
11000 Branch indirect 5 
11001 y=aO x=X F1 1 

11010 Cond. branch qualifier 6 
11011 y=a1 x=X F1 1 
11100 Y=aO F1 1 
11101 Z:y x=X F1 2 
11110 Reserved -
11111 y=Y X=X F1 1 

• Imm - immediate. 

D Field. Specifies a destination accumulator. 

D Register 

0 Accumulator O 
1 Accumulator 1 

aT Field. Specifies transfer accumulator. 

aT Register 

0 Accumulator 1 
1 Accumulator O 

Signal Processing 
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S Field. Specifies a source accumulator. 

s Register 

0 Accumulator O 
1 Accumulator 1 

F1 Field. Specifies the multiply/ ALU function. 

F1 Operation 

0000 aD=p p=X*Y 
0001 aD=aS+p p=x* y 
0010 p=X*Y 
0011 aD=aS-p p=x* y 
0100 aD=p 
0101 aD=aS+p 
0110 NOP 
0111 aD=aS-p 
1000 aD=aSly 
1001 aD=as·y 
1010 aS&y 
1011 aS-y 
1100 aD=y 
1101 aD=aS+y 
1110 aD=aS&y 
1111 aD=aS-y 

x Field. Specifies the addressing of ROM data 
in two-operand multiply/ ALU instructions. 
Specifies the high or low half of an accumulator 
or the y register in one-operand multiply/ ALU 
instructions. 

x I Operation 

Two-Operand Multiply/ALU 

0 1 *Pt++ 
1 *Pt++i 
One-Operand Multiply/ALU 

0 1 aTI, yl 
1 aTh,yh 
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Y Field. Specifies the form of register indirect 
addressing with postmodification. 

y Operation 

0000 * rO 
0001 *rO++ 
0010 *rO--
0011 *rO++j 

0100 * r1 
0101 *r1++ 
0110 *r1--
0111 * r1++j 

1000 *r2 
1001 *r2++ 
1010 *r2--
1011 *r2++j 

1100 * r3 
1101 *r3++ 
1110 *r3--
1111 *r3++J 

Z Field. Specifies the form of register indirect 
compound addressing with postmodification. 

z Operation 

0000 *rOzp 
0001 *rOpz 
0010 *r0m2 
0011 *rOJk 
0100 H1zp 
0101 * r1pz 
0110 *r1m2 
0111 * r1jk 

1000 *r2zp 
1001 *r2pz 
1010 *r2m2 
1011 H2jk 

1100 *r3zp 
1101 *r3pz 
1110 *r3m2 
1111 *r3jk 
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F2 Field. Specifies the special function to be 
performed. 

F2 Operation 

0000 aD=aS>>1 
0001 aD=aS<<1 
0010 aD=aS>>4 
0011 aD=aS<<4 
0100 aD=aS>>B 
0110 aD=aS>>16 
0111 aD=aS<<16 
1000 aD=p 
1001 aDh=aSh+1 
1010 Reserved 
1011 aD=rnd(aS} 
1100 aD=y 
1101 aD=aS+1 
1110 aD=aS 
1111 aD=-aS 

C Field. Specifies the condition for special 
functions and conditional control instructions. 

CON Condition 

00000 mi 
00001 pl 
00010 eq 
00011 ne 
00100 lvs 
00101 Ive 
00110 mvs 
00111 mvc 
01000 heads 
01001 tails 
01010 cOge 
01011 COit 
01100 c1ge 
01101 c11t 
01110 true 
01111 false 
10000 gt 
10001 le 

Other codes Reserved 
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B Field. Specifies the type of branch instruction 
(except software interrupt). 

B Operation 

000 return 
001 ireturn 
010 goto pt 
011 call pt 
1xx Reserved 

R Field. Specifies the register for data move 
instructions. 

R Register 

000000 rO 
000001 r1 
000010 r2 
000011 r3 
000100 j 
000101 k 
000110 rb 
000111 re 
001000 pt 
001001 pr 
001010 pi 
001011 i 
010000 x 
010001 y 
010010 yl 
010011 auc 
010100 psw 
010101 co 
010110 c1 
010111 c2 
011000 sioc 
011001 srta 
011010 sdx 
011011 tdms 
011100 pioc 
011101 pdxO 
011110 pdx1 

Other codes Reserved 
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I Field. Specifies a register for short immediate 
data move instructions. 

I Register 

00 rO/j 
01 r1/k 
10 r2/rb 
11 r3/re 

SI Field. Specifies when the conditional branch 
qualifier instruction should be interpreted as a 
software interrupt instruction. 

SI Operation 

0 Not a software interrupt 
1 Software interrupt 

NI Field. Number of instructions to be loaded 
into the cache. Zero implies redo operation. 

K Field. Number of times the NI instructions in 
cache are to be executed. 

JA Field. 12-bit jump address. 
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Pin Descriptions 

0 00 ~ ~ m z o u 
oo.0 _o.o ooo.~ ~- >g : ~ ; ~ : ~ ~ ~ o ~ ~ ~ 3 -0 g : 

>-UO::>OV>U>OOO-- >> 

74 73 72 71 70 69 68 67 66 65 6463 62 61 60 59 58 57 56 55 54 

PBl5 75 53 IBF 
PB14 76 52 OSE 
PB13 77 51 RB15 

PB 12 78 50 RB1'4 

VDD 79 49 RBl3 
vu 80 48 RBl2 

PBH 81 47 RB 11 

PB10 82 46 RBIO 

PB09 83 45 RB09 

PBOB 8'4 44 RB08 

VDD 1 • 43 RB07 
PB07 2 42 RB06 

PB06 3 41 VDD 

PB05 4 40 RB05 
PB04 5 39 RB04 

VDD 6 38 RB03 

Vas 7 37 RB02 

PB03 B 36 RBOI 

PB02 9 35 RBOO 

PB01 10 34 EXM 

fl>BOO 11 33 CKO 

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 3031 32 

Figure 2. Pin Diagram 

Table 14. Pin Names 

Symbol Pin Symbol Pin 

ABOO-AB15 32-29, 26-22, OLD 60 
20-18, 15-12 OSE 52 

CKI 67 PBOO-PB15 11-8, 5-2, 
CKO 33 84-81, 78-75 
DI 56 

DO 61 PIDS 73 
DOEN 64 PODS 74 
EXM 34 PSEL 72 

IACK 68 RBOO-RB15 35-40, 42-51 
IBF 53 RSTB 66 
ICK 58 SADD 63 

ILD 57 SYNC 62 
INT 71 VDD 1,6, 17,28, 41,55, 70, 79 
OCK 59 vss 7, 16,21,27,54, 65,69,80 ---
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In the following table, I = input, 0 = output, and P = power. 

Table 15. Pin Descriptions 

Pin Symbol Type Name/Description 

1 VDD p 5 V Supply. 
2 PB07 1/0* Parallel 1/0 Data Bus - Bit 7. 
3 PB06 110* Parallel 1/0 Data Bus - Bit 6. 
4 PB05 110* Parallel 1/0 Data Bus - Bit 5. 
5 PB04 1/0* Parallel 1/0 Data Bus - Bit 4. 

6 VDD p 5 V Supply. 

7 vss p Ground. 

8 PB03 1/0* Parallel 1/0 Data Bus - Bit 3. 
9 PB02 1/0* Parallel 1/0 Data Bus - Bit 2. 

10 PB01 1/0* Parallel 1/0 Data Bus - Bit 1. 
11 PBOO 110* Parallel 1/0 Data Bus - Bit 0. 

12 AB15 o* ROM Address Bus - Bit 15. 
13 AB14 o* ROM Address Bus - Bit 14. 
14 AB13 o* ROM Address Bus - Bit 13. 
15 AB12 o* ROM Address Bus - Bit 12. 

16 Vss p Ground. 

17 VDD p 5 V Supply. 

18 AB11 o* ROM Address Bus - Bit 11. 
19 AB10 o* ROM Address Bus - Bit 10. 
20 AB09 o* ROM Address Bus - Bit 9. 

21 vss p Ground. 

22 AB08 o* ROM Address Bus - Bit 8. 
23 ABO? o* ROM Address Bus - Bit 7. 
24 AB06 o* ROM Address Bus - Bit 6. 
25 AB05 o* ROM Address Bus - Bit 5. 
26 AB04 o* ROM Address Bus - Bit 4. 

27 Vss p Ground. 

28 VDD p 5 V Supply. 

29 AB03 o* ROM Address Bus - Bit 3. 
30 AB02 o* ROM Address Bus - Bit 2. 
31 AB01 o* ROM Address Bus - Bit 1. 
32 ABDO o• ROM Address Bus - Bit 0. 

33 CKO o* Clock Out. Buffered clock at half the frequency of CKI. 

34 EXM I External Memory. When low, forces use of internal ROM only for 
instructions and coefficients. If EXM is high, instructions and 
coefficients are fetched from external ROM via RBOO-RB15 
(internal ROM disabled). 

• Indicates 3-state condition. 
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Table 15. Pin Descriptions (Continued) 

Pin Symbol Type Name/Description 

35 RBOO I ROM Data Bus - Bit o. 
36 RB01 I ROM Data Bus - Bit 1. 
37 RB02 I ROM Data Bus - Bit 2. 
38 RB03 I ROM Data Bus - Bit 3. 
39 RB04 I ROM Data Bus - Bit 4. 
40 RB05 I ROM Data Bus - Bit 5. 

41 Voo p 5 V Supply. 

42 RB06 I ROM Data Bus - Bit 6. 
43 RB07 I ROM Data Bus - Bit 7. 
44 RB08 I ROM Data Bus - Bit 8. 
45 RB09 I ROM Data Bus - Bit 9. 
46 RB10 I ROM Data Bus - Bit 10. 
47 RB11 I ROM Data Bus - Bit 11. 
48 RB12 I ROM Data Bus- Bit 12. 
49 RB13 I ROM Data Bus - Bit 13. 
50 RB14 I ROM Data Bus - Bit 14. 
51 RB15 I ROM Data Bus - Bit 15. 

52 OSE o* Output Shift Register Empty. Indicates the end of a serial 
transmission. OSE is set either by the emptying of the output shift 
register or by asserting RSTB. OSE is reset by the DSP16 writing a 
word (two clock cycles after the falling edge of OLD) to the output 
shift register. If no new word is written by the DSP16, OSE remains 
high regardless of activity on OLD. 

53 IBF o* Input Buffer Full. IBF Is asserted when the input buffer is filled and 
negated by a read of the buffer. IBF is also negated by asserting 
RSTB. 

54 vss p Ground. 

55 VDD p 5 V Supply. 

56 DI I Data Input. Serial PCM data latched on rising edge of ICK, either 
LSB or MSB first, according to the sloe register MSB field. 

57 ILD 110* Input Load. Falling edge of ILD indicates the beginning of a serial 
input word. In active mode, ILD is an output; in passive mode, ILD 
is an input, according to the sioc register ILD field. 

58 ICK 110* Input Clock. Clock for serial PCM input data. In active mode, ICK 
is an output; in passive mode, ICK is an input, according to the 
sloe ICK field. 

59 OCK 110* Output Clock. Clock for serial PCM output data. In active mode, 
OCK is an output; in passive mode, OCK Is an input, according to 
the sioc register OCK field. 

* Indicates 3-state condition. 
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Table 15. Pin Descriptions (Continued) 

Pin Symbol Type Name/Description 

60 OLD 110* Output Load. Clock for loading the parallel-to-serial converter 
from the output buffer (obuf). A falling edge of OLD indicates the 
beginning of a serial output word. In active mode, OLD is an 
output; in passive mode, OLD is an input, according to the sioc 
register OLD field. 

61 DO o* Data Output. Serial PCM data output from the output shift register 
(osr), either LSB or MSB first, according to the sioc register MSB 
field. DO changes on the rising edges of OCK. DO is 3-stated 
when DOEN is high. 

62 SYNC 110* Multiprocessor Synchronization. Typically used in the 
multiprocessor mode. A falling edge of SYNC indicates the first 
word of a TDM 1/0 stream and causes the resynchronization of the 
active ILD and OLD generators. SYNC is an output when the tdms 
register SYNC field is set; otherwise, it is an input. SYNC must be 
tied low if it is not used as an output. When used as an output, 
SYNC = ILD/OLD 7 8 or 16, depending on the setting of the 
SYNCSP field of the tdms register. This procedure can be used to 
generate a slow clock for SIO operation. 

63 SADD 110* Serial Address. An 8-bit serial bit stream typically used for 
addressing during multiprocessor communication between multiple 
DSP16 devices. In multiprocessor mode, SADD is an output when 
the tdms time slot dictates a serial transmission; otherwise, it is an 
input. SADD is always an output when not in multiprocessor 
mode. SADD is 3-stated when DOEN is high. 

64 DOEN 110* Data Outp'ut Enable (Active Low). An input when not in the 
multiprocessor mode. DO and SADD are enabled only if DOEN is 
low. DOEN is an output when in the multiprocessor mode (tdms 
register MODE field set). In the multiprocessor mode, DOEN 
indicates a valid time slot for a serial output. 

65 vss p Ground. 

66 RSTB I Reset. A high-to-low transition causes entry into the reset state. 
The sioc, pioc, tdms, rb, and re register bits are cleared. Reset 
clears external flags IACK and IBF and sets external flag OSE. 
DAU condition flags and the DAUC register are not affected by 
reset. All output and bidirectional pins are 3-stated during reset. 
A low-to-high transition causes execution to begin at ROM 
location O. 

* Indicates 3-state condition. 
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Table 15. Pin Descriptions (Continued) 

Pin Symbol Type Name/Description 

67 CKI I Clock In. Input clock at twice the frequency of Internal operations. 

68 IACK o* Interrupt Acknowledge. Interrupt acknowledge signals when an 
interrupt is being serviced by the DSP16. The IACK remains high 
until normal instruction operation resumes. 

69 vss p Ground. 

70 Voo p 5 V Supply. 

71 INT I Processor Interrupt. Interrupt to DSP16. INT Is acknowledged 
when the Interrupt Is enabled by the PIOC register. 

72 PSEL o* Peripheral Select. PSEL is used to specify the logical port to/from 
which data is to be conveyed. In active mode, PSEL is high 
(logic 1) when pdx1 is the register specified In the 110 instruction 
and low when pdxO is the register specified. PSEL has no meaning 
when the device is in passive mode. 

73 PIDS 110* Parallel Input Data Strobe (Active low). In active mode, PIDS is an 
output. When PIDS is asserted, data may be placed onto the PDB. 
Upon negation of PIDS, data should be removed from the PDB. 
PIDS is asserted by the DSP16 device during an active mode read 
transaction. In passive mode, PIDS is an Input. When asserted by 
an external device, this signal indicates that data Is available on 
the PDB. In both active and passive modes, the trailing edge (low-
to-high transition) of PIDS Is the sampling point. 

74 PODS 110* Parallel Output Data Strobe (Active low). In active mode, PODS Is 
an output. When PODS Is asserted, data is available on the PDB. 
PODS is asserted by the DSP16 device during an active mode write 
transaction. In passive mode, PODS is an input. When PODS is 
asserted by an external device, the DSP16 device places the 
contents of its parallel output register (pdxO or pdx1) onto the PDB. 

75 PB15 110* Parallel 1/0 Data Bus - Bit 15. 
76 PB14 110* Parallel 1/0 Data Bus - Bit 14. 
77 PB13 110* Parallel 1/0 Data Bus - Bit 13. 
78 PB12 110* Parallel 1/0 Data Bus - Bit 12. 

79 Voo p 5 V Supply. 

80 vss p Ground. 

81 PB11 110* Parallel 1/0 Data Bus - Bit 11. 
82 PB10 110* Parallel 1/0 Data Bus - Bit 1 O. 
83 PB09 110* Parallel 110 Data Bus - Bit 9. 
84 PB08 110* Parallel 1/0 Data Bus - Bit 8. 

• Indicates 3-state condition. 
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Characteristics 

Electrical Characteristics 

The parameters below are valid for the following conditions: Tc = 0 to 85 °C, Voo = 5 V ± 10% , 
Vss = 0 V, T = 2 X tCKIHCKIH (see Figure 3). 

75 ns 55 ns 

Parameter Sym Min Max Min Max Unit 

Input voltage: 
low VIL - 0.8 - 0.8 v 
high VIH 2.0 - 2.0 - v 

Output voltage: 
low (IOL = 2.0 mA) VOL - 0.4 - 0.4 v 
high (IOH = -2.0 mA) VOH 2.4 - 2.4 - v 

Output current: 
low (VOL = 0.4 V) IOL - 2.0 - 2.0 mA 
high (VOH = 2.4 V) IOH - -2.0 - -2.0 mA 

Output short circuit current 
VOH = 0 V IOS - -200 - -200 mA 

Output 3-state current: 
high (VIH = 2.0) IOZH -75 75 -75 75 µA 
low (VIL = 0.8) IOZL -75 75 -75 75 µA 

Input current: 
high (V1H = 5.5; Voo = 5.5) llH - 25 - 25 µA 
low (VIL= 0, Vss = 0) Ill - -25 - -25 µA 

Power supply current 
Voo = 5.5 V loo - 64 - 82 mA 

Power dissipation 
Voo = 5.5 v PD - 350 - 450 mW 

Input capacitance Cl - 15 - 15 pF 

Maximum Ratings 

Voltage range on any pin with respect to ground ...................................................................... -0.5 to +6 V 
Power dissipation ......................................................................................................................................... 1 W 
Ambient temperature range ..................................................................................................... -40 to +120 °C 
Storage temperature range ...................................................................................................... -65 to +150 °C 

Maximum ratings are the limiting conditions that can be applied to all variations of circuit and 
environmental conditions without the occurrence of permanent damage. 

External leads can be bonded and soldered safely at temperatures of up to 300 °C. 

Chip current in the input buffers is highly dependent on input voltage level. Essentially no DC current 
is drawn at full CMOS levels but, for levels near the threshold of 1.4 V, high and unstable levels can 
flow. The table below gives the loo input buffer current for 43 inputs biased at DC level, V1N. The 
worst case power assumes 100 mW dissipated by the input buffers. Inputs are protected against 
electrostatic discharge (ESD) damage with diodes connected to Voo and Vss. Input voltage should not 
be greater than Voo + 0.5 V or less than Vss - 0.5 V. The power dissipation listed is for unloaded 
outputs. Total power dissipation can be calculated on the basis of the application by adding 
C · Voo2 • f for each output, where C Is the load capacitance and f is the output frequency. 
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loo Input Buffer Current Versus VIN 

VIN (\/) 5.0 3.6 2.8 2.4 2.0 1.4 0.8 0.4 0 
IDD (ma) <.2 2.7 28. 36. 36. * 16. 1.3 <.2 

• High and unstable. 

Timing Characteristics and Requirements 

Timing characteristics refer to the behavior of the device under specified conditions. Timing 
requirements refer to conditions imposed on the user for proper operation of the device. All timing 
data is valid for the following conditions unless otherwise specified: Tc = O to 85 °C, 
Voo = 5 V ± 10%, Vss = 0 V, T = 2 X tCKIHCKIH, capacitance load on outputs= 50 pF. 

External Memory and Clocks 

Table 16. Timing Requirements for External ROM and Clocks (See Figure 3) 

75 ns 55 ns 

Description Symbol Min Max Min Max Unit 

Clock in period tCKIHCKIH 37.5 1000 27.5 1000 ns 

Clock in low time tCKILCKIH 15 - 10 - ns 

Clock in high time tCKIHCKIL 15 - 10 - ns 

External memory set-up tRBVCKOL 20 - 20 - ns 

External memory hold tCKOLRBX 0 - 0 - ns 

Table 17. Timing Characteristics for External ROM and Clocks (See Figure 3) 

75 ns 55 ns 

Description Symbol Min Max Min 

Clock out high delay tCKIHCKOH - 20 -
Clock out low delay tCKIHCKOL - 20 -
Address delay time tCKOLABV - 5 -
Address hold time tCKOLABX 0 - 0 

Reset and Interrupts 

Table 18. Timing Requirements for Reset and Interrupts 
(See Figure 4) 

Description Symbol Min Max Unit 

RSTB low time tRSTBLRSTBH 6T - ns 

INT hold time tlACKHINTL 0 2T ns 

INT assertion time ti NTH I NTL 2T - ns 
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Max 

20 

20 

5 

-

Unit 

ns 

ns 

ns 

ns 
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Table 19. Timing Characteristics for Reset and Interrupts 
(See Figure 4) 

Description Symbol Min Max Unit 

RSTB disable time tRSTBHOUTZ - 100 

RSTB enable time tRSTBHOUTV - 100 

Serial 1/0 (SIO) 

Table 20. Timing Requirements for Serial Inputs 
(See Figure 5) 

Description Symbol Min Max 

Clock period tlCKHICKH .1 -
Clock low time tlCKLICKH .040 -
Clock high time tlCKHICKL .040 -
Load high set-up tlLDHICKH 15 -
Load low set-up tlLDLICKH 15 -
Load high hold tlCKHILDH 0 -

Load low hold tlCKHILDL 0 -
Data set-up tDIVICKH 12 -
Data hold tlCKHDIX 0 -

Table 21. Timing Characteristics for Serial Input 
(See Figure 5) 

Description Symbol Min Max Unit 

IBF delay tlCKHIBFH 45 ns 

Table 22. Timing Requirements for Serial Output 
(See Figures 6 and 7) 

Description Symbol Min Max 

Clock period tOCKHOCKH .1 -
Clock low time tOCKLOCKH .040 -
Clock high time tOCKHOCKL .040 -
Load high set-up tOLDHOCKH 15 -
Load low set-up tOLDLOCKH 15 -
Load high hold tOCKHOLDH 0 -
Load low hold tOCKHOLDL 0 -
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Table 23. Timing Characteristics for Serial Output* 
(See Figures 6 and 7) 

Description Symbol Min Max 

Data delay tOCKHDOV - 35 

Enable data delay tDOENLDOV - 35 

Disable data delay tDOENHDOZ - 35 

Data hold tOCKHDOX 5 -
OSE delay tOCKHOSEH - 45 

Address delay tOCKHSADDV - 35 

Address hold tOCKHSADDX 5 -
Enable delay tDOENLSADDV - 35 

Disable delay tDOENHSADDZ - 35 

* Capacitance load on OCK and DO: 100 pF. 

Clock Generation (Active Mode) 

Table 24. Timing Characteristics for Clock Generation 
(See Figures 5-7) 

Description Symbol Min Max 

ICK duty cycle tlCKDC 45 55 

OCK duty cycle tOCKDC 45 55 

ILD duty cycle tlLDDC 49.9 50.1 

OLD duty cycle tOLDDC 49.9 50.1 

ILD delay 
tlCKHILDH 

45 
tlCKHILDL 

-

OLD delay 
tOCKHOLDH 

45 
tOCKHOLDL 

-

SYNC duty cycle tSYNCDC 49.98 50.02 

SYNC delay 
tOCKHSYNCL 

35 
tOCKHSYNCH 

-
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Multiprocessor Communication 

All serial 1/0 timing requirements and characteristics (except DOEN characteristics) still apply. 

Table 25. Timing Requirements for Multiprocessor Communication 
(See Figure 8) 

Description Symbol Min Max Unit 

SYNC set-up 
tSYNCHOCKH 

40 
tSYNCLOCKH - ns 

SYNC hold 
tOCKHSYNCH 

0 
tOCKHSYNCL 

- ns 

Address set-up tSADDVOCKH 12 - ns 

Address hold tOCKHSADDX 0 - ns 

Table 26. Timing Characteristics for Multiprocessor Communication 
(See Figure 8) 

Description Symbol* Min Max 
Data delay (bit O only) tOCKLDOV - 33 

Data disable delay tOCKHDOZ - 40 

Data hold tOCKHDOX 5 -
Data delay tOCKHDOV - 35 

DO valid delay tOCKHDOENL - 35 

Address delay (bit 0 only) tOCKLSADDV - 33 

Address disable delay tOCKHSADDZ - 40 

Address delay tOCKHSADDV - 35 

Address hold tOCKHSADDX 5 -

SYNC delay 
tOCKHSYNCL 

35 
tOCKHSYNCH 

-

SYNC duty cycle tSYNCDC 49.98 50.02 

* Capacitance load on ICK, OCK, DO, SYNC, and SADD: 100 pF. 
tlCKHICKH and tOCKHOCKH are tCKIHCKIH X 4, 12, 16, or 20. See sioc register. 
tlLDHILDH and tOLDHOLDH are (tlCKHICKH or tOCKHOCKH) X 16. See sioc register. 
tSYNCHSYNCH is (tlCKHICKH or tOCKHOCKH) X (128 or 256). See tdms register. 

Parallel 1/0 (PIO) 

Table 27. Timing Requirements for PIO (See Figures 9-13) 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

% 

Description Symbol Min Max Unit 

PB set-up time tPDBVPIDSH 15 - ns 

PB hold time tPIDSHPDBX 0 - ns 

Passive strobe width (read) tPIDSLPIDSH T - ns 

Passive strobe width (write) tPODSLPODSH T - ns 

PODS high between writes tPODSHPODSL T - ns 
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Table 28. Timing Characteristics for PIO (See Figures 9-13) 

Min* 

Description Symbol 00 01 10 11 Max Unit 

PIDS pulse width tPIDSLPIDSH T 2T 3T 4T - ns 

PODS pulse width tPODSLPODSH T 2T 3T 4T - ns 

PSEL hold time PODS tPODSHPSELX 0 T/2 T/2 T/2 - ns 

PODS high to PIDS low tPODSHPODSL 20 - ns 

PIDS high to PODS low IPIDSHPODSL T - ns 

PSEL valid before PODS tPSELVPODSL T/2 - 10 - ns 

PB hold time tPODSHPDBX 10 - ns 

PIDS low to PSEL valid tPIDSLPSELV - 10 ns 

PSEL hold time PIDS tPIDSHPSELX 25 - ns 

PIDS high (interaccess) tPIDSHPIDSL 20 - ns 

Data valid after PODS tPODSLPDBV - 25 ns 

* The pulse widths of PIDS and PODS for those timing specifications having multiple entries under the 
minimum value column are determined by bits 14 and 13 of the pioc register. See Table 13. 

Timing Diagrams 

!CKIHCKIH 

CKI 

!CKOHCKOH 

!CKIHCKOL !CKIHCKOH 

VOH -
CKO 

VOL -

!CKOLABV 

f f ""'"' 
VOH -

AB 
VOL -

!RBVCKOL J- !CKOLRBX 

VtH 
RB 

VIL 

Figure 3. External Memory Interface 

6-52 Signal Processing 



VIH 
RSTB 

VIL 

VOH 
OUT 

VOL 

VIH 
INT 

VIL 

WE DSP16 Digital Signal Processor 

IRSTBLRSTBH 

IRSTBLOUTZ tRSTBHOUTV 

ALL DEVICE OUTPUTS 

A. Reset Timing 

llNTH INTL 

VOH 
IACK 

VOL 
____ ) I IACKHINTL 

B. Interrupt Timing 

Figure 4. Reset and Interrupt Timing 

Signal Processing 6-53 



WE DSP16 Digital Signal Processor 

tlCKHICKL 

VIH 
ICK 

V1L 

VIH 
ILD 

VIL 

VIH 
DI 

VIL 

VOH 
IBF 

VOL 

6-54 

tlCKHICKH 

tlCKLICKH 

tlCKHILDH 

Figure 5. Serial Input Timing 

tlCKHDIX 

BN-1 

~ tlCKHIBFH 

Signal Processing 



VIN 
OCK 

VIL 

V1H 
OLD 

VIL 

DO VOH 
VOL 

VtH -
DOEN VtL _ 

VOH 
SADD 

VOL 

VOH 
OSE 

VOL 

Signal Processing 

tOCKHDOV 

tOCKHSADDV 

r- tOCKHOLDH 

tOLDLOCKH 

tDOENLSADDV 

oO 

WE DSP16 Digital Signal Processor 

tOCKHDOX 

81 87 

tDOENHDOZ 

tDOENHSADDZ 

tOCKHSADDX 

o1 o7 

Figure 6. Serial Output Timing - 8 Bits 

6-55 



WE DSP16 Digital Signal Processor 

VIH­
OLD V1L -

DOEN Vll'I -
VIL -

f.- tOCKHOLDH 

tOCKHOLDL I 
' tOLDLOCKH 

---------------
tOCKHDOV tOCKHDOX 

"---+---ti---t-D-O~E-N_L_S_A_DD-V-l~----------<i ~DOENHDOZ 
~ k- tDOENLSADDZ 

tOCKHSADOV tOCKHSADDX 

SADD VOl'I ---------< 
VOL -

a~--- a7 

------------------~~---------------i~•OCKHOSEH OSEVOl'I -
VOL -

Figure 7. Serial Output Timing -16 Bits 

6-56 Signal Processing 



"' i!i 
::I 
!. 
"ti ... 
0 
0 
ID 
UI 
UI s· 
ca 

O> 
cJ, ...., 

VIH 
OCK 

VIL 

VOH 
DO 

VOL 

VIH 

SAOD 
VIL 

VIH 
SYNC 

VIL 

VIH -
DOEN 

I 

I, I \ 

tOCKHDOZ tOCKLDOV 

tOCKHDOV 

d15 d1 d2-~~2-

tOCKHSADDX 

IOCKSYNCH tOCKHSADDZ 

o1 
~~· •2--;::__; 

~ tOCKHSADDV L 
tSAODVOCKH 

ISYNCHOCKH 

tOCKHSYNCJ 

~tSYNCLOCKH ___., tOCKHDOENH 

_J {"'"""' 
VIL - l 

Note: Sioc register, LD field must be set for multiprocessor operation 

Figure 8. Multiprocessor Timing 

~ 
c 
CJ) 
"'O .... 
O> 

c ca· 
;::::;.: 

!!!.. 
CJ) 
ca· 
:l 
!!!.. 
"'O a 
0 
Cl> 
(/) 
(/) 

0 
-r 



Ol 
I 

01 
()) 

en 
IQ" 
::I 
!. 
"Cl a 
0 
<D 
Ill 
Ill s· 

CQ 

I I I I 
PSEL ------..x x XJ XJ~i -VOH 

VOL 

I I l I 
tPODSHPODSL 

I I I I 
PODS I I I I 

VOH 

VOL 

I I I I 
I I I tPIDSHPIDSL -, I I I 

PIDS 
VOH 

VOL I II\ Tl\l if I 
I _J I L,PODSHPIDL _J I tPIOSHPOOSL 

I I I I 
POB ~:: =< )--{--~ ( ) ( x __ 

ACTIVE WRITE ACTIVE WRITE ACTIVE READ ACTIVE READ I ACTIVE WRITE 

Figure 9. Parallel 1/0 lnteraccess Timing 

~ 
c 
"' "ti .... 
0) 

c 
'5' 
s= 

"' '5' 
:J 
Q) 

"ti 
0 
0 
(!) 
(I> 
tA 
0 
""I 



f 
)( 

...J 
w 
t/) 
a. 
::c 
t/) 
0 
ii: -

::c 
t/) 
0 

ii: 
> ...J 
...J t/) w 0 
t/) 

ii: a. 
...J -t/) 

0 

'= 

f 

"" .... :r .... 
0 0 0 0 
> > > > 

...J t/) 

w 0 
t/) 0 a. a. 

Signal Processing 

WE DSP16 Digital Signal Processor 

:r .... 
0 ~ > 

t/) 
0 
ii: 

)( 

m 
0 
a. 
::c 
t/) 
0 

'= 

::c 
t/) 

0 
ii: 
> m 
0 

'= 

"' > 
m 
0 
a. 

CD 
c e 
i= .... ::s a. 
.5 
Q) 

.~ .... 
u 
c( 

!! 
ii ... 
«I 
D.. 

ci ,.... 
Q) ... 
::s 
CD 
i! 

.... 
> 

6-59 



WE DSP16 Digital Signal Processor 

"-L r ~ 

x _, 
I.LI 
I/) 

a.. 
::c 
I/) 
0 
0 
2: 

::c 
I/) 
0 
0 
a.. _, 
I/) 

0 
0 
a.. 
+-

_, 
I/) 

0 
0 
a.. 
> _, 
I.LI 
en 
2: 

j_ L ., 

:c .;J :c ..J :c 
0 0 0 0 0 > > > > > 

_J en 
ILi 8 en 
a.. Q. 

6-60 

..J 
0 
> 

en 
0 
a: 

x 
en 
c 
a.. 
::c 
I/) 

0 
0 
Q. 
+-

t 

> 
ID 
0 
a. 
_J 
en 
0 
0 
2: 

:c 
0 
> 

en 
0 
a.. 

C) 
c: ·e 
i= ... 
::J 
a. ... 
::J 
0 
Cl) 
> :;::; 
() 
c( 

]? 
c; ... 
111 
a. 
...: .... 
Cl) ... 
::J 
C) 

ir 

..J 
0 
> 

Signal Processing 



VOH 
PSEL 

VOL 

VIH 
PODS 

VIL 

VIH 
PIOS 

VIL 

VOH 

POB 
VOL 

VOH 
PSEL 

VOL 

VIH 
PODS 

VIL 

VIH 
PIOS 

VIL 

V1H 
POB 

VIL 

Signal Processing 

WE DSP16 Digital Signal Processor 

tPOOSLPOBV tPOOSHPOBX 

Figure 12. Parallel Passive Output Timing 

k!------- I PIOSLPIOSH 

tPOBVPIOSH tPIDSHPOBX 

Figure 13. Parallel Passive Input Timing 

6-61 



6-62 



DSP16 Support 

Features 
The WE DSP16 Digital Signal Processor (DSP) is a 16-bit, high-performance, low-power CMOS 
integrated circuit that can be programmed to perform a wide variety of signal processing 
functions. The DSP16 can compute a nonrecursive filter at the rate of 75 ns per tap and a 
second-order section in 525 ns. For typical signal processing functions, the DSP16 provides up to 
four times the throughput of previous generation DSPs. The processor is packaged in an 84-pin 
plastic or ceramic chip carrier. It is the DSP of choice for applications requiring high performance, 
low power, and low cost. 

All DSP16 Instructions are 16-bits wide and the assembly language has a C-like syntax. Although 
some pipelining of DSP16 instructions Is necessary to achieve the real-time performance required 
in many signal processing applications, the degree of pipelining has been reduced from previous 
generation DSPs to simplify programming. Latency effects have been eliminated. 

WE DSP16-SL Support Software Library. The software support tools help to create, test, and 
debug DSP16 application programs. The support software library runs under either the UNIX 
Operating System or the MS-DOS Operating System and provides an integrated assembler and 
simulator. 

Programming aids include breakpoint and single-step capabilities as well as user access to 
memory and registers. The support software also provides an interface to the DSP16-DS 
Development System. 

WE DSP16-DS Digital Signal Processor Development System. Application system hardware 
development and software testing Is supported by the WE DSP16-DS Digital Signal Processor 
Development System. The development system provides 1/0 In-circuit emulation to facilitate real­
time debugging of user hardware, as well as a simulator accelerator to speed software 
simulations. Sites are provided in the development system for µ-law/A-law and linear codecs. Up 
to 16 development systems can be cascaded when developing applications Involving multiple 
DSPs. 

The DSP16-DS Digital Signal Processor Development System allows the user to edit, assemble and 
load programs, as well as to utilize the software simulator. An assembled program can be 
transferred from the host into the development system's program memory through an RS-232C 
communications link or through a faster custom parallel interface (100 Kbytes/s) when using an 
AT&T PC 6300 (or compatible). 

Signal Processing 
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Features 
• 16-MHz and 25-MHz parts are available 

• 2048 bytes ROM, 4096 bytes RAM (on-chip) 

• Memory can be addressed as 8-, 16-, or 
32-bits 

• Four 40-bit accumulators 

• Off-chip memory expansion of up to 56 
Kbytes (PGA package only) 

• Four user-selectable memory organizations 

• 32-bit floating-point arithmetic 

• 16-bit integer instructions 

Description 

• Interfaces to a microprocessor without any 
additional devices 

• Serial and parallel 1/0 ports with OMA 
options 

• Error control logic 

• Supported by WE DSP32-SL Support 
Software Library, WE DSP32-AL Application 
Software Library and WE DSP32-DS Digital 
Signal Processor Development System 

• Single 5 V power supply required 

The WE DSP32 Digital Signal Processor integrated circuit is a 32-bit high-speed programmable 
digital signal processor. The device is available in two versions, 16 MHz or 25 MHz. Both 16-MHz 
and 25-MHz parts are available in a standard 40-pin DIP or a 100-pin rectangular pin-grid-array 
(PGA) package. High throughput is achieved by using two execution units, the control arithmetic 
unit (CAU) and the data arithmetic unit (DAU). The CAU is a 16-bit fixed-point unit for logic and 
control, and the DAU is a 32-bit floating-point unit for signal processing algorithms. The CAU 
includes twenty-one 16-bit general-purpose registers and can execute 6.25 million instructions per 
second at 25 MHz. The DAU contains a floating-point multiplier and adder, and four 40-bit 
accumulators. The DAU is configured for multiply/accumulate and can perform 12.5 million 
floating-point computations per second at 25 MHz. The on-chip memory includes 2048 bytes of 
ROM and 4096 bytes of RAM. Memory can be addressed as 8-, 16-, or 32-bit words and is 
organized to access 32-bit data at the same speed as 8-bit data. With the 100-pin PGA package, 
memory can be expanded off-chip with 56 Kbytes of directly accessible data. The device has three 
1/0 ports: a serial port, a parallel port to interface with a microprocessor, and an external 
memory interface (PGA package only) for memory mapped 1/0. 
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User Information 

Architectural Summary 

The control arithmetic unit (CAU) is used to generate memory addresses and to execute 16-bit integer 
instructions (see Figure 1). The CAU can execute 6.25 million instructions per second and has 
twenty-one 16-bit registers, a 16-bit program counter (PC), and an arithmetic logic unit (ALU). All GAU 
registers are static and do not require refreshing. When addressing 32-bit floating-point operands, 
registers r1-r14 are used as memory pointers (rP), and r15-r19 are used as increment registers (rl). 
Register r20, also called PIN {parallel input register), is used as the serial input/output (810) DMA input 
pointer. Register r21, also called POUT (parallel output register), is used as the 810 DMA output 
pointer. All registers can be general-purpose in the execution of the 16-bit integer operations. 

The data arithmetic unit (DAU) is configured for multiply/accumulate operations and is the primary 
execution unit for signal processing algorithms. The DAU contains a floating-point multiplier and 
adder, and four 40-bit accumulators (a0-a3). The DAU can perform 6.25 million instructions per 
second of the form a = b + c * d. The DAU multiplier inputs are 32-bit floating-point numbers; each 
number is made up of a 24-bit mantissa and an 8-bit exponent. The adder inputs from memory or an 
accumulator are 8-, 16-, 32-, or 40-bits. The 40-bit input comes from either an accumulator (a0-a3) 
or the multiplier (32-bits, plus 8 guard bits). The DAU performs floating-point to-and-from 16-bit 
integer and floating-point to-and-from µ-law and A-law data type conversions. 

The D8P32 device has on-chip memory - 2048 bytes of mask-programmable ROM and 4096 bytes of 
RAM. Data can be 8-, 16-, or 32-bits wide and memory is uniformly byte addressable (see the Memory 
Addressing section). The RAM is dynamic and is refreshed either automatically or under program 
control. The ROM can be mask-programmed with application program(s) or constant data. 
Instructions can also be located in on-chip RAM or external memory. With the PGA package, memory 
can be expanded off-chip by using standard byte-wide memory devices without any additional 
interfacing devices. The D8P32 processor can directly address 14K instructions (32-bit words) when 
using off-chip memory. 

The D8P32 memory is divided into two banks - a lower bank (0) and an upper bank (1). Memory 
access can be made without regard to the upper and lower banks. However, to achieve maximum 
throughput, memory access must alternate between the two memory banks. As one memory bank is 
accessed, the other memory bank is addressed. This form of pipelining can reduce the effective 
memory access time by one-half. Only the lower memory bank address space is expandable off-chip. 
Therefore, the external address and data buses need to operate at only half the rate of the on-chip 
buses. Pins MMDO and MMD1 allow the user to select the location of ROM and RAM in the memory 
address space. 

The serial 1/0 unit (810) is used for serial-to-parallel conversion of input data and parallel-to-serial 
conversion of output data. Input to the 810 is loaded into the input shift register (18R) and then into 
the input buffer (IBUF). Outputs from the 810 are loaded into the output buffer (OBUF) and then into 
the output shift register (08R). This double buffering is done so that back-to-back transfers are 
possible, which allows the D8P32 program to begin a second transfer before the first has been 
completed. Data widths can be 8-, 16-, or 32-bits. The input/output control (IOC) register in the 810 
is used to select various 1/0 conditions, bit lengths, internal or external clock, and internal or external 
sync (see Table 2). 

Signal Processing 6-67 



WE DSP32 Digital Signal Processor 

The parallel 1/0 (PIO) unit is used for bidirectional communication between the OSP32 device and an 
external microprocessor. The external PIO data bus is 8-bits wide, and transfers can be made under 
program or OMA control. The PIO OMA allows a microprocessor to download a program without 
interrupting the execution of a OSP32 program in progress. The PIO has three 16-bit registers (PAR, 
POR, and PIR), a 10-bit register (EMA), an 8-bit register (PCR), and a 6-blt register (ESR). These 
registers are used to control PIO transfers and to check for errors. 

Memory Addressing 

A 32-blt memory location can be addressed as one 32-bit floating-point word, two 16-blt integer 
words, or four 8-blt byte words. A 32-bit memory address is always divisible by four; a 16-bit memory 
address is divisible by two. 

32-Blt Memory Locations Data Type Memory Select 

32-Bit Floating-Point Word Data Type MSN3 MSN2 MSN1 MSNO 

16-Bit Integer 16-Bit Integer 
Memory 

Byte 0 1 1 1 0 

Byte 1 1 1 0 1 
Byte Byte Byte Byte Address Byte 2 1 0 1 1 

3 2 1 0 0 Byte 3 0 1 1 1 
7 6 5 4 4 Low integer 1 1 0 0 

11 10 9 8 8 High integer 0 0 1 1 
etc. 

Float 0 0 0 0 

Each 32-bit word ls organized as four bytes, e.g., 3, 2, 1, 0, where byte 3 is the MSByte (most 
significant byte) and byte O is the LSByte (least significant byte). A 16-bit word is 2 bytes, either 1, 0 
with byte 1 the MSByte and byte O the LSByte, or 3, 2 with byte 3 the MSByte and byte 2 the LSByte. 
Memory address 0 can refer to an 8-bit word (byte 0), a 16-bit word (1, 0), or a 32-bit word (3, 2, 1, 0). 

Memory addresses 00000-57343 (OxOOOO-OxOFFF) are in bank O; memory addresses 57344-65535 
(OxEOOO-OxFFF) are in bank 1. MMOO and MMD1 are used to select the memory configuration, i.e., 
the location of the internal RAM and ROM within the address space. Table 1 and Figure 2 show how 
the memory is configured In the four different memory modes. In all four configurations, the first 
Instruction executed after reset is at address 00000 (OxOOOO). 

100-Pin Rectangular PGA Package 

The 14-bit address bus selects a 32-bit word. MSNO-MSN3 (active low) are derived internally 
according to the data type lmpli<!!d in the instruction and are used to select bytes within that 32-bit 
word. The two least significant bits of the register pointer (pc, r1-r21) or the direct address determine 
the values of the memory select lines (MSNO-MSN3). With 56 Kbytes of external memory attached, 
direct referencing can be made to 65536 bytes, 32768 integers, or 16384 floats. With no external 
memory, 4096 bytes, 2048 integers, or 1024 floats can be referenced. 
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40-Pin DIP 

On the 40-pin package, the external memory interface (EMI) is not available, limiting total memory to 
the 512 32-bit words of ROM and 1024 32-bit words of RAM provided on-chip, which can store 4096 
bytes, 2048 integers, or 1024 floats. 

Table 1. Memory Configuration Selection 

Mode MMD1 MMDO Addresses 

0 0 0 Ox0000-0x07FF 
Ox0800-0xDFFF 
OxFOOO-OxFFFF 

1 0 1 Ox0000-0x07FF 
Ox0800-0xOFFF 
Ox1000-0xDFFF 
OxFSOO-OxFFFF 

2 1 0 OxOOOO-OxDFFF 
OxEOOO-OxE7FF 
OxFOOO-OxFFFF 

3 1 1 Ox0000-0x07FF 
Ox0800-0xDFFF 
OxEOOO-OxE7FF 
OxFSOO-OxFFFF 

* External memory available only on the 100-pin PGA package. 

BANK 0 

8-BITS -1 
g~g~~~ ON-CHIP ROM 

OxFOOO 

OxFFFF 

EXTERNAL 

MEMORY* 

ON-CHIP RAM 

MOOE 0 

r- 8-BITS -1 
g:g~~~ ON-CHIP ROM 

Ox0800 ON-CHIP RAM 
OxOFFF ----___, 

EXTERNAL 

MEMORY-* 

OxF800 ON-CHIP RAM 

~~----
MODE 1 

* External memory available only on the 100-pin PGA package. 

Assignments 

On-chip ROM 
External memory* 
On-chip RAM 

On-chip ROM 
On-chip RAM 
External memory* 
On-chip RAM 

External memory* 
On-chip ROM 
On-chip RAM 

On-chip RAM 
External memory* 
On-chip ROM 
On-chip RAM 
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r- 8-81TS 

EXTERNAL 

MEMORY* 

1--------1 
OxEOOO ON-CHIP ROM 
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OxFOOO 
ON-CHIP RAM 

OxFFFF 

MODE 2 

Figure 2. Memory Address Configurations 
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Register Operation 

The following tables show the register settings for various operating conditions of the WE DSP32 
Digital Signal Processor. 

IOC and DAUC Registers 

Tables 2 and 3 show the operating conditions that result after setting the IOC and DAUC registers. 

Table 2. IOC Register 

Bitl15-13112l11.10l9_i8l1.615 _i 4 l 3,2 l 1 l 0 j 
Field l OMA l SAN l OLEN l AOL l AOC l 1LEN l AIL l AIC l SLEN l BC l ASY j 

Bit Mnemonic Function 

0 ASY If cleared (0), SY is external; if set (1), SY is internal. If generated 
internally, SY= {ICK, OCK}/{256, 512, 1024} = IOC[BC]/(32*10C[SLEN)}. 

1 BC If cleared, ICK is used to derive the on-chip load and SY clocks; if set, 
OCK is used to derive the on-chip load and SY clocks. 

3,2 SLEN These bits select the frequency ratio of the on-chip load clock to the on-
chip SY clock: 

00 -xx 
01 - ratio= 8 
10 - ratio= 16 
11 - ratio = 32 

4 AIC If cleared, the clock ICK is external; if set, the clock ICK = CKl/8 and is 
internal. 

5 AIL If cleared, clock ILD is external; if set, clock ILD = {ICK, OCK}/(32} = 
IOC[BC)/(32} and is internal. 

7,6 ILEN These bits specify the length of the input serial data: 
00 -xx 
01 - serial input length = 8 bits 
1 O - serial input length = 16 bits 
11 - serial input length = 32 bits 

8 AOC If cleared, OCK is external; if set, OCK = CKl/8 and is internal. 

9 AOL If cleared, OLD is external; if set, OLD = {ICK,OCK}/(32} = IOC[BC)/(32) 
and is internal. 

11,10 OLEN These bits specify the length of the serial output data: 
00 -xx 
01 - serial output length = 8 bits 
1 O - serial output length = 16 bits 
11 - serial output length = 32 bits 

12 SAN If cleared, clear sanity; if set, set sanity. 
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Table 2. IOC Register (Continued) 

Bit Mnemonic Function 

15-13 OMA[2-0] These bits control OMA mode: 
000 - no OMA 
001 - input OMA when IBF is high 
01 O - output OMA when OBE is high 
011 - input OMA when IBF is high, output OMA when QBE is high 
101 - input and output OMA when IBF is high 
110 - input and output OMA when QBE is high 
111 - input and output OMA when either IBF or OBE is high 

Table 3. DAUC Register Settings 

DAUC Result 

xxo µ-law input conversion 
xx1 A-law input conversion 

xOx µ-law output conversion 
x1x A-law output conversion 

Oxx No parity check on x operands 
1xx Parity check on x operands 

• x - don't care. 

PIO Control 

The PIO has a processor address bus (PABO-PAB2) to select the various PIO registers. Table 4 
shows the register selection. 

Table 4. Register Selection 

PAB2-PABO Register Selected 

000 PAR(I) - lower byte 

001 PAR(h) - upper byte 

010 POR{I) - lower byte 

011 POR{h) - upper byte 

100 EMR(I) - lower byte; most significant 5 bits 

101 EMR(h) - upper byte; most significant 5 bits 

110 ESR - most significant 6 bits 

111 PCR 

Tables 5 and 6 describe PCR and ESR, two of the PIO registers. 

The PIO control register (PCR) is an 8-bit register used by an external microprocessor (µP) to set up 
various controlled transfer modes between the OSP32 device and the microprocessor. 
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Table 5. PCR Register 

Bit l 7 j 6 j 5 j 4 l 3 l 2 l 1 l 0 J 
Field l REF l PIF l PDF l AUTO l OMA 1 ENI J 1ntmode l Reset J 

Bit Mnemonic Function 

0 Reset If cleared, halts DSP32 device; if set, runs DSP32 device. Zero-to-one 
transition initiates reset sequence. 

1 lntmode If cleared, 8-bit PIR interrupt vector; if set, 16-bit PIR interrupt vector. 

2 ENI If cleared, disables PINT due to PIR interrupt; if set, enables PINT due to PIR 
interrupt. 

3 OMA if cleared, OMA disabled on PIO; if set, OMA enabled on PIO. 

4 AUTO If cleared, PAR not autoincremented on OMA; if set, PAR autoincremented on 
OMA. 

5 PDF Set when PDR is written to by DSP32 or µP; cleared when PDR is read by 
DSP32 or µP (read only). 

6 PIF Set when PIR is written to by DSP32 device; cleared when PIR is read by µP 
(read only). 

7 REF If cleared, enables RAM autorefresh; If set, disables RAM autorefresh. 

The error source register (ESR) has 6-bits that can be read only by the external microprocessor. It is 
cleared after a read. This register Is used to store error conditions (bits 3-7) in the DSP32 device. 

Table 6. ESR Register 

Bit l 7 j 6 j 5 l 4 l 3 l 2 l 1 I 0 j Field l LOSY J LOS J ADER I OVE I PE J WPIR I Not Used 

Bit Mnemonic Name/Description 

0 - Not used. 

1 - Not used. 

2 WPIR PIRWrite. Set when DSP32 device writes to PIR. 

3 PE Parity Error. If set, instruction memory parity error. 

4 OVE Overflow/Underflow Error. If set, DAU overflow or underflow. 

5 ADER Addressing Error. If set, an attempt was made to access a 
float variable or an integer variable with an address that was 
not a multiple of 4 or 2, respectively. 

6 LOS Loss of Sanity. If set, sanity bit in the IOC register is set and 
SY changes state from high to low. 

7 LOSY Loss of Sync. If set, loss of 8-kHz external sync. 
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Instruction Set 

The DSP32 device has a powerful instruction set for signal processing algorithms, called data 
arithmetic (DA) instructions. It also supports instructions for logic and control, called control 
arithmetic (CA) instructions. 

DA instructions, which execute in the DAU, perform 32-bit floating-point multiply/accumulate 
operations for signal processing algorithms. DA instructions also include special functions for such 
data type conversions as floating-point to-and-from integer and floating-point to-and-from µ-law and 
A-law. 

CA instructions, which execute in the GAU, are 16-bit integer microprocessor instructions that include 
arithmetic and logic instructions and such control statements as conditional goto and call. CA 
instructions also include data move statements so that data can be moved between memory, 1/0 
registers, and any of the GAU registers. 

Flags 

The DSP32 has internal flags that are affected by the results of certain DA, CA, or 1/0 instructions. 
These flags, although not directly visible to the user, can be tested by conditional instructions. Table 
7 lists the flags, the names used in instructions (see the test column), and the meaning of each flag. 

Note: DAU flags are represented with upper case letters, while GAU flags are represented with lower 
case letters. 

Table 7. DSP32 Flags 

DAU Flags 

Test Test 
Flag (State= 1) Meaning (State= 0) Meaning 

N alt Result is negative age Result not negative 

z aeq Result is zero ane Result not zero 

v avs Result overflowed ave No overflow 

u aus Result underflowed auc No underflow 

CAU Flags 

n mi Result is negative pl Result not negative 

z eq Result is zero ne Result not zero 

v VS Result overflowed vc No overflow 

c cs Carry or borrow out of MSB cc No carry or borrow 

1/0 Flags 

i ibf Input buffer full ibe Input buffer empty 

0 obf Output buffer full obe Output buffer empty 

p pdf Parallel data register full pde PDR empty 
p pit Parallel interrupt register full pie PIR empty 

s sys SY (1/0 sync pulse) set syc SY cleared 

b tbs Serial 1/0 frame boundary fbc Not SIO frame boundary 
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For example, for testing the U flag (state is 1) there is an instruction: 

if(aus) goto address 

Flags shown at the end of an instruction indicate which flags are affected by the result of that 
instruction. 

A shown in place of a flag means that the flag is always O; a dash (-) in place of a flag means that 
the flag is unaffected by the instruction. 

Instructions 

The following is the complete DSP32 instruction set, grouped as DA and CA instructions. Where 
braces, { }, are shown in an instruction, one of the enclosed items must be chosen. Items enclosed in 
brackets [ ] are optional. 

Note: {} and [ ] are not part of the instruction syntax. Parentheses, ( ), are part of the syntax and 
must appear where shown in an instruction. Lower case letters are part of the syntax. Upper case 
letters are replaced by immediate data or by a register name (see tables following each instruction 
group). 

Data Arithmetic (DA) Instructions 

The DA instructions are divided into two functional groups: multiply/accumulate and special 
functions. 

Table 8. DA Multiply/Accumulate Instructions 

DAU Flags 
Instruction Affected Description 

[Z=J aN = [-]aM {+,-} Y* x NZVU The product of the X and Y fields is added/subtracted 
to/from the accumulator (aM) and the result is stored in 
an accumulator (aN). The result can also be output 
according to the Z field. 

aN = [-]aM { +,-} (Z=Y)* x NZVU The Y field operand is output according to the Z field. The 
product of the X and Y fields is added to the accumulator 
(aM) and the sum is stored in an accumulator (aN). 

[Z=J aN = [-JY {+,-} aM* x NZVU The product of the X field and the accumulator (aM) is 
added/subtracted to/from the Y field. The result is placed 
in an accumulator (aM) and can also be output according 
to the Z field. 

[Z=] aN = [-)Y* X NZVU The product of the X and Y fields is added/subtracted 
to/from zero. The result is stored in aN and can also be 
output according to the Z field. 

aN = [-J(Z=Y)* X NZVU The value of the Y field is output according to the Z field. 
The product of the Y and X fields is stored in an 
accumulator (aN). 

[Z=] aN = [-)Y {+,-}X NZVU The sum or difference of the Y and X fields is stored in an 
accumulator (aN) and the result output according to the Z 
field. Note: X is a multiplier input. 

[Z=) aN = [-]Y NZVU The value of the Y field is placed in accumulator (aN) and 
also output according to the Z field. 
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Table 9. Replacement Table for DA Multiply/Accumulate Instructions 

Replace Value Meaning 

aN, aM, X, Y aO-a3 One of four DAU accumulators 

X,Y,Z *rP, *rP++, 32-bit memory location where 
*rP--, *rP++rl rP is a memory pointer (P = 1 - 14) and 

rl is an increment register (1 = 15 - 19) 

x, y ibuf SIO input buffer 

z obuf SIO output buffer 

Table 1 O. DA Special Functions 

Instruction DAU Flags Affected Description 

[Z=) aN = ic(Y) NZOO Input conversation: µ-law A-law to float 

[Z=J aN = oc(Y) - Output conversation: float to µ-law A-law 

[Z=J aN = float(Y) NZOO Conversion: integer to float 

[Z=J aN = int(Y) - Conversion: float to integer 

[Z=J aN = round(Y) NZVU Conversion: float(40) to float(32) 

[Z=) aN = ifalt(Y) - lf(alt) then [Z=J aN=Y else [Z=J aN 

Table 11. Replacement Table for DA Special Function Instructions 

Replace Value Meaning 

aN,Y a0-a3 One of four DAU accumulators 

Y,Z *rP, *rP++, Memory location where rP is a 
*rP--, *rP++rl memory pointer (P = 1 - 14) and r1 Is an 

increment register (1 = 15 - 19) 

Y,Z pdr PIO data register 
y ibuf SIO input buffer 

z obuf SIO output buffer 

Control Arithmetic (CA) Instructions 

The CA instructions are divided into three functional groups: control, arithmetic/logic, and data move. 
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Table 12. CA Control Group Instructions 

Instruction Flags Affected Description 

if (CA COND) goto {rH, N, rH+N, rH-N} Conditional branch 

if (rM-- >= 0) goto {rH, N, rH+N, rH-N} Conditional branch 

if (DA COND) goto {rH, N, rH+N, rH-N} Conditional branch 

if (10 COND) goto {rH, N, rH+N, rH-N} None Conditional branch 

call {rH, N, rH+N, rH-N} (rM) Call subroutine 

return (rM) Return from subroutine 

goto {rH, N, rH+N, rH-N} Unconditional branch 

[L)*nop No operation 

Table 13. Replacement Table for CA Control Group Instructions, 
CA Conditions (CA COND) 

Value CAU Flags* Meaning 

pl n=O Result is nonnegative (plus) 
mi n=1 Result is negative (minus) 

ne z=O Result not equal to zero 
eq z=1 Result equal to zero 

VC v=O Overflow cleared, no overflow 
vs v=1 Overflow set, overflowed 

cc c=O Carry cleared, no carry 
cs c=1 Carry set, carry 

ge n·v=O Greater than or equal to 
It n·v=1 Less than 

gt z I (n·v)=O Greater than 
le z I (n·v)=1 Less than or equal to 

hi clz=O Greater than (unsigned number) 
Is clz=1 Less than (unsigned number) 

• Symbol interpretation: A - XOR; I - OR. 

Table 14. Replacement Table for CA Control Group Instructions, 
DA Conditions (DA COND) 

Value DAU Flags Meaning 

ane Z=O Not equal to zero 
aeq Z=1 Equal to zero 

age N=O Greater than or equal to zero 
alt N=1 Less than zero 

ave V=O Overflow cleared, no overflow 
avs V=1 Overflow set, overflowed 

auc U=O Underflow cleared, no underflow 
aus U=1 Underflow set, underflowed 

agt NIZ=O Greater than zero 
ale NIZ=1 Less than or equal to zero 
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Table 15. Replacement Table for CA Control Group Instructions, 
1/0 Conditions (10 COND) 

Mnemonic Condition Meaning 

ibe ibf=O Input buffer empty 
ibf ibf=1 Input buffer full 

obe obe=1 Output buffer empty 
obf obe=O Output buffer full 

pde pdf=O Parallel data register empty 
pdf pdf=1 Parallel data register full 

pie pif=O Parallel interrupt register empty 
pif pif=1 Parallel interrupt register full 

syc sy=O Sync signal low 
sys sy=1 Sync signal high 

fbc fb=O Serial frame boundary clear 
fbs fb=1 Serial frame boundary set 

Table 16. CA Arithmetic/Logic Group Instructions 

Instruction CAU Flags Affected Description 

rD = rH+N nzvc Three operand add 

rD = rD+rS nzvc Add 

rD = rD-rS nzvc Right subtract 

rD-{N,rS} nzvc Compare 

rD = {N, rS}-rD nzvc Left subtract 

rD = rD&{N, rS} nzOO AND 

rD&{N, rS} nzOO Bit test 

rD = rD I {N, rS} nzOO OR 

rD = ro·{N, rS} nzOO XOR 

rD = rS/2 nzOc Arithmetic right shift 

rD = rS>>1 OzOc Logical right shift 

rD = -rs nzvc Negate 

rD = rS*2 nzvc Arithmetic left shift 

Table 17. CA Data Move Group Instructions 

Instruction CAU Flags Affected 

rD = N nzOO -
{ioc, dauc} =VALUE - -

Description 

{MEM,*N, obuf} = {rSh, rSI} - MEM, *N, and obuf are 8-bits 

{MEM,*N, obuf, pdr, pir} = rs - MEM, *N, and obuf are 16-bits 

rD = {MEM,*N, ibuf, pdr} nzOO MEM, *N, and ibuf are 16-bits 

{rDh, rDI} = {MEM,*N, ibuf} nzOO MEM, *N, and ibuf are 8-bits 
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Table 18. Replacement Table for All CA Instructions 

Replace Value Meaning 

rH pc, r1-r21 One of 21 general-purpose CAU registers, or the program counter 

rM,rS,rD r1-r21 One of 21 CAU registers 

rDh rSh r1-r21 High-order bits (8-15) are moved; low-order bits (0-7) are 
cleared for rDh and remain unchanged for rSh 

rDI, rSI r1-r21 Low-order bits (0-7) are moved; high-order bits are cleared for 
rDI and remain unchanged for rSI 

MEM *rP, *rP++, 16-bit or 8-bit memory location 
*rP- -, *rP++rl 
(P,I = 1-21) 

L Positive integer -
N 16-bit integer -
VALUE 16-bit integer VALUE is a 16-bit number for the ioc word and a 3-bit number 

or 3-blt integer for dauc word 

Summary of Instructions 

Tables 19 and 20 list DA and CA instructions, along with the encoding format numbers and the flags. 
The formats for each instruction are found in the next section. 

Table 19. DA Instructions 

Instructions Format DAU Flags Affected 

Multiply/ Accumulate: 

[Z =) aN = [-]aM {+,-} Y* x 3 N z v u 
aN = [-)aM {+,-} (Z=Y)* x 2 N z v u 
[Z =) aN = [-)Y {+,-} aM* X 1 N z v u 
[Z =) aN = [-)Y* X 3 N z v u 
aN = [-)(Z=Y)* X 2 N z v u 
[Z =) aN = [-)Y {+,-} X 1 N z v u 
[Z =) aN = [-]Y 1 N z v u 
Special Functions: 

[Z=) aN = ic(Y) 4 N z 0 0 

[Z=) aN = oc(Y) 4 - - - -
[Z=) aN = float(Y) 4 N z 0 0 

[Z=] aN = int(Y) 4 - - - -
[Z=J aN = round(Y) 4 N z v u 
[Z=) aN = ifalt(Y) 4 - - - -
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Table 20. CA Instructions 

Instructions Format CAU Flags Affected 

Control Group: 

if (CA COND) goto {rH, N, rH+N, rH-N} 0 - - - -
if (rM-->=0) goto {rH, N, rH+N, rH-N} 3 - - - -
if (DA COND) goto {rH, N, rH+N, rH-N} 0 - - - -
if (10 COND) goto {rH, N, rH+N, rH-N} 1 - - - -

call {rH, N, rH+N, rH-N} (rM) 4 - - - -
return (rM) 0 - - - -
goto {rH, N, rH+N, rH-N} 0 - - - -
[L)*nop 0 - - - -

Arithmetic Logical Group: 

rD = rH+N 5 n z v c 

rD = rD+rS 6a n z v c 

rD = rD-{N, rS} 6a,b n z v c 

rD-{N, rS} 6a,b n z v c 

rD = {N, rS}-rD 6a,b n z v c 

rD = rD&{N, rS} 6a,b n z 0 0 

rD&{N, rS} 6a,b n z 0 0 

rD = rD I {N, rS} 6a,b n z 0 0 

rD = rD.{N, rS} 6a,b n z 0 0 

rD = rS/2 6a n z 0 c 

rD = rS>>1 6a 0 z 0 c 

rD = -rs 6a n z v c 

rD = rS*2 6a n z v c 

Data Move Group: 

rD = N 5 n z 0 0 

{ioc, dauc} =VALUE 5 - - - -
{MEM, *N, obuf} = {rSh, rSI} 7a,b,c - - - -
{MEM, *N, obuf, pdr, pir} = rS 7a,b,c - - - -
rD = {MEM, *N, ibuf, pdr} 7a,b,c n z 0 0 

{rDh, rDI} = {MEM, *N, ibuf} 7a,b,c n z 0 0 

DA Instruction Formats 

There are four DA instruction formats. Refer to the section on DAU encoding for DA instruction 
formats for an explanation of each field, except where actual bit values (0, 1) are given. 
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Format 1. 

Bit 31 30 29 28 I 27 I 26 25 24 23 22 I 21 20-14 13-7 6-0 

Field p 0 M F s N x y z 

Format 2. 

Bit 31 30 29 28 I 27 I 26 25 24 23 22 I 21 20-14 13-7 6-0 

Field p 1 0 M F s N x y z 

Format 3. 

Bit 31 30 29 28 I 27 I 26 25 24 23 22 I 21 20-14 13-7 6-0 

Field p M F s N x y z 

Format 4. 

Bit 31 30 29 28 27 26 I 25 I 24 I 23 22 I 21 20-14 13-7 6-0 

Field p G N y z 

DAU Encoding for DA Instruction Formats 

P Field (Bit 31). Specifies the parity bit. This field maintains an odd number of 1s In the encoding 
format (odd parity). If the remaining 31 bits of the instruction contain an even number of 1s, the P bit 
is 1; otherwise, the P bit is 0. 

Note: This P field (parity) is not to be confused with the p field used for memory pointers (rP). 
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G Field. Specifies a data type conversion 
operation. 

G Operation 

0000 ic (input conversion) 
0001 oc (output conversion) 
0010 float 
0011 integer 
0100 round 
0101 if alt 

0110 
0111 
1000 
1001 
1010 Reserved 
1011 
1100 
1101 
1110 
1111 

F Field. Specifies sign of operation. 

S Field. Specifies sign of operation. 

WE DSP32 Digital Signal Processor 

M Field. Specifies the accumulator used 
or a constant value. 

M Operand 

000 ao 
001 a1 
010 a2 
011 a3 

100 0.0 
101 1.0 

110 
Reserved 

111 

N Field. Specifies the accumulator used. 

N Operand 

00 ao 
01 a1 
10 a2 
11 a3 

X, Y, z Fields. These fields indicate register direct or register indirect modes. The 7-bit fields are 
divided into two subfields, p and i (ppppiii). Bits 0-2 of the 7-bit field are labeled i; the i subfield 
specifies an rl register in the CAU. Bits 3-6 are labeled p; the p field specifies an rP register in the 
CAU. 
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p Field. Specifies register indirect: *rP, *rP++, 
*rP--, *rP++rl. 

p Operand 

0000 Selects register direct* 
0001 r1 
0010 r2 
0011 r3 

0100 r4 
0101 rs 
0110 r6 
0111 r7 

1000 r8 
1001 r9 
1010 r10 
1011 r11 

1100 r12 
1101 r13 
1110 r14 
1111 Y(p) when Y(p) = X(p) 

Z(p) when Z(p) = Y(p) 

• See i field (p - 0000). 

I Field (p = 0000). Specifies a register direct 
operation: REG. This is a special case of the i 
field (when p field equals 0). 

i Operand (p = 0000) 

000 ao - X, Y fields only 

001 a1 - X,Y fields only 

010 a2 - X, Y fields only 

011 a3 - X, Y fields only 

100 ibuf - X, Y fields only 

101 obuf - Z field only 

110 pdr - Y, z fields 
(special function only) 

111 No write, Z field only 
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I Field (p '6 0000). Specifies register indirect: rl, 
rP++rl. 

i Operand (p '6 0000) 

000 0 
001 r15 
010 r16 
011 r17 

100 r18 
101 r19 
110 -4( f), -2(i), -1 (b) 
111 +4(f), +2(i), +1(b) 
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CA Instruction Formats 

There are seven CA instruction formats. Refer to the section on CAU encoding for CA instruction 
formats for an explanation of each field, except where actual bit values (0, 1) are given. 

Formats 0 and 1. Conditional Branch 

Bit 31 30 I 29 28 I 27 26 I 25 I 24 I 23 I 22 21 20 i 19 I 18 I 17 I 16 15-0 

N Field P 0 0 0 0 C G H 

Format 2. Reserved 

Bit 131 130 I 29128 I 27 I 26 , 25 
Field P 0 0 0 1 0 

Format 3. Loop Counter 

Bit 31 30 29 28 I 27 I 26 25 I 24 I 23 I 22 I 21 

Field P 0 0 0 M 

Format 4. Call 

Bit 31 30 29 28 I 27 i 26 25 I 24 I 23 I 22 I 21 

Field P 0 0 1 0 0 M 

Format 5. Three Operand Add 

Bit 31 30 29 28 I 27 i 26 25 I 24 I 23 I 22 I 21 

Field P 0 0 0 D 

Format 6a. Arithmetic/Logic Group - Register Source 

Reserved 

20 I 19 I 18 I 17 I 16 

H 

0 

15-0 

N 

20 I 19 I 18 I 17 I 16 15-o 

H N 

20 i 19 I 18 I 17 I 16 

H 

15-0 

N 

Bit 31 30 j 29 28j27l26 25 24j23 j 22 i 21 2olrn I 18j17j16 15-10 9-5 4-o 
1---+-~~-+-~~~-t---t-~~~~~-+-~~~~~~~.--~~-1--~-t----< 

Field P 0 0 1 0 0 F D S 
'----'-~~--'-~~~-'-~~~~~~--'-~~~~~~~'---~~-'--~-'----' 

Format 6b. Arithmetic/Logic Group - Immediate Operand 

Bit 31 30 29 2a I 27 I 26 25 24 I 23 I 22 I 21 

Field P 0 0 0 F 

Format 7a. Data Move Group - Direct Memory Address 

20 J 19 I 18 I 17 I 16 

D 

15-0 

N 

Bit 31 30 I 29 28 I 27 I 26 25 24 23 i 22 21 20 I rn I 18 I 17 I 16 15-o 
f---+~-'-~-+-~-'-----''---+~--+-~+--'-~+---+~--'-----'~-'-~-'-~-t-~--l 

Field P 0 0 1 0 T W 0 H N 
'--~~~~~~~~~~~-'---~-'--~~~~~~~~~~~~~~---' 
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Format 7b. Data Move Group - Pointer Increment, Memory Address 

Bit 31 30 I 29 28 I 21126 25 24 23 I 22 21 20 I 19 I 18 I 11 I 16 15-10 9-5 4--0 

Field p 0 0 1 T w 1 H p 

Format 7c. Data Move Group - 1/0 

Bit 31 30 I 29 28 I 21 I 26 25 24 23 I 22 21 20119 I 18 I 11I16 15-10 9-5 4--0 

Field p 0 0 1 1 T w 0 H 00000 R 

CAU Encoding for CA Instruction Formats 

P Field (Bit 31). Specifies the parity bit. This field maintains an odd number of 1s in the encoding 
format (odd parity). If the remaining 31 bits of the instruction have an even number of 1s, the P bit is 
1; otherwise, the P bit is 0. 

Note: This P field (parity) is not to be confused with the p field used for memory pointers (rP). 

C Field. Specifies a CA, DA, or 1/0 condition. 

c Condition c Condition 

OOxxx CA 01xxx DA 

00000 No condition 01000 u 
00001 n 01001 N 
00010 z 01010 z 
00011 v 01011 v 
00100 c 01100 NIZ 
00101 n·v 01101 Reserved 
00110 z I (n'v) 01110 Reserved 
00111 clz 01111 Reserved 

T Field. Specifies the direction of a transfer -
to or from a register. 

T Operation 

0 Data is moved to a register from 
memory 

1 Data is moved to memory from a 
register 
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c Condition 

10xxx 110 
10000 ibf 
10001 obe 
10010 pdf 
10011 pit 
10100 sy 
10101 fb 
10110 Reserved 
10111 Reserved 

W Field. Specifies the high or low byte or 
integer data. 

w Description 

00 High byte 
01 Low byte 
1x Integer 

Signal Processing 



G Field. Specifies whether to branch if the 
condition specified in the C Field is true or false. 

G Operation 

0 Branch if condition = 0 (false) 
1 Branch if condition = 1 (true) 

F Field. Specifies the arithmetic/logic group 
function encoding. 

F Operation 

0000 rD=rD+rS 
0001 rD=rS*2 
0010 rD={N,rS}-rD 
0011 Reserved 

0100 rD=rD-{N,rS} 
0101 rD=-rS 
0110 Reserved 
0111 rD-{N,rS} 

1000 rD=rD.{N,rS} 
1001 Reserved 
1010 rD=D I {N,rS} 
1011 Reserved 

1100 rD=rS>>1 
1101 rD=rS/2 
1110 rD=rD&{N,rS} 
1111 rD&{N,rS} 

Signal Processing 
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S, D, M, or H Fields. Used for register 
encoding. 

S,D,M, or H Operand 

00000 0 
00001 r1 
00010 r2 
00011 r3 

00100 r4 
00101 r5 
00110 r6 
00111 r7 

01000 r8 
01001 r9 
01010 r10 
01011 r11 

01100 r12 
01101 r13 
01110 r14 
01111 Program counter (pc) 

10000 0 
10001 r15 
10010 r16 
10011 r17 

10100 r18 
10101 r19 
10110 -4(f),-2(i),-1 (b) 
10111 +4( f ),+2(i),+ 1 (b) 

11000 r20 (pin) 
11001 r21 (pout) 
11010 dauc 
11011 ioc 

11100 
11101 Reserved 
11110 
11111 
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P Field. Specifies a register indirect data move: 
*rP, *rP++, *rP--, *rP++rl. 

p Operand 

00000 Selects format 7C 

00001 r1 
00010 r2 
00011 r3 
00100 r4 

00101 rs 
00110 r6 
00111 r7 
01000 r8 

01001 r9 
01010 r10 
01011 r11 
01100 r12 

01101 r13 
01110 r14 
01111 Reserved 
10000 Reserved 

10001 r1S 
10010 r16 
10011 r17 
10100 r18 

10101 r19 
10110 Reserved 
10111 Reserved 
11000 r20 (pin) 
11001 r21 (pout) 

11010 
11011 
11100 Reserved 
11101 
11110 
11111 
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I Field. Specifies a register indirect operation. 

I Operand 

00000 Reserved 
00001 r1 
00010 r2 
00011 r3 

00100 r4 
00101 rs 
00110 r6 
00111 r7 

01000 r8 
01001 r9 
01010 r10 
01011 r11 

01100 r12 
01101 r13 
01110 r14 
01111 Reserved 

10000 0 
10001 r1S 
10010 r16 
10011 r17 

10100 r18 
10101 r19 
10110 -2(1), -1 (b) 
10111 +2(i),+ 1 (b) 
11000 r20 (pin) 

11001 r21 (pout) 
11010 
11011 
11100 Reserved 
11101 
11110 
11111 

N Field. Specifies a 16-bit integer 
included as immediate data or as an address. 
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R Field (P = 00000). Specifies a register direct 
operation. This field is valid when the P Field 
is O. 

R Operand (P=OOOOO) 

00000 
00001 
00010 Reserved 
00011 
00100 ibuf 
00101 obuf 
00110 pdr 

00111 
01000 
01001 
01010 
01011 
01100 
01101 
01110 Reserved 
01111 
10000 
10001 
10010 
10011 
10100 
10101 
10110 pir 

10111 
11000 
11001 
11010 
11011 Reserved 
11100 
11101 
11110 
11111 
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Pin Descriptions 

40-Pin DIP 

vss 1• 40 VDD 

Vss 2 39 VDD 

Vss 3 38 VDD 

CKO 4 37 PAB2 

CKI 5 36 PABO 

ZN s 35 PAB1 

MMDO 7 34 PGN 

MMD1 8 33 PEN 

PWN 9 32 PACK 

RESTN 10 31 DI 

PDBO 11 30 ICK 

PDB1 12 29 IBF 

PDB2 13 28 ILD 

PDB3 14 27 SY 

PDB4 15 26 OEN 

PDB5 16 25 OSE 

PDB6 17 24 OLD 

PDB7 18 23 DO 

PINT 19 22 OBE 

PDF 20 21 OCK 

Figure 3. 40-Pin DIP Pin Diagram 

Pins by Numerical Order - 40-Pin DIP 

In Tables 21-23, I = input, 0 = output, and P = power. A microprocessor (µP) is used as an example 
of an external device connected to DSP32 device through the PIO interface. 

Table 21. Pin Descriptions by Numerical Order - 40-Pin DIP 

Pin Symbol Type Name/Description 

1 
2 Vss p Ground. 
3 

4 CKO o* Clock Out. Buffered clock at the same frequency as CKI. Synchronizes 
external devices to the DSP32. 

5 CKI I Clock In. Input clock. 

6 ZN I 3-State (Active Low). When active, all DSP32 output pins are 3-stated (high 
impedance); when not connected, ZN is inactive. 

7 MMDO I Memory Mode - Bits O and 1. Decoded to select the address of on-chip 
8 MMD1 memory (see the Memory Addressing section). 

9 PWN I Processor Write Enable (Active Low). When active, enables on-chip registers 
to be written to by a µP. 

10 RESTN I Reset (Active Low). Controls the DSP32 run/halt state. A high-to-low 
transition causes entry into the halt state; a low-to-high transition causes the 
reset sequence. The reset sequence stores the PC in r14; clears PC, roe, ESR; 
and sets EMR to mask all errors. The PCR register bits, except PCRO, are 
cleared; PCRO is set. CAU and DAU condition flags and the DAUC register 
are not affected by reset. 

* Indicates 3-state condition. 
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Table 21. Pin Descriptions by Numerical Order - 40-Pin DIP (Continued) 

Pin Symbol Type Name/Description 

11 PDBO Parallel Data Bus - Bit 0. 
12 PDB1 Parallel Data Bus - Bit 1. Bidirectional 8-bit 
13 PDB2 Parallel Data Bus - Bit 2. data bus for µP interface. 
14 PDB3 1/0* Parallel Data Bus - Bit 3. This bus transfers 
15 PDB4 Parallel Data Bus - Bit 4. data into and out of 
16 PDB5 Parallel Data Bus - Bit 5. the PIO registers for 
17 PDB6 Parallel Data Bus - Bit 6. use by a µP. 
18 PDB7 Parallel Data Bus - Bit 7. 

19 PINT o* Processor Interrupt. Interrupt to µP. PINT is set when a nonmasked 
error occurs or when the DSP32 writes to PIR and bit 2 of PCR is high; 
PINT is cleared by reading ESR or PIR. 

20 PDF o* Parallel Data Full. Set when PDR is written to by the DSP32 or a µP; 
cleared when PDR is read by the DSP32 or a µP. 

21 OCK 110* Output Clock. Clock for serial PCM output data. In internal mode OCK 
is an output; in external mode OCK is an input, depending on the 1/0 
format. 

22 QBE o* Output Buffer Empty. Indicates state of serial PCM output buffer 
(OBUF). OBE is cleared when OBUF is written by the DSP32. 

23 DO o* Data Output. Serial PCM data output from OBUF. 3-stated when OEN is 
high. 

24 OLD 110* Output Load. Clock for loading the parallel-to-serial converter from 
OBUF. In internal mode OLD is an output; in external mode OLD is an 
input, depending on the 1/0 format. 

25 OSE o* Output Shift Register Empty. Indicates end of serial transmission. 
Complement of OLD and delayed by the number of bits in the 
transmission, as set by the IOC register. 

26 OEN I Output Enable (Active Low). Enables DO as an output. When high, DO 
is 3-stated. 

27 SY 110* Synchronization. In internal mode (output), DSP32 provides frame sync; 
in external mode (input), frame sync is provided to the DSP32. 

28 ILD 1/0* Input Load. Clock for loading input buffer from serial-to-parallel 
converter. In internal mode ILD is an output; in external mode ILD is an 
input, depending on the 1/0 format. 

29 IBF o* Input Buffer Full. Indicates state of input buffer (IBUF). IBF is cleared 
when IBUF is loaded onto the parallel data bus by the DSP32. 

* Indicates 3-state condition. 
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Table 21. Pin Descriptions by Numerical Order - 40-DIP (Continued) 

Pin Symbol Type* Name/Description 

30 ICK 110* Input Clock. Clock for serial PCM input data. In internal mode ICK is an 
output; in external mode ICK is an input, depending on the 1/0 format. 

31 DI I Data Input. Serial PCM data into IBUF. 

32 PACK I Processor Acknowledge. Flag from µP acknowledging an interrupt. PACK 
allows the µP to read PIR register and to reset PINT. 

--
33 PEN I Processor Interface Enable (Active Low). When active, PEN allows a read 

from or a write to the processor PIO data bus (PDB). 

34 PGN I Processor Read Enable (Active Low). When active, enables PDB for output 
and allows the µP to read data from the selected PIO register. 

35 PAB1 Processor Address Bus - Bits 0-2. Decoded to select lower or upper byte 
36 PASO I of PAR, PDR, or EMR. Also selects ESR/PCR. 
37 PAB2 

38 
39 VDD p 5 V Supply. 
40 

• Indicates 3-state condition. 

100-Pin Rectangular PGA Package 

D D D D D D D D 

-~ g, 
D D D D D D D 

A11 811 C11 011 E11 F11 Gt1 H11 L11 M11 N11 P11 011 R11 511 

D D D D D D D D D D D D D D D D 
A10 810 C10 010 E10 F10 610 H10 K10 L10 M10 N10 P10 010 R10 510 

D D D D D D D D 
A8 88 c8 08 P8 08 R8 58 

D D D D D D D D 
A7 87 C7 07 P7 07 R7 57 

D D D D D D D D 
A5 85 C5 05 PS 05 R5 55 

D D D D D D D D 
A4 84 C4 04 P4 04 R4 54 

D D D D D D D D D D D D D D D D D 
A2 82 C2 02 E2 F2 62 H2 J2 K2 L2 M2 N2 P2 02 R2 52 

FD D D D D D D D D D D D D D D D D 
[l_A1 81 C1 01 E1 F1 G1 H1 J1 K1 L1 M1 N1 P1 01 R1 51 

LxNoEx MARK 

Figure 4. 100-Pin Rectangular PGA Diagram -Top View 
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
511 R11 011 P11 N11 M11 Ll1 K11 J11 Ht1 G11 Fl1 E11 011 C11 811 A11 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
510 R10 010 P10 N10 M10 LIO K10 J10 H10 G10 F10 E10 010 CtO BtO AtO 

0 0 0 0 0 0 0 0 
SB R8 OB PB DB CB B8 AB 

0 0 0 0 0 0 0 0 
57 R7 07 P7 07 C7 87 A7 

0 0 0 0 0 0 0 0 
55 R5 05 P5 05 C5 B5 A5 

0 0 0 0 0 0 0 0 
54 R4 04 P4 04 C4 84 A4 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
S2 R2 02 P2 N2 M2 L2 K2 J2 H2 G2 F2 E2 02 C2 B2 A2 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ol 
St Rt 01 Pt Nt M1 L1 Kt J1 H1 G1 F1 E1 Dt Ct Bt A1 

INDEX MARK 

Figure 5. 100-Pin Rectangular PGA Diagram - Bottom View 

Pins by Alphanumerical Order - PGA Package 

Table 22. Pin Descriptions by Alphanumerical Order - PGA Package 

Pin Symbol Type Name/Description 

A1 0800 1/0 External Memory Data Bus - Bit 00. 

A2 0801 110* External Memory Data Bus - Bit 01. 

A4 vss p Ground. 

A5 MSN1 o* Memory Select - Bit 1 (Active Low). Selects byte 1 of memory 
addressed by the external memory address bus. 

A7 MSNO o* Memory Select - Bit O (Active Low). Selects byte O of memory 
addressed by the external memory address bus. 

A8 vss p Ground. 

A10 ABO? o* External Memory Address Bus - Bit 07. 

A11 AB06 o* External Memory Address Bus - Bit 06. 

81 0802 1/0* External Memory Data Bus - Bit 02. 

82 0803 1/0* External Memory Data Bus - Bit 03. 

84 MSN3 o* Memory Select - Bit 3 (Active Low). Selects byte 3 of memory 
addressed by the external memory address bus. 

85 MSN2 o* Memory Select - Bit 2 (Active Low). Selects byte 2 of memory 
addressed by the external memory address bus. 

87 AB13 o* External Memory Address Bus - Bit 13. 

88 AB12 o* External Memory Address Bus - Bit 12. 

810 AB05 o* External Memory Address Bus - Bit 05. 

811 AB04 o* External Memory Address Bus - Bit 04. 

• Indicates 3-state condition. 
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Table 22. Pin Descriptions by Alphanumerical Order - PGA Package (Continued) 

Pin Symbol Type Name/Description 

C1 DB04 110* External Memory Data Bus - Bit 04. 

C2 OBOS 110* External Memory Data Bus - Bit 05. 

C4 - - Not Used. This pin must be left open. 

cs - - Not Used. This pin must be left open. 

C7 AB11 o* External Memory Address Bus - Bit 11. 

CB AB10 o* External Memory Address Bus - Bit 10. 

C10 AB03 o* External Memory Address Bus - Bit 03. 

C11 AB02 o* External Memory Address Bus - Bit 02. 

01 DB06 110* External Memory Data Bus - Bit 06. 

D2 DB07 110* External Memory Data Bus - Bit 07. 

D4 MGN o* Memory Output Enable (Active Low). Enables memory output on 
external memory data bus. 

DS MWN o* Memory Write (Active Low). Controls data writes to memory. 

D7 AB09 o* External Memory Address Bus - Bit 09. 

DB ABOB o* External Memory Address Bus - Bit 08. 

D10 AB01 o* External Memory Address Bus - Bit 01. 

D11 ABDO o* External Memory Address Bus - Bit 00. 

E1 VDD p 5 V Supply. For external memory interface. He~ernalmemoryisn~ 
used, this pin must be connected to Vss. 

E2 DBOB 110* External Memory Data Bus - Bit 08. 

E10 CKI I Clock In. Input clock. 

E11 VDD p 5 V Supply. 

F1 DB09 110* External Memory Data Bus - Bit 09. 

F2 DB10 110* External Memory Data Bus - Bit 10. 

F10 MMD1 I Memory Mode - Bit 1. Decoded with MMDO to select the address 
of on-chip memory (see the Memory Addressing section). 

F11 MMDO I Memory Mode - Bit O. Decoded with MMD1 to select the address 
of on-chip memory. 

G1 DB11 110* External Memory Data Bus - Bit 11. 

G2 DB12 1/0* External Memory Data Bus - Bit 12. 

* Indicates 3-state condition. 
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Table 22. Pin Descriptions by Alphanumerical Order - PGA Package (Continued) 

Pin Symbol Type Name/Description 

G10 RESTN I Reset (Active Low). Controls the DSP32 run/halt state; A high-to-
low transition causes entry into the halt state; a low-to-high 
transition causes the reset sequence. Reset sequence stores PC in 
r14; clears PC, IOC, ESR; and sets EMR to mask all errors. The PCR 
register bits, except PCRO, are cleared; PCRO is set. CAU and DAU 
condition flags and the DAUC registers are not affected by reset. 

G11 ZN I 3-State (Active Low). When active, all OSP32 output pins are 3-
stated; when not connected, ZN is inactive. 

H1 0813 110* External Memory Data Bus - Bit 13. 

H2 0814 1/0* External Memory Data Bus - Bit 14. 

H10 - - Not Used. This pin must be left open. 

H11 CKO o* Clock Out. Buffered clock at the same frequency as CKI. 
Synchronizes external devices to the DSP32. 

J1 0815 1/0* External Memory Data Bus - Bit 15. 

J2 0816 110* External Memory Data Bus - Bit 16. 

J10 - - Not Used. This pin must be left open. 

J11 vss p Ground. 

K1 0817 110* External Memory Data Bus - Bit 17. 

K2 0818 110* External Memory Data Bus - Bit 18. 

K10 - - Not Used. This pin must be left open. 

K11 PAB2 I Processor Address Bus - Bit 2. Bit 2 of 3-bit address from µP 
decoded along with PASO (pin L11) and PAB1 (pin L10) to select the 
lower and upper byte of PAR, PDR, or EMR. Also selects ESR/PCR. 

L1 0819 1/0* External Memory Data Bus - Bit 19. 

L2 0820 110* External Memory Data Bus - Bit 20. 

L10 PAB1 I Processor Address Bus - Bit 1. Bit 1 of 3-bit address from µP 
decoded along with PASO (pin L 11) and PAB2 (pin K11) to select 
the lower or upper byte of PAR, PDR, or EMA. Also selects 
ESR/PCR. 

L11 PASO I Processor Address Bus - Bit O. Bit O of 3-bit address from µP 
decoded along with PAB1 (pin L10) and PAB2 (pin K11) to select 
the lower or upper byte of PAR, POR, or EMA. Also selects 
ESR/PCR. 

M1 0821 1/0* External Memory Data Bus - Bit 21. 

M2 0822 110* External Memory Data Bus - Bit 22. 

* Indicates 3-state condition. 
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Table 22. Pin Descriptions by Alphanumerical Order - PGA Package (Continued) 

Pin Symbol Type Name/Description 

M10 PWN I Processor Write Enable (Active Low). When active, enables on-
chip registers to be written by a µP. 

M11 PGN I Processor Read Enable (Active Low). When active, enables PD8 
for output and allows the µP to read data from the selected PIO 
register. 

N1 VDD p 5 V Supply. For external memory interface. If external memory is not 
used, this pin must be connected to Vss. 

N2 0823 110* External Memory Data Bus - Bit 23. 

N10 PEN I Processor Interface Enable (Active Low). When active, PEN allows 
a read from or a write to the PIO data bus (PD8). 

N11 VDD p 5 V Supply. 

P1 0824 110* External Memory Data Bus - Bit 24. 

P2 D825 110* External Memory Data Bus - Bit 25. 

P4 OEN I Output Enable (Active Low). Enables DO for output. When set, DO 
is 3-stated. 

PS 08E o* Output Buffer Empty. Indicates the state of serial PCM output 
buffer (08UF). 08E is cleared when 08UF is written to by the 
OSP32. 

P7 DI I Data Input. Serial PCM data input to 18UF. 

P8 PDF o* Parallel Data Full. Set when POR is written to by the DSP32 or a 
µP; cleared when PDR is read by the DSP32 or a µP. 

P10 PACK I Processor Acknowledge. Flag from µP acknowledging interrupt. 
PACK allows the µP to read PIA register and to reset PINT. 

P11 P080 110* Parallel Data Bus - Bit O. 

Q1 D826 110* External Memory Data Bus - Bit 26. 

Q2 D827 1/0* External Memory Data Bus - Bit 27. 

Q4 DO o* Data Output. Serial PCM data output from 08UF. 3-stated when 
OEN is set. 

Q5 18F o* Input Buffer Full. Indicates state of input buffer (18UF). 18F is 
cleared when 18UF is loaded onto the data bus by DSP32. 

Q7 ILD 1/0* Input Load. Clock for loading input buffer from serial-to-parallel 
converter. In internal mode ILD is an output; in external mode ILD is 
an input, depending on the 1/0 format. 

* Indicates 3-state condition. 
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Table 22. Pin Descriptions by Alphanumerical Order - PGA Package (Continued) 

Pin Symbol Type Name/Description 

08 PINT o* Processor Interrupt. Interrupt to µP. PINT is set when a 
nonmasked error occurs, or when the DSP32 writes to PIR and bit 2 
of PCR is set; PINT is cleared by reading ESR or PIR. 

010 PD82 1/0* Parallel Data Bus - Bit 2. 

011 PD81 110* Parallel Data Bus - Bit 1. 

R1 D828 110* External Memory Data Bus - Bit 28. 

R2 D829 110* External Memory Data Bus - Bit 29. 

R4 OSE o* Output Shift Register Empty. Indicates end of serial transmission. 
Complement of OLD. Delayed by the number of bits in the 
transmission as set by the IOC register. 

RS SY 1/0* Synchronization. In internal mode (output), DSP32 provides frame 
sync; in external mode (input), frame sync is provided to the DSP32. 

R7 ICK 110* Input Clock. Clock for serial PCM input data. In internal mode ICK 
is an output; in external mode ICK is an input, depending on the 1/0 
format. 

R8 PD87 110* Parallel Data Bus - Bit 7. 

R10 PD84 1/0* Parallel Data Bus - Bit 4. 

R11 PD83 1/0* Parallel Data Bus - Bit 3. 

S1 DB30 l/O* External Memory Data Bus - Bit 30. 

S2 D831 110* External Memory Data Bus - Bit 31. 

S4 vss p Ground. 

SS OLD 1/0* Output Load. Clock for loading parallel-to-serial converter from 
08UF. In internal mode OLD is an output; in external mode OLD is 
an input, depending on the 110 format. 

S7 OCK 110* Output Clock. Clock for serial PCM output data. In internal mode 
OCK is an output; in external mode OCK is an input, depending on 
the 1/0 format. 

Sa vss p Ground. 

S10 PD86 1/0* Parallel Data Bus - Bit 6. 

S11 PD8S 1/0* Parallel Data Bus - Bit 5. 

• Indicates 3-state condition. 
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Pins by Functional Group Order 

Table 23. Pin Descriptions by Functional Group Order - PGA Package 

Pin Symbol Type Name/Description 

011 A800 External Memory Address Bus - Bit 00. 
010 A801 External Memory Address Bus - Bit 01. 
C11 A802 External Memory Address Bus - Bit 02. 
C10 A803 External Memory Address Bus - Bit 03. 
811 A804 External Memory Address Bus - Bit 04. 
810 ABOS External Memory Address Bus - Bit 05. 
A11 AB06 o* External Memory Address Bus - Bit 06. 
A10 ABO? External Memory Address Bus - Bit 07. 
DB A80B External Memory Address Bus - Bit 08. 
D7 AB09 External Memory Address Bus - Bit 09. 
CB AB10 External Memory Address Bus - Bit 10. 
C7 AB11 External Memory Address Bus - Bit 11. 
8B AB12 External Memory Address Bus - Bit 12. 
B7 AB13 External Memory Address Bus - Bit 13. 

A1 DBOO External Memory Data Bus - Bit 00. 
A2 DB01 External Memory Data Bus - Bit 01. 
B1 DB02 External Memory Data Bus - Bit 02. 
B2 DB03 External Memory Data Bus - Bit 03. 
C1 DB04 External Memory Data Bus - Bit 04. 
C2 DB05 External Memory Data Bus - Bit 05. 
D1 0806 External Memory Data Bus - Bit 06. 
D2 DB07 External Memory Data Bus - Bit 07. 
E2 DB08 External Memory Data Bus - Bit 08. 
F1 0809 External Memory Data Bus - Bit 09. 
F2 0810 1/0* External Memory Data Bus - Bit 1 O. 
G1 DB11 External Memory Data Bus - Bit 11. 
G2 0812 External Memory Data Bus - Bit 12. 
H1 0813 External Memory Data Bus - Bit 13. 
H2 DB14 External Memory Data Bus - Bit 14. 
J1 DB15 External Memory Data Bus - Bit 15. 
J2 DB16 External Memory Data Bus - Bit 16. 
K1 0817 External Memory Data Bus - Bit 17. 
K2 0818 External Memory Data Bus - Bit 18. 
L1 0819 External Memory Data Bus - Bit 19. 
L2 0820 External Memory Data Bus - Bit 20. 
M1 DB21 External Memory Data Bus - Bit 21. 
M2 0822 External Memory Data Bus - Bit 22. 

* Indicates 3-state condition. 
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Table 23. Pin Descriptions by Functional Group Order - PGA Package (Continued) 

Pin Symbol Type Name/Description 

N2 0823 External Memory Data Bus - Bit 23. 
P1 0824 External Memory Data Bus - Bit 24. 
P2 0825 External Memory Data Bus - Bit 25. 
01 0826 External Memory Data Bus - Bit 26. 
02 0827 110* External Memory Data Bus - Bit 27. 
R1 0828 External Memory Data Bus - Bit 28. 
R2 0829 External Memory Data Bus - Bit 29. 
81 0830 External Memory Data Bus - Bit 30. 
82 0831 External Memory Data Bus - Bit 31. 

F11 MMOO Memory Mode _ Bit o. MMOO and MM01 are decoded 

F10 MM01 I Memory Mode _ Bit 1. to select the address of on-chip 
memory (see the memory addressing section). 

04 MGN o* Memory Output Enable (Active Low). Enables memory output on 
external memory data bus. 

05 MWN o* Memory Write (Active Low). Controls data writes to memory. 

A7 M8NO Memory Select - Bit o. M8NO-M8N3 (active low), 
AS M8N1 o* Memory Select - Bit 1. select individual bytes 0, 1, 2, or 3 of 
85 M8N2 Memory Select - Bit 2. memory addressed by the external 
84 M8N3 Memory Select - Bit 3. memory address bus. 

P11 P080 Parallel Data Bus - Bit O. 
011 P081 Parallel Data Bus - Bit 1. 
010 P082 Parallel Data Bus - Bit 2. 
R11 P083 1/0* Parallel Data Bus - Bit 3. 
R10 P084 Parallel Data Bus - Bit 4. 
811 P085 Parallel Data Bus - Bit 5. 
810 P086 Parallel Data Bus - Bit 6. 
R8 P087 Parallel Data Bus - Bit 7. 

L11 PA80 Processor Address Bus - Bit 0. PA80-PA82 are decoded to 

L10 PA81 I Processor Address Bus - Bit 1. select the lower or upper byte 

K11 PA82 Processor Address Bus - Bit 2. of PAR, POR, or EMR. Also 
selects E8R/PCR. 

P10 PACK I Processor Acknowledge. Flag from µP acknowledging interrupt. 
PACK allows the µP to read PIR register and reset PINT. 

* Indicates 3-state condition. 
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Table 23. Pin Descriptions by Functional Group Order - PGA Package (Continued) 

Pin Symbol Type Name/Description 

N10 PEN I Processor Interface Enable (Active Low). When active, PEN 
allows a read from or a write to the PIO data bus (PDB). 

M11 PGN I Processor Read Enable (Active Low). Allows µP to read data 
from the selected PIO register. 

M10 PWN I Processor Write Enable (Active Low). When active, enables 
on-chip registers to be written to by a µP. 

08 PINT o* Processor Interrupt. Interrupt to µP. PINT is set when a 
nonmasked error occurs, or when the DSP32 writes to PIA 
and bit 2 of PCA is set; PINT is cleared by reading ESA or PIA. 

P8 PDF o* Parallel Data Full. Set when PDA is written to by the DSP32 
or a µP; cleared when PDR is read by the DSP32 or by a µP. 

P7 DI I Data Input. Serial PCM data in to IBUF. 

QS IBF o* Input Buffer Full. Indicates state of input buffer (IBUF). IBF is 
cleared when IBUF is loaded onto the data bus by DSP32. 

R7 ICK 110* Input Clock. Clock for serial PCM input data. In internal 
mode ICK is an output; in external mode ICK is an input, 
depending on the 1/0 format. 

Q7 ILD 110* Input Load. Clock for loading input buffer from serial-to-
parallel converter. In internal mode ILD is an output; in 
external mode ILD is an input, depending on the 1/0 format. 

Q4 DO o* Data Output. Serial PCM data output from OBUF. 3-stated 
when OEN is set. 

PS OBE o* Output Buffer Empty. Indicates the state of serial PCM 
output buffer (OBUF). OBE is cleared when OBUF is written to 
by the DSP32. 

S7 OCK 1/0* Output Clock. Clock for serial PCM output data. In internal 
mode OCK is an output; in external mode OCK is an input, 
depending on the 110 format. 

SS OLD 110* Output Load. Clock for loading parallel-to-serial converter 
from OBUF. In internal mode OLD is an output; in external 
mode OLD is an input, depending on the 1/0 format. 

R4 OSE o* Output Shift Register Empty. Indicates end of serial 
transmission. Complement of OLD. Delayed by the number of 
bits in the transmission as set by the IOC register. 

* Indicates 3-state condition. 
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Table 23. Pin Descriptions by Functional Group Order - PGA Package (Continued) 

Pin Symbol Type Name/Description 

P4 OEN I Output Enable (Active Low). Enables DO for output. When 
set, DO is 3-stated. 

R5 SY 110* Synchronization. In internal mode (output), DSP32 provides 
frame sync; in external mode (input), frame sync is provided 
to the DSP32. 

E10 CKI I Clock In. Input clock. 

H11 CKO o* Clock Out. Buffered clock at the same frequency as CKI. 
Synchronizes external devices to the DSP32. 

G10 RESTN I Reset (Active Low). Controls the DSP32 run/halt state. A 
high-to-low transition causes entry into the halt state; a low-
to-high transition causes the reset sequence. Reset sequence 
stores PC in r14; clears PC, IOC, ESR; and sets EMR to mask 
all errors. The PCR register bits, except PCRO, are cleared; 
PCRO is set. CAU and DAU condition flags and the DAUC 
registers are to affected by reset. 

G11 ZN I 3-State (Active Low). When active, all DSP32 output pins are 
3-stated; when not connected, ZN is inactive. 

E1 VDD p 5 V Supply. For external memory interface. If external 
N1 memory is not used, this pin must be connected to Vss. 

E11 VDD p 5 V Supply. 
N11 

A4 
S4 
AS Vss p Ground. 
SS 
J11 

C4 
C5 
H10 - - Not Used. These pins must be left open. 
J10 
K10 

* Indicates 3-state condition. 

Characteristics 

Electrical Characteristics and Requirements 

Tc= 0 to 115 °C; Vss = 0 V 
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Table 24. Input and Output Parameters 

16 MHz 25 MHz 

Parameter Sym Min Typ Max Min Typ Max Unit 

Supply voltage Voo 4.5 5.0 5.5 4.75 5.0 5.25 v 

Input voltage: 
all inputs except ZN 

low VIL - - .8 - - 0.8 v 
high VIH 2.4 - - 2.4 - - v 

ZN 
low V1L - - vss - - Vss v 
high VIH Open - - Open - - v 

Output voltage: 
low (IOL = 2 mA) VOL - - 0.4 - - 0.4 v 
high (IOH = -0.2 mA) VOH 2.4 - - 2.4 - - v 

Input leakage: 
all inputs except ZN 

low (VIL = 0 V) Ill -10 - - -10 - - µA 
high (VtH = 5.5 V) llH - - 10 - - - µA 
high (VIH = 5.25 V) llH - - - - - 10 µA 

ZN 
low (VIL = O V) Ill -500 - - -500 - - µA 
high (VIH = 5.5 V) llH - - 20 - - - µA 
high (VIH = 5.25 V) llH - - - - - 20 µA 

Input capacitance C1 - - 10 - - 10 pF 

Output offset current: 
low (VOL = 0 V) IOZL -20 - - -20 - - µA 
high (VOH = 5.5 V) IOZH - - 20 - - - µA 
high (VOH = 5.25 V) IOZH - - - - - 20 µA 

Power supply current: loo 
Tc= 0 °C 

40-pin package - - 550 - - 550 mA 
100-pin package without EMI* - - 550 - - 550 mA 
100-pin package with EMI* - - 600 - - 600 mA 

Tc= 115 °C 
40-pin package - 360 420 - 360 420 mA 
100-pin package without EMI* - 360 420 - 360 420 mA 
100-pin package with EMI* - 400 470 - 400 470 mA 

Power dissipation: PD 
Tc= 0 °C 

40-pin package - - 3.0 - - 3.0 w 
100-pin package without EMI* - - 3.0 - - 3.0 w 
100-pin package with EMI* - - 3.3 - - 3.3 w 

Tc=115°C 
40-pin package - 1.8 2.3 - 1.8 2.3 w 
100-pin package without EMI* - 1.8 2.3 - 1.8 2.3 w 
100-pin package with EMI* - 2.0 2.6 - 2.0 2.6 w 

• EMI - external memory interface. 
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Output Drive 

The DSP32 device drives into 50 pF with currents of +2.0 mA IOL and -200 µA IOH and still maintains 
output voltages of 4.0 V (max) VOL and 2.4 V (min) VoH. 

RAM Hold Time 

The DSP32 device includes an internal mechanism for automatic refresh of the internal RAM. This 
refresh is always enabled when the device is reset. It consumes 4 periods of CKI every 128 periods, or 
about 3% of the DSP32 instruction execution time. The refresh can be disabled by setting bit 7 of the 
PCR register. This is accomplished by using the PIO port subsequent to the reset. If the refresh is 
disabled, the RAM hold time is guaranteed to be a minimum of 4 ms. 

Absolute Maximum Ratings 

Maximum ratings are the limiting conditions that can be applied under all variations of circuit and 
environmental conditions without the occurrence of permanent damage. 

Voltage on any pin with respect to ground .............................................................................. -0.5 to +6.5 V 
Storage temperature range ...................................................................................................... -65 to +150 °C 

Ambient Temperature 

The allowable ambient temperature, TA, in °C can be obtained from the following formula: 

TA= Tc - (PD x ecA> 

Where: 
Tc Chip case temperature, °C 
PD Power dissipation, W 

OCA Thermal resistance, case-to-ambient, °C/W 

The maximum ambient temperature for various arrangements with no air flow is given below. 

PD OCA TA 
Package Option (W) (oC/W) (oC) 

100-pin, PGA: 
with EMI 2.6 19 65 
without EMI 2.3 19 71 

40-pin DIP: 
no heat sink 2.3 32 41 
Aavid 6107 heat sink 2.3 23 62 

The maximum allowable ambient temperature can be increased with the use of air flow. The thermal 
resistance as a factor of air flow is shown in Figure 6. The minimum air flow required for an ambient 
temperature of 70 °C for various package options is shown below. 

PD Air Flow 
Package Option (W) (Ft/Min) 

100-pin, PGA: 
with EMI 2.6 80 
without EMI 2.3 0 

40-pin DIP: 
no heat sink 2.3 370 
Aavid 5807 heat sink 2.3 70 
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Handling Precautions 

All MOS devices must be handled with certain precautions in order to avoid damage due to the 
accumulation of static charge. Although input protection circuitry has been incorporated into the 
devices to minimize the effect of this static buildup, proper precautions should be taken to avoid 
exposure to electrostatic discharge during handling and mounting. AT&T employs a human body 
model and a charged device model for ESD susceptibility testing. Since the failure voltage of 
electronic devices is dependent on the current and voltage and, hence, the resistance and 
capacitance, it is important that standard values are employed to establish a reference by which to 
compare test data. Values of 100 pF and 1500 n are the most common and are the values used in the 
AT&T human body model test circuit. The breakdown voltage for the DSP32 DSP is 900 V, according 
to the human body model. Test data for the charged device model is available upon request. 

Timing Characteristics and Requirements 

Device Timing Characteristics and Requirements 

VDD = 5 V ± 10% (for 16-MHz part); VDD = 5 V ± 5% (for 25-MHz part); Vss = 0 V; TC = 0 to 115 °C; 
CLOAD = 90 pF 
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Table 25. Timing Requirements for Clocks (See Figure 7) 

16 MHz 25 MHz 

Description Symbol Min Max Min Max Unit 

Clock in period tCKILCKIL 61 125 40 125 ns 

Clock in low time tCKILCKIH 27.5 - 18 - ns 

Clock in high time tCKIHCKIL 27.5 - 18 - ns 

The timing characteristics and requirements for the external memory interfaces of the 16-MHz and 25-
MHz parts are specified in different manners. The timing characteristics and specifications for the 
16-MHz part are shown in Tables 26-28. The timing characteristics and specifications for the 25-
MHz part are shown in Tables 29-31. 

Table 26. Direct Timing Characteristics for External Memory Interface 
(16-MHz Only) 

Description Symbol Min Max Unit Fig 

MGN low delay tCKILMGNL 10 45 ns 8 
MGN high delay tCKILMGNH 10 45 ns 8 

MWN low delay tCKIHMWNL 15 50 ns 9 
MWN high delay tCKIHMWNH 15 50 ns 9 

Clock out low delay tCKILCKOL 20 55 ns 7 
Clock out high delay tCKIHCKOH 20 55 ns 7 

Address valid delay tCKILAV 20 55 ns -
Address valid hold tCKILAX 15 40 ns -
Data out valid delay tCKIHDV - 50 ns -
Data out hold* tCKILDZ 30 55 ns -

* The Z-state termination point is defined as a change of 0.5 V with a load of± 2 mA. 

Table 27. Timing Characteristics for External Memory Interface (16-MHz Only) 

Description Symbol Min* Max* Unit Fig 

Address valid tAVAX 2T- 20 - ns 10 
Address set-up to read tAVGL T-15 T ns 10 
Address valid to end of read tAVGH 2T- 15 2T ns 10 
Width of read strobe tGLGH T-10 T + 10 ns 10 

Address set-up to write tAVWL BL- 25 BL ns 11 
Address valid to end of write tAVWX T +BL - 25 T +BL ns 11 
Data set-up to write tDVWH T-25 - ns 11 
Data hold after write** tWHDZ OH - ns 11 
Width of write strobe tWLWH T- 10 T + 10 ns 11 

* T - tCKILCKIL; OL - tCKILCKIH; OH - tCKIHCKIL. 
••The Z-state termination point is defined as a change of 0.5 V with a load of± 2 mA. 
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Table 28. Timing Requirements for External Memory Interface 
(16-MHz Only) 

Description Symbol Min Max* Unit Fig 

Address access tAVDV - 2T- 40 ns 10 
Data enable tGLDV - T-20 ns 10 
Data set-up tDVGH 10 - ns 10 
Data disable tGHDZ 0 OL ns 10 

* T - tCKILCKIL; OL - tCKILCKIH; OH - tCKIHCKIL. 

Table 29. Direct Timing Characteristics for External Memory 
(25-MHz Only) 

Description Symbol Min Max Unit Fig 

MGN low delay tCKILMGNL - 35 ns 8 
MGN high delay tCKILMGNH - 40 ns 8 

MWN low delay tCKIHMWNL - 40 ns 9 
MWN high delay tCKIHMWNH - 40 ns 9 

Table 30. Timing Characteristics for External Memory (25-MHz Only) 

Description Symbol Min* Max* Unit Figure 

Address set-up to read tAVGL T-15 - ns 12 
Address hold after read tGHAX - 15 - ns 12 
Width of read strobe tGLGH T-10 - ns 12 

Address set-up to write tAVWL OL - 17 - ns 13 
Address hold after write tWHAX 0 - ns 13 
Data set-up to write tDVWH T-20 - ns 13 
Data hold after write** tWHDZ OH OH+ 20 ns 13 
Width of write strobe tWLWH T-10 - ns 13 

* T - tCHILCKIL; OL - tCKILCKIH; OH - tCKIHCKIL. 
••The Z-state termination point is defined as a change of 0.5 V with load of± 2 mA. 

Table 31. Timing Requirements for External Memory (25-MHz Only) 

Description Symbol Min Max* Unit Figure 

Address access tAVDV - 2T-30 ns 12 
Data enable tGLDV - T- 17 ns 12 
Data set-up tDVGH 10 - ns 12 
Data hold tGHDX -10 - ns 12 
Data disable tGHDZ - OL ns 12 

* T - tCKILCKIL; OL • tCKILCKIH; OH - tCKIHCKIL. 
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Summary of Timing Characteristics for External Memory Interface 

To assist in selecting memory devices, the following table summarizes the ac characteristics that must 
be met by memory devices connected to the DSP32 memory interface. 

Table 32. Timing Characteristics for External Memory Interface 

Description 

Read Cycle: 

Read cycle time 
tAVAX 

Address valid to data valid 
tAVDV 

Chip select** 

Read pulse width 
tGLGH 

Output enable low to output valid 
tGLDV + tDVGH 

Output enable high to 
output high-Z (hold time) tGHDZ 

-
Write Cycle I.Yi Controlled): 

Write cycle time 
tAVAX 

Address valid to end of write 
tAVWX 

Write pulse width 
tWLWH 

Data valid to end of write 
tDVWH 

Data hold time 

* T - tCKILCKIL (clock in period). 
OL - tCKJLCKIH (clock in low time). 
OH - tCKIHCKIL (clock in high time). 

16 MHz* 25 MHz* 

2T- 20 2T-17 
102 ns (min) 63 ns (min) 

2T- 40 2T-30 
82 ns (max) 50 ns (max) 

2T- 40 2T-30 
82 ns (max) 50 ns (max) 

T- 10 T- 10 
51 ns (max) 30 ns (max) 

T-20 T-17 
41 ns (max) 23 ns (max) 

(IL (IL 
27.5 ns (max) 18 ns (max) 

2T- 20 2T- 17 
102 ns (min) 63 ns (min) 

T + OL- 25 T+OL-17 
63.5 ns (min) 41 ns (min) 

T-10 T-10 
51 ns (min) 30 ns (min) 

T- 25 T- 20 
36 ns (min) 20 ns (min) 

OH OH 
27.5 ns (min) 18 ns (min) 

** Same as address access time, assuming MSNO-MSN3 are connected to CS. 
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Table 33. Timing Requirements for Serial Inputs (See Figure 12) 

16 MHz 25 MHz 

Description Symbol Min Max Min Max Unit 

Clock period tlCKLICKL 122 1000 80 1000 ns 

Clock low time tlCKLICKH 50 - 35 - ns 

Clock high time tlCKHICKL 50 - 35 - ns 

Load high set-up tlLDHICKH 40 - 25 - ns 

Load high hold tlCKHILDL 0 - 0 - ns 

Load low set-up tlLDLICKH 40 - 25 - ns 

Load low hold tlCKHILDH 0 - 0 - ns 

Data set-up tDIVICKH 35 - 25 - ns 

Data hold tlCKHDIX 0 - 0 - ns 

Table 34. Timing Characteristics for Serial Input (See Figure 12) 

16 MHz 25 MHz 

Description Symbol Min l Max Min l Max Unit 

Input buffer delay tlCKHIBFH - I 75 - I 50 ns 

Table 35. Timing Requirements for Serial Output (See Figure 15) 

16MHz 25MHz 

Description Symbol Min Max Min Max Unit 

Clock period tOCKLOCKL 122 1000 80 1000 ns 

Clock low time tOCKLOCKH 50 - 35 - ns 

Clock high time tOCKHOCKL 50 - 35 - ns 

Load high set-up tOLDHOCKH 40 - 25 - ns 

Load high hold tOCKHOLDL 0 - 0 - ns 

Load low set-up tOLDLOCKH 40 - 25 - ns 

Load low hold tOCKHOLDH 0 - 0 - ns 
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Table 36. Timing Characteristics for Serial Output (See Figure 15) 

16 MHz 25 MHz 

Description Symbol Min Max Min Max 

Data delay tOCKHDOV - 50 - 35 

Data hold tOCKHDOX 5 - 3 -
Output buffer empty delay tOCKHOBEH - 75 - 50 

Output shift register delay tOCKHOSEH - 75 - 50 

Enable delay tOENLDOV - 100 - 65 

Disable delay* tOENHDOZ - 100 - 65 

• The Z-state termination point is defined as a change of 0.5 V with a load of± 2 mA. 

Serial 1/0 (SIO) Timing Characteristics and Requirements 

Table 37. Timing Requirements for Serial Clock Generation* 
(See Figure 16a) 

16 MHz 25MHz 

Description Symbol Min Max Min Max Unit 

SY high set-up tSYHICKH 35 - 25 - ns 
tSYHOCKH 

SY high hold tlCKHSYL 0 - 0 - ns 
tOCKHSYL 

SY low set-up tSYLICKH 35 - 25 - ns 
tSYLOCKH 

SY low hold tlCKHSYH 0 - 0 - ns 
tOCKHSYH 

* ICK or OCK Is selected by IOC[BC]. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Table 38. Timing Characteristics for Serial Clock Generation (See Figures 16a, b, and c) 

16 MHz 25MHz 

Description Symbol Min Max Min Max Unit Fig 

Internal SY delay* tlCKHSYL - 75 - 50 ns 16b 
tOCKHSYL 

Internal load delay* tlCKHILDL - 85 - 60 ns 16b 
tOCKHOLDL 

Internal load/SY delay tSYLILDL - 50 - 35 ns 16a 
tSYLOLDL 

Clock period** tlCKHICKH 488 1000 320 1000 ns 16c 
tOCKHOCKH 

Clock low time tlCKLICKH 220 - 144 - ns 16c 
tOCKLOCKH 

Clock high time tlCKHICKL 220 - 144 - ns 16c 
tOCKHOCKL 

* ICK or OCK Is selected by IOC[BC]. 
** tlCKHICKH and tOCKHOCKH are tCKIHCKIH * 8. 
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Parallel 1/0 (PIO) Timing Characteristics and Requirements 

Table 39. Timing Requirements for PIO Read Cycle* (See Figure 17) 

16 MHz 25 MHz 

Description Symbol Min Max Min Max Unit 

Address set-up tPAVPRL 25 - 15 - ns 

PACK set-up tPACKHPRL 25 - 15 - ns 

Address hold tPRHPAX 0 - 0 - ns 

PACK hold tPRHPACKL 0 - 0 - ns 

• A minimum 200-ns interval is required for the start of the read or write cycle following 
the end of the previous read or write cycle. 

Table 40. Timing Characteristics for PIO Read Cycle (See Figure 17) 

16 MHz 25 MHz 

Description Symbol Min Max Min Max Unit 

Access from read* tPRLPDV - 100 - 65 ns 

Data hold from read** tPRHPDZ 10 70 - 50 ns 

•Read access time is for 150-pF loading on the PDB. With 200-pF loading, the maximum 
read access time is 130 ns. 

•• The Z-state termination point is defined as a change of O.SV with a load of ± 2 mA 
and 200-pF loading on the PDB. 

Table 41. Timing Requirements for PIO Write Cycle* (See Figure 18) 

16 MHz 25 MHz 

Description Symbol Min Max Min Max 

Address set-up tPAVPWL 25 - 15 -
Address hold tPWHPAX 0 - 0 -
Write pulse tPWLPWH 80 - 55 -
Data set-up tPDVPWH 50 - 35 -
Data hold tPWHPDX 0 - 0 -

Unit 

ns 

ns 

ns 

ns 

ns 

• A minimum 200-ns Interval is required for the start of the read or write cycle following the 
end of the previous read or write cycle. 

Table 42. Timing Characteristics for PDF and PINT (See Figures 17 and 18) 

16 MHz 25 MHz 

Description Symbol Min Max Min Max Unit 

PDF write delay tPWHPDFH - 120 - 85 ns 

PDF read delay tPRLPDFL - 120 - 85 ns 

PINT read delay tPRLPINTL - 150 - 105 ns 

PINT read delay tPRHPINTL - 150 - 105 ns 
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Reset Timing Characteristics and Requirements 

When the OSP32 device is powered-up, the dynamic RAM access strobes must be established before 
internal RAM accesses can be guaranteed. This can be accomplished in one of two ways. If the RAM 
autorefresh is enabled for a sufficient length of time (512 X tCKILCKIL) before the first internal RAM 
access, the refresh mechanism establishs the access strobes; otherwise, it is recommended that the 
OSP32 application program perform four dummy reads of each 512-word bank of internal RAM to 
establish the access strobes. This recommendation also applies to applications where PIO OMA 
transfers to internal OSP32 RAM occur after reset. 

The OSP32 device can be reset and halted by using either the PCR register or the RESTN pin. The 
PCR register is externally controlled through the PIO port. 

Reset Using the PCR Register. With the RESTN input high, the OSP32 device is halted by writing 
PCRO = O. It must remain halted for at least 22 periods of CKI (T). To bring the device out of halt and 
then begin execution, set PCR = Ox80, followed by PCR = Ox81. The other PCR bits can be set or 
cleared according to the application requirements. The timing requirements for the PCR writes are 
provided in Figure 16. 

Reset Using the RESTN Pin. The sequence required to initialize and run the OSP32 device is shown 
in Figure 17. The first low-to-high transition is required to initialize internal OSP32 registers. The next 
transition causes the OSP32 to begin execution. The valid address (all low) to the first instruction 
appears on the external address bus after the time interval. Note that, if the device is reset by using 
RESTN, the PCRO = 0 half is overridden and PCRO is set (PCR1-PCR7 are cleared) after the first low­
to-high transition of RESTN. SIO OMA can not be enabled during the first four instruction cycles. 

At any time after the initial power-up sequence, the device can be halted by a high-to-low transition of 
RESTN (see Figure 18). If the user wishes all instructions in the progress to execute to completion, the 
OSP32 must remain halted for at least 22 periods of CKl(T). The PIO port and the internal RAM 
refresh mechanism are active during halt. After halt, a single low-to-high transition of RESTN is 
sufficient to restart the OSP32 device at the first instruction. 

Table 43. Reset Timing Requirements for RESTN (See Figures 17 and 18) 

16 MHz 25 MHz 

Description Symbol Min Max Min Max Unit 

RESTN low set-up tRSTLCKIH 0 BL 0 BL ns 

RESTN high set-up tRSTHCKIH 0 BL 0 BL ns 

interval to PC = 0 tSTART 7T + 20 7T + 55 7T + 13 7T + 37 ns 

First RESTN low tRLOW1 T - T - ns 

First RESTN high tRHIGH1 T 4T T 4T ns 

Second RESTN low tROWL2 22T 100T 22T 100T ns 

* T - tCKILCKIL; OL - tCKILCKIH; OH - tCKIHCKIL. 
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Timing Diagrams 
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Figure 9. MWN Direct Timing 
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14-------- tAVAX-------...i 

14------ tAvwx -----eof .. I 
tAVWL tWLWH 

tDVWH 

tWHDZ 

DATA OUT 

Figure 11. External Memory Write Cycle for 16-MHz Device 

tAVGL tGLGH tGHAX 
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tAVDV tDVGH tGHDX 

DATA IN 

Figure 12. External Memory Read Cycle for 25-MHz Device 
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Figure 13. External Memory Write Cycle for 25-MHz Device 

ICK VIH -

VIL ------'I 

ILD VIH -
VIL -

Signal Processing 

DI 
V1L-

tlCKHICKL 

tlCKHIBj}-H 

IBF VOH -

--t 

Figure 14. Serial Input Timing 

6-113 



WE DSP32 Digital Signal Processor 

tOCKLOCKL 

tOCKLOCKH 

OCK VIH -
VIL----

OLD 

DO VOH 
VOL 

VOH -

OBE 

OEN VIH 
VIL 

tOENLDOV 

OSE VoH -

Figure 15. Serial Output Timing 
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PAB 
(PA) 

PACI< (1) VIH 
VIL 

READ (PR) VIH -
(PEN+PGN) VIL -

PDB VOH --------1 (PD) VOL -

PDF (2) VOL -

PINT (?I) VOL _ 

PINT (4) VOL _ 

tPACl<HPRL 

PRLPDV 

tPRLPDFL 

tPRLPINTL 

tPRHPACl<L 

tPRHPDZ 

DATA OUT 
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1 PACK used only for PIR read. To read other registers, PACK must be 0. 
2 PDF changes only on PAS - 3. 
3 PINT changes for the PIR read (if PINT - 1 is caused by loading of the PIR). 
4 PINT changes for the ESR read (if PINT- 1 is due to unmasked error). 

Figure 17. PIO Timing - Read Cycle 
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Figure 18. PIO Timing - Write Cycle (PGN High) 
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c 
tRHIGHI 

EXTERNAL MEMORY ADDRESS BUS 

Figure 19. RESTN Initialization Sequence 

RESTN VIH -
(RST) VIL-

tRSTLCKIH ~'"------i~--1-RS_T_H_C-Kl_H _ 
_ \14~i----- IRLOWZ 

EXTERNAL MEMORY ADDRESS BUS 

VOL-

Figure 20. RESTN Halt 
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Advance 

WE DSP32C Digital Signal Processor 

Features 
• 80-ns instruction cycle (50-MHz clock) 

• Zero-overhead looping 

• 32-bit floating-point arithmetic 

• Single-precision IEEE floating-point 
compatibility 

• Four 40-bit accumulators 

• Four memory accesses per instruction cycle 

• ROM-less device with 6144 bytes of on-chip 
RAM 

• ROM-coded device with 4096 bytes of RAM 
and 8192 bytes of mask-programmed ROM 

• Up to 16 Mbytes of external memory 

• Memory can be addressed as 8, 16, or 32 
bits 

Description 

• 16- and 24-bit integer operations 

• 16 Mbit/s serial input and output ports with 
DMA options 

• 8- or 16-bit microprocessor interface 
requiring no additional logic 

• Internal and external interrupts 

• Error control logic 

•Secure ROM 

• Carry with reverse add for efficient Fast 
Fourier Transform implementations 

• Support tools include the WE DSP32C-CC 
C Language Compiler, the WE DSP32C-SL 
Support Software Library, and the WE 
DSP32C-DS DSP Development System 

The WE DSP32C Digital Signal Processor (DSP) is the newest member of AT&T's family of 32-bit 
floating-point DSPs. It is the right choice for applications requiring floating-point arithmetic, 
high-throughput, and large amounts of memory. The DSP32C is fabricated in CMOS technology 
and is upward compatible with the WE DSP32 Digital Signal Processor; source code, object code, 
pin function, and timing specifications (from the DSP32) have been preserved in the DSP32C 
device. Enhancements include higher operating frequency, lower power requirements, larger 
external address space, and a hardware interrupt facility. 
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DSP32 and DSP32C Support 

A variety of tools are available to aid in application program development for devices in the DSP32 
family of DSPs. The software tools, which run under either the UNIX Operating System or the MS­
DOS Operating System, can be used for both the DSP32 and DSP32C processors. The hardware 
development systems are specific to each processor. 

WE DSP32-CC C Language Compiler. The optimizing C language compiler for the DSP32 family 
allows application programs to be written in a general high-level language. In applications where 
preliminary program development is performed by using a high-level language such as C, Fortran, 
or Pascal, the source-code can be ported to the DSP32C with a minimal amount of time and effort. 
(Utilities to translate source-files from Fortran or Pascal to C are commercially available.) A 
symbolic debugger and several libraries of commonly-used arithmetic and signal processing 
functions are included with the compiler. 

WE DSP32-SL Support Software Library. Software tools used to create, test, and debug DSP32C 
application programs at the assembly language level are included in the DSP32-SL Support 
Software Library. An assembler, link editor, simulator, and other utilities are also included. The 
simulator, which has such capabilities as single-stepping, breakpointing, and execution profiling, 
performs precise simulations of the device - including the timing of synchronous 1/0. Program 
debugging is aided by access to all registers and memory during a simulation. The simulator also 
serves as an interface to the DSP32C-DS Development System. 

WE DSP32-AL Application Software Library. A comprehensive library of commonly-used routines 
provides efficient, fully-tested, and easy to use routines that can be incorporated without 
modification into application programs or that can be modified to serve a more specific function. 
The library routines can be used with both assembly and C language programs. (The library is 
included with the C compiler.) Most routines include different versions to provide flexibility for 
dealing with memory and/or speed constraints. Routines are included for the following general 
topics: arithmetic, matrix arithmetic, filtering, adaptive filtering, FFTs, and graphics/image 
processing. 

WE DSP32-DS Development System. The development system is a single-board unit that 
supports the features of the software simulator (such as breakpoints) and allows application 
programs to be run in real-time on a DSP32 device with the same user interface as the software 
simulator. Up to seven systems can be cascaded to support multiple DSP systems. The 
development system also allows in-circuit emulation of the application hardware. 

WE DSP32C-DS Development System. A personal computer, the DSP32C-DS Development 
System, and the DSP32-SL Support Software Library form a powerful application development 
environment. The development system is a PC card that supports the features of the software 
simulator (such as breakpoints) and allows application programs to be run in real-time on a 
DSP32C device with the same user interface as the software simulator. Additional hardware 
modules allow expansion of the DSP32C device memory, in-circuit emulation of application 
hardware, and development of multi-DSP systems. 
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Application and Technical Note Summaries 

The following are abstracts of available application and technical notes. Following the note title is the 
document identification number. To receive a copy of any note described in these abstracts, contact 
your AT&T Account Manager or call: 

1-800-372-244 7 

Application Notes 
AN-10 Digital Multiplexed Interface Implementation (AP84-33 CMOS) 

The AN-10 application note provides a description of the DS1 chip set and its use in a digital 
multiplexed interface (DMI). DMI provides twenty-three 64-kb/s data channels and a 64-kb/s channel 
for common-channel signaling. It also provides several data transport formats and supports data 
rates up to 64 kb/s. 

The DS1 chip set, two transformers, and various generations of integrated circuits provide the 
physical interface for multiplexed data communications over digital facilities between a host computer 
and a PBX. The device set consists of a T7229 or 229GB Framer, 229FB Maintenance Buffer, 257 AL 
Transmit Formatter, 257AU Receive Synchronizer, 630AG/630AJ Receive Converter, and 606HM 
Transmit Converter. 

A description of the signal path through the devices and the interfacing requirements needed for both 
the line side and the host system end are provided in the AN-10 application note. Timing generation 
circuits for the DS1 devices are also presented. 

AN-13 RS-232C Compatible Date Encryption Unit (AP86-36 SMOS) 

The AN-13 application note describes the design and operation of a low-cost, RS-232C compatible, 
data encryption unit (DEU) used to encrypt or decrypt digital data. The design of the DEU is based on 
the AT&T T7000A Digital Encryption Processor (DEP) and the AT&T T7001 Random Number Generator 
(RNG). 

Many advanced electronic communication systems use an unprotected public medium as the 
communication link between users. These systems are easy to access and can be broken into by an 
unauthorized user for the purpose of eavesdropping or tampering with the data being sent on the line. 
The main function of the DEU is to provide secure data communication over a nonsecured public 
communications link. This is accomplished by encrypting the data before transmission. 

The National Bureau of Standards has defined a format for encryption called the Data Encryption 
Standard (DES). Communication systems that use the DES provide a reasonably high level of security. 
The T?OOOA DEP is a high-speed hardware implementation of the DES. In addition to implementing 
the four DES modes, this programmable device allows multiple or multiplexed ciphering, or the user 
may program his own unique encryption method. The T7001 RNG generates a truly random (not 
pseudorandom) output that can be used as encryption keys or initial values. 

An overview of both the T7000A and T7001 devices is presented and a description of the DEU and its 
operation is provided in detail. The AN-13 application note appendices contain all the information 
needed for this project. 
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AN-15 Configuring the T7100 X.25 Protocol Controller (XPC-8) (AP86-33 SMOS) 

The T71 OOA X.25 Protocol Controller integrated circuit is an X.25 level 2 protocol controller (XPC-8). It 
implements the balanced link access procedure (LAPB) for data interchange over a synchronous full­
duplex link as defined in the X.25 protocol. The XPC-8 is In compliance with CCITI X.25 1980 and ISO 
7776 (at the Draft International Standard [DIS] level). The protocol controller is byte-oriented, with a 
maximum transmit and receive data rate of 250 kb/s. 

The XPC-8 is configured for a specific X.25 application by writing appropriate values for the system 
parameters into the parameter registers when the XPC-8 is in a set-up state. 

The AN-15 application note contains information needed to perform the initialization of the XPC-8. It 
describes the architecture of the device, different operating modes, major features, and typical 
initialization code in C language. 

AN-16 Polled and Interrupt Mode Operations of the T7111 Synchronous 
Packet Data Formatter (AP86-34 SMOS) 

The AT&T T7111 Synchronous Packet Data Formatter (ANT) integrated circuit is used to interface 
serial data link level lines by using high-level data link control (HDLC) bit-synchronous protocol with 
8-bit microprocessor or microcontroller systems. The ANT is a single-channel, full-duplex, packet 
data formatter. It has a programmable register set to configure both host and serial link interfaces. 

The AN-16 application note contains information needed to utilize the ANT in a variety of system 
environments. It describes the major features, architecture of the device, and the operation and 
typical system applications of the T7111 ANT when used in the polled and interrupt modes. 

AN-18 OMA Mode Operation of the T7111 Synchronous Packet Data 
Formatter (AP86-46 SMOS) 

The AT&T T7111 Synchronous Packet Data Formatter (ANT) integrated circuit is used to interface 
serial data link level lines by using high-level data link control (HDLC) bit-synchronous protocol with 
8-bit microprocessor or microcontroller systems. The ANT is a single-channel, full-duplex, packet 
data formatter. It has a programmable register set to configure both host and serial link interfaces. 

The AN-18 application note contains information needed to utilize the ANT in a variety of system 
environments. It describes the major features, architecture of the device, and the operation and 
typical system applications of the T7111 ANT when used with a 8237 or 8257 DMA Controller. 

Technical Notes 
Interfacing the T7110 SPYDER-S to a DS1 Signal (TN86-095 SMOS) 

This technical note discusses guidelines for interfacing the AT&T T7110 Synchronous Protocol Data 
Formatter with Serial Interface (SPYDER-S) to a T1 /DS1 line at a 1.544 Mb/s serial data rate. Such an 
interface is required in a digital multiplexed interface (DMI) application or in an ISDN primary rate 
user-network interface. 

7-2 



Application and Technical Note Summaries 

229GB Framer Functions for DMI Applications (TN86-07 SMOS) 

This technical note describes the functions of the 229GB Framer that are available for digital 
multiplexed interface (DMI) applications. 

The 229GB Framer provides line and frame format interfaces for domestic digital carrier systems. The 
framer performs in-line and off-line framing functions in both receive and transmit directions. 

The 229GB Framer can be used as an alternative to the T7229 Framer. The 229GB and T7229 
Framers are designed for use with the 257AL Transmit Formatter, the 257AU Receive Synchronizer, 
and the 229FB Maintenance Buffer. Both framers are pin-compatible and, except for the 2.048-Mb/s 
CEPT TOM format provided by the T7229 Framer, have the same non-DMI capabilities. Additionally, 
the 229GB Framer provides DMI mode options that are not available with the T7229 Framer. 
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Package Information 

Throughout this section the following abbreviations are used: 

DIP - Dual in-line package 
SOJ - Small outline J-lead 
SOIC - Small outline gull wing 
PLCC - Plastic leaded chip carrier 
PGA - Pin grid array 

Table 1. Communication Devices by Device Number 

Device Name 

41LF 

1041LF Quad Differential Line Receiver 

1141 LF 

41LG 

1041LG Quad Differential Line Driver 

1141LG 

41LK 

1041LK Dual Differential Line Driver/Receiver Pairs 

1141LK 

41LL 

1041LL Dual Differential Line Driver/Receiver Pairs 

1141 LL 

41LM 

1041LM Dual Differential Line Driver/Receiver Pairs 

1141LM 

229FB Maintenance Buffer 

229GB Framer 

257AL Transmit Formatter 

257AU Receive Synchronizer 

606HM Transmit Converter 

630AG Receive Converter 

630AJ Receive Converter 

T7000A-PC Digital Encryption Processor 

T7001-PC Random Number Generator 

Package Figure 

16-pin plastic SOJ 3 

16-pin plastic DIP 1 

16-pin plastic SOIC 3 

16-pin plastic SOJ 3 

16-pin plastic DIP 1 

16-pin plastic SOIC 3 

16-pin plastic SOJ 3 

16-pin plastic DIP 1 

16-pin plastic SOIC 3 

16-pin plastic SOJ 3 

16-pin plastic DIP 1 

16-pin plastic SOIC 3 

16-pin plastic SOJ 3 

16-pin plastic DIP 1 

16-pin plastic SOJ 3 

40-pin plastic DIP 1 

40-pin ceramic 2 
nonhermetic DIP 

32-pin plastic DIP 1 

32-pin plastic DIP 1 

40-pin ceramic HIC DIP 4 

20-pin ceramic HIC DIP 4 

20-pin ceramic DIP 2 

40-pin plastic DIP 1 

32-pin plastic DIP 1 
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Table 1. Communication Devices by Device Number (Continued) 

Device Name Package Figure 

T7002-MC Bit Slice Multiplier (BSM) 68-pin PLCC 6 
T7003-MC 68-pin PLCC 6 

T7032-PC Clock Recovery Circuit 20-pin plastic DIP 1 

T7033-PC Clock Recovery Circuit 20-pin plastic DIP 1 

T7034-PC Clock Recovery Circuit 20-pin plastic DIP 1 

T7100A-BC X.25 Protocol Controller 48-pin ceramic DIP 2 

T7102A-RC X.25/X. 75 Protocol Controller 70-pin ceramic PGA 7 

T7110-MC Synchronous Protocol Data 68-pin PLCC 6 
Formatter with Serial 
Interface (SPYDER) 

T7111A-EC Synchronous Packet Data 28-pin plastic SOJ 3 

T7111A-PC Formatter (ANT) 28-pin plastic DIP 1 

T7112-EC Asynchronous Receive/ 28-pin plastic SOJ 3 

T7112-PC Transmit Interface (ARTI) 24-pin plastic DIP 1 

T7115-MC Synchronous Protocol 68-pin PLCC 6 
Data Formatter (SPYDER-T) 

T7229-PC Primary Access Framer 40-pin plastic DIP 1 

T7250A-MC User Network Interface for 44-pin PLCC 5 

T7250A-PC Terminal Equipment (UNITE) 40-pin plastic DIP 1 

T7252-MC ISDN Basic Access User 44-pin PLCC 5 
Network Interface Termination 

T7252-PC for Switches (UNITS) 40-pin plastic DIP 1 

T7260-MC U-lnterface Basic Access 44-pin PLCC 5 
Transceiver Chip Set (Analog) 

T7261-MC U-lnterface Basic Access 44-pin PLCC 5 
Transceiver Chip Set (Digital) 

T7274-EC Quad Differential Line Driver 16-pln plastic SOJ 3 

T7274-PC 16-pin plastic DIP 1 

T7275-EC Quad Differential Line Receiver 16-pin plastic SOJ 3 

T7275-PC 16-pin plastic DIP 1 

T7500-EC PCM Codec with Filters 20-pin plastic SOJ 3 

T7500-PC 18-pin plastic DIP 1 

T7512-EC Dual PCM Codec with Filters 28-pin plastic SOJ 3 

T7512-PC 28-pin plastic DIP 1 

T7513-EC PCM Codec with Filters 20-pin plastic SOJ 3 

T7513-PC 20-pin plastic DIP 1 
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Table 1. Communication Devices by Device Number (Continued) 

Device Name Package Figure 

T7513A-EE PCM Codec with Filters 20-pin plastic SOJ 3 

T7513A-PE 20-pln plastic DIP 1 

T7520-CC High-Precision PCM Codec with 24-pin ceramic DIP 2 
Filters 

T7521-CC High-Precision PCM Codec without 24-pin ceramic DIP 2 
Filters 

T7522-CC High-Precision PCM Codec with 24-pin ceramic DIP 2 
Filters 

T7523-CC High-Precision PCM Codec 24-pin ceramic DIP 2 
with Filters 

LC1046-AM Digital Signal Interface 28-pin plastic SOJ 3 

LC1046-AG 28-pin plastic DIP 1 

LC1135-BM Digital Signal Interface 28-pin plastic SOJ 3 

LC1135-BG 28-pin plastic DIP 1 

DSP16 WE DSP16 Digital Signal Processor 84-pin PLCC 8 

133-pin ceramic PGA 10 

DSP32 WE DSP32 Digital Signal Processor 1 DO-pin-ceramic PGA 9 

40-pin ceramic DIP 2 

DSP32C WE DSP32C Digital Signal Processor 133-pin ceramic PGA 10 
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Package Information 

Table 2. Communication Devices by Number of Pins 

Pins Package Device Figure 

Plastic DIP T7274-PC, T7275-PC, 1041LF, 1041LG, 1041LK, 1041LL, 1 
1041LM 

16 Plastic SOJ T7274-EC, T7275-EC,41LF,41LG,41LK,41LL,41LM 3 

Plastic SOIC 1141 LF, 1141 LG, 1141 LK, 1141 LL, 1141 LM 3 

18 Plastic DIP T7500-PC 1 

Plastic DIP T7032-PC, T7033-PC, T7034-PC, T7513-PC, T7513A-PE 1 

20 Plastic SOJ T7500-EC, T7513-EC, T7513A-EE 3 

Ceramic HIC DIP 630AG, 630AJ 4 

24 Plastic DIP T7112-PC 1 

Ceramic DIP T7520-CC, T7521-CC, T7522-CC, T7523-CC 2 

28 Plastic DIP T7111A-PC, T7512-PC, LC1046-AG, LC1135-BG 1 

Plastic SOJ T7111A-EC, T7112-EC, T7512-EC, LC1046-AM, LC1135-BM 3 

32 Plastic DIP 257 AL, 257 AU 1 

Plastic DIP T7000A-PC, T7229-PC, T7250A-PC 1 

40 Ceramic DIP 229GB, DSP32 2 

Ceramic HIC DIP 606HM 4 

44 PLCC T7250A-MC, T7252-MC, T7260-MC, T7261-MC 5 

48 Ceramic DIP T7100A-BC 2 

68 PLCC T7002-MC, T7003-MC, T7110-MC, T7115-MC 6 

70 Ceramic PGA T7102A-RC 7 

84 PLCC DSP16 8 

100 Ceramic PGA DSP32 9 

133 Ceramic PGA DSP16, DSP32C 10 
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Package Information 

All AT&T telecommunication devices whose device code begins with a T (i.e., T7040-MC) conform to 
an industry compatible device coding format. These device codes contain information regarding the 
device's package type and temperature range. This information is located at the end of the device 
code and is separated from the device number by a dash. 

The device's package type is identified by the letter immediately following the dash. The following list 
gives the package types available and their corresponding letter code: 

B = Nonhermetic, ceramic DIP 
C = Hermetic, ceramic DIP 
E = Small outline 
G = Dual-cavity, ceramic DIP 
J = Nonhermetic, leadless chip carrier 
K = Hermetic, leadless chip carrier 
L = Hermetic, ceramic, leaded chip carrier 
M = Plastic, leaded chip carrier 
N = Nonhermetic, ceramic pin array 
p = Plastic DIP 
R = Hermetic, ceramic pin array 
T = Plastic, leadless chip carrier 
U = Nonhermetic, ceramic, leaded chip carrier 

The device's operating temperature range is identified by the last letter in the device code. The 
following list gives the temperature ranges available and their corresponding letter code: 

C = O to 70 °C (commercial} 
E = 0 to 85 °C (extended) 
M = Military 
L = -40 to +85 °C (outside plant/loop) 
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Package Information 

INDEX MARK 

INDEX AREA 

i:---
.125 (3.17) 

MIN 
SEATING 

PLANE 
I ~ .015 (.38) MIN 

I 
j_ 

~00(2.54)u 
Note: Dimensions are In Inches and (millimeters). 

Figure 1. Postmolded Plastic DIPs 

Table 3. Postmolded Plastic DIP Dimensions 

No. A B c D E F 
Pins Max Max Max Max BSC Max Notes 

16 .320 .795 .265 .140 .300 .400 1, 2, 3 
(8.13) (20.19) (6.73) (3.56) (7.62) (10.16) 

18 .320 .920 .255 .145 .300 .400 1,2,3 
(8.13) (23.37) (6.48) (3.68) (7.62) (10.16) 

20 .320 1.040 .255 .140 .300 .400 1, 2, 3 
(8.13) (26.42) (6.48) (3.56) (7.62) (10.16) 

24 .615 1.270 .555 .165 .600 .700 1, 2, 3 
(15.62) (32.26) (14.10) (4.19) (15.24) (17.78) 

28 .615 1.470 .555 .165 .600 .700 1, 2, 3 
(15.62) (37.34) (14.10) (4.19) (15.24) (17.78) 

32 .615 1.580 .555 .165 .600 .700 3,4 
(15.62) (40.13) (14.10) (4.19) (15.24) (17.78) 

40 .615 2.070 .555 .165 .600 .700 1, 2, 3 
(15.62) (52.58) (14.10) (4.19) (15.24) (17.78) 

Notes: 
1 Meets JEDEC standards. 
2 Index mark may be semicircular notch or a circular dimple located in Index area. 
3 Actual dimensions may vary depending on location of assembly, but all meet 

limits shown In table. 
4 Package does not have a JEDEC-approved pin-out. 
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LEAD NUMBER 1 INDEX MARK 
(SHAPE NOT A REQUIREMENT) 

I ,..._~~~~~~~~_..., 

J -1 ~T:G PLANE J 

050 (1 27) _.j I~ .019 (.48) ± .003 (.08) 

APROX 
(BOTH ENOS) 

.100 (2.54) REF 

Note: Dimensions are In inches and (millimeters). 

Figure 2. Ceramic DIP - Cavity Up (Facing Away From 
Printed Wiring Boards) 

Table 4. Ceramic DIP Dimensions 

No. A B c D E 
Pins Max Max Nom Approx Max 

20 .325 1.015 .290 .035 .135 
(8.25) (25.78) (7.37) (.89) (3.43) 

24 .620 1.212 .590 .050 .135 
(15.75) (30.78) (14.99) (1.27) (3.43) 

40 .620 2.020 .590 .050 .135 
(15.75) (51.31) (14.99) (1.27) (3.43) 

48 .620 2.420 .590 .050 .135 
(15.75) (61.47) (14.99) (1.27) (3.43) 

Note: Maximum chip size is for chip with pads on two sides. 

t 
E 

* 

F 
Nom 

.300 
(7.62) 

.600 
(15.24) 

.600 
(15.24) 

.600 

t 
.169 (4.29) MIN 
.201 (5.10) MAX 

G 
Min 

.045 
(1.14) 

.040 
(1.02) 

.040 
(1.02) 

.040 
(15.24) (1.02) 

Package Information 

--!II-- .013 (.33) I 
I I 

IE ~I 

Caution: For T7520, T7521, and T7522 Codecs, the cavity cover is internally connected to AGND. 
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Package Information 

,, ,, 
I l _________ I I fl 

.004 (.10) 

11 11-----~-I 11 l.J LJ l .J l.J 
1 

i------ A MAX 

.024 x 30° 11 (LEAD INDEX) 

[~ [~=-] ~I~ .. , 
i 'L -i~~~(46) 

--a-I .050 (1.27) 
TYP 

Note: Dimensions are in inches and (millimeters). 

Figure 3a. Plastic SOJ Packages 

Table 5. Small-Outline Package Dimensions 

No. A 

OJ~\ 
I. .420 (10.67) MAX ___j 

SOIC Congfiguration 

,...._ ___ .355 (9.02) MAX --­r ·299 (7.59) MAX 1 

SOJ Configuration 

Max Chip Size 
Leads Max Lead Configuration* LXW 

16 .408 (10.36) A,8,c,o .200 (5.08) x .190 (4.83) 

20 .508 (12.90) A,8,c,o .340 (8.64) x .190 (4.83) 

28 .708 (17.98) A,8,c,o .350 (8.879) x .190 (4.83) 

Notes: 

C, 5 meet JEDEC registered outline TMS 013. 
Index mark may be a notch, dimple, or bevel located in zone identified on outline. 
Actual dimensions may vary depending on location of assembly but all dimensions meet limits shown in table. 
* Package may be provided in any of the indicated lead configurations dependent 

on location of assembly. 
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.140 (3.56) .------, 

t ~ MAX T I 
.080 (2.03) __l 

MIN I .020 (.51 I 

A. DETAIL SOJ 

.140(356) .------,~ 
MAX T I 

.080 (2.03) -::; 

MIN I 

B. DETAIL SOJ 

MIN 

020 (.51) 
MIN 

Note: Dimensions are in inches and (millimeters). 

Package Information 

.1041.641 Jf=J I 
MAX ____1_ 

L t _j l- .020 (.51) 
MIN 

C. DETAIL SOIC 

005 (.13) 
MIN 

,·[_j---'--, _.___, ___.L 1 

_j l- .020 (.5 1) .0051.13) 
MIN MIN 

D. DETAIL SOIC 

Figure 3b. Plastic Small-Outline Lead Configuration Packages 
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Package Information 

.. I 

T 
c 

1 
.025 (.635) 

_L+~ 
T-f 

.027 
(.686) 

.047 (1.19) 

_J L .020 (.508) 

L_ . . ~~~~~4~~1r- MTG 

/SPACEs A~ .100 (2.54) 

Note: Dimensions are in inches and (millimeters). 

Figure 4. Ceramic HIC Packages 

Table 6. Ceramic HIC Package Dimensions 

No. 
Leads A B c 

20 .610 (15.49) .995 (25.27) .545 (13.84) 

40 .610 (15.49) 1.995 (50.67) .545 (13.84) 

8-10 

A .. , 
T ~====:::=;t:T~ 
.317 .052 

(8.05) (1.32) 
_j_ 

~ .01~+~54) (31.~~) 

L - - .600 (15.24) ~J T 
!(CENTER LINE OF LEADSl 

IN MOUNTED POSITION) 



------- :;!_~ "'"!" 
t 

045 (1.14) 

~:::::~_J 
180~!.,,L~ lJ 
~· ·-r 

020(51) 1- .. I 090(229) 
"'._,____ ____ 610 (15 49) -----.... 

Notes: 

1 All meet JEDEC standards. 
2 Pin 1 index mark may be a dimple or numeric located in zone indicated. 
3 Dimensions are in inches and (millimeters). 

Figure 5. 44-Pin PLCC Package 

Package Information 
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LEAD 
INDEX 

1_52 
.075 ±.010 

(1.91) ± (.254) 

f 3:1 
---------- .800"±.006 ----------

(20.32) ± (.1524) 

B 
I .004 (.102) REF 

Note: Dimensions are in inches and (millimeters). 

Figure 6. 68-Pin PLCC Package 
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18 

.950± .01 
(24.13) ± (.254) 

34 

=1 I .075 ± .007 
(1.91) ± (.177) 

t 

i 
.110 (2.79) 

MAX 

t 



++---
0~---
00 

++---
-N 
22---

----------++ 
"'"' ----------00 

--++ 
"'"' --------- --

++-------------- ++ 
~~ om 
<'?<'?---- -----N-

"'U) 
C')<')---
00 
++---

00> ----N-
00 

----------++ 

BOTIOMVIEW 

Note: Dimensions are in inches and (millimeters). 

Package Information 

.970 (24.64) MAX ~170 (4.32) 
.170 (4.32) 140 (3 56) 
.140 (3.56) . . 

+-1 I j_r r l l ' ' JL _J L .035 (.89) TYP 
- I (BOTH SIDES) 

.210 (5.33) 
.300 (7.62) MAX 

900 (22.86) ____.,..j 

Figure 7. 70-Pin Ceramic PGA Package - Cavity Up 
(Facing Away From Printed Wiring Board) 
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Package Information 

PIN 1 IDENTIFIER 
0.045 (1.14) DIA. 
SURFACE SPOT 
POLISHED 

l'----~--+---.--11 

-1-:5-0-(2-9-.2-1)-~1-N--
1.158 (29.41) MAX 

1.185 (30.99) MIN 
1.195 (30.35) MAX __ __.,., 

0.001 (.025) MIN 
0.003 (.076) MAX 

0.022 1.185 (30.10) 
(.5588) MIN 

1.195 (30.35) 
MAX 

1.150 (29.21) 
MIN 

1.158 (29.41) 
MAX 

r 
DETAIL 8 

0.013 (.330) MIN 
0.021 (.533) MAX 

j_ 
- .__ t 1.090 (27.69) MIN 

} ' 1.135 (28.83) MAX 

0.050 (1.27) 
REF 

0.090 (2.29) MIN 
0.130 (3.30) MAX 

0.165 (4.19) MIN 
0.200 (5.08) MAX 

-e>oj~ 0005 ( 127) MAX 
0.005 (.127) REF 

0.025 (.635) MIN 
0.040 (1.02) MAX 

=ill 0 005 ( 127) MAX 

00~ ""'' "" \i /1J a·v_, 0013(330)MIN 
85 - 89' 

t --.,..J ~ 0.005 (.127) MAX 

Note: Dimensions are in inches and (millimeters). 

Figure 8. 84-Pin PLCC Package 
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141------- 1.78 (45.212) -------91 .255 
(6.477) 

.040 ~ (1.016) l_I I 

rt-1-w ~EATING PLANE J ~ y-1-1 
I ~I .018 (.457) _j' .163 

l+-DIATYP (4.138) 

ts"'""' @ '·"", ,.., '"'~• 

4 

7 

8 

.100 (2.540) 

PIN NUMBER A1 
INDICATOR 

1.90 TYP DIA (BRAZED PAD) 

+++--

++++ 
++++ 

RECESSED 
LIP 

++++ 
++++ 

----+ + '*' 
----+ + + 

++++ 
++++ 

++++ 
++++ 

10 + + + ------------+ + + 
11 '*' + +-- ----+ + '*' 

A B C U V W 
BOTIOMVIEW 

Note: Dimensions are in inches and (millimeters). 

Package Information 

1
... 1.16(29.464) ... 

1 

I I 

fl ll ll lf 
~~ (2.540) I (;;~ j' .I .I 

.600 (15.240) 

.900 (22.860) 

---- 1.00 (24.400) 

Figure 9. 100-Pin Ceramic PGA Package - Cavity Down (Facing Toward PWB) 
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Package Information 

(REFERENCE) 

,- ----.. 

rr:- ~ .338 (8.4) ± .019 (0.48) n 11.040 ~02) ± 005(013) 

L r A1 PIN POSITION 

i TI TI TI TI ~ TI TI TI TI TI TI i 
.300 I jLJ ~.100(2.54)± 
(7.62)..,, .010 (0.25) 

.600 (15.24) TYP. ALL 

----- .900 (22.86) 
i-a---- 1.20 (30.48) OVERALL REF. 

CIC OUTSIDE ROW TO OUTSIDE ROW 

Note: Dimensions are in inches and (millimeters). 

Figure 1 O. 133-Pin Ceramic PGA Package 
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