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[HJ D 

E108 
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VCK+ 

EWC 
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(VCK/6) 

(ERDL) 

DN -

UP -

Figure 3 ·Mode A Phase Detector Operation 

Mode B-Figure 4 shows the logic for mode B. When the phase of the loop is locked, a lost bit in 
the preamble data, indicating an error condition, could cause the loop to differ by one or more bits. 
A truncate function is provided so the phase detector can be reset by a signal from the counter/ 
divider after one-half cycle of the feedback signal. This function should not be used until frequency 
lock is established as it may extend time to frequency lock. 
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Figure 4 •Mode B Phase Detector Operation 
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Mode C-During a decoding (read) operation, the data input to the phased locked loop contains 
ones (pulses) and zeros (missing pulses). Figure 5 shows the logic circuit and signal timing for mode 
B. The leading edge of the encoded read data [ERDL] pulses are used by the phase detector to 
prevent missing pulses from being interpreted as late pulses. This is performed by allowing a phase 
comparison to take place on the trailing edge. 
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Figure 5 •Mode C Phase Detector Operation 
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Mode D-The operation of the phase detector during the encoding (write) operation is similar to 
the decoding (read) operation except that the encoded read data (ERD + /ERD-) signal is replaced 
with the decoded write clock (DWC) signal. Figure 6 shows the logic circuit and signal timing for 
mode D. Feedback to the phase detector is provided by a [VCK/3] signal from the counter/divider 
logic. 

[HJ D 

CLR 

UP-

DRC 

Figure 6 •Mode D Phase Detector Operation 
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Counter/Divider 
The counter/divider provides the timing and clock signals to control the operation of the DC024 
and feedback to the phase detector. The logic receives a differential input (VCK + and VCK-) from 
an external voltage controlled oscillator during normal modes of operation. The counter/divider 
provides divide-by-two [VCK/2], divide-by-three [VCK/3], and divide-by-six [VCK/6] clock pulse to 
the phase detector depending on the operating mode selected. During diagnostic mode, the 
internal VCK signal is used as the feedback clock to the phase detector and the external signals are 
inhibited. 

Encoder/Decoder 
The encoder/decoder logic implements the ~-rate modulation code and consists of a 4-bit fast 
serial shift register (Fast SR), a 4-bit slow serial shift register (Slow SR), a decode logic matrix, and 
an encode logic matrix. The encoded shift register (fast) is clocked by the clock [VCK/2] signal from 
the counter/divider and transfers the encoded data stream coming from or going to the disk 
interface. The decoded shift register (slow) is clocked by the [VCK/3] signal from the counter/ 
divider and transfers the decoded data stream coming from or going to the DC024. The decoding 
function and signal timing is shown in Figure 7. During this function, the serial data read from a 
disk is synchronized by the [VCK/2] clock pulses and serially loaded into the encoded shift register. 
Every three bits shifted into this register are decoded to two bits by the decoder matrix. The 
decoder matrix transfers the information in parallel to the decoded shift register. The data from 
this register is serially shifted to the DC024 logic functions. 
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Figure 7 • DC024 Decode Function and Signal Timing 
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The encoding operation and signal timing are shown in Figure 8. A serial data stream is transferred 
serially to the decoded shift register. Every two bits shifted into this register are encoded to three 
bits by the encode logic matrix. This information is then transferred in parallel to the encoded shift 
register that serially shifts the data to the disk interface. 

[LOAD HJ 

[VCK/2] 

DWDH 

LOAD 

I 

[VCK/2] 

[LOAD HJ 

VCK+ 

[DRC INT] ---i 

I 
SHIFT 

SHIFT 

I 

I 
SHIFT 

[EWDH] 

SHIFT LOAD SHIFT SHIFT 

I I I I 

I 
SHIFT SHIFT 

Figure 8 • DC024 Encode Function and Signal Timing 

I 

When the DIAG line is asserted, a special diagnostic function is enabled by connecting the encoded 
shift register in an end-around configuration as shown in Figure 9. This function may be used as an 
open-loop test of the DC024 by bypassing the VCO controlled phase-locked loop. By selecting the 
proper operating modes through AO and Al lines, two serial bits on the DWD input can be shiftf'.d 
into the decoded register, encoded through the encoded matrix, and loaded into the encoded shift 
register. The end-around connection reshifts the encoded write data into the encoded register 
which is then decoded through the decoded logic matrix. This information is then transferred in 
parallel to the decoded shift register that serially shifts the data to the DRD output. 
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Figure 9 • DC024 Diagnostic Mode Function 
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The timing for a typical diagnostic mode operation is shown in Figure 10. Table 4 contains the 
possible decoded write data input patterns and the expected decoded read data output patterns. 

VCK 

CLR 

A1 

AO 

DWD 

DRD 

DRC 

A1 A2 A3 

.., 

•x - UNDEFINED 

n 

A4 A5 .A6 A7 

Il I 
A1 A2 A3 A4 

~ ~ 

n n n n 

B1 B2 B3 B4 B5 B6 B7 

II J II l 
A5 a1 a2 a3 x· B1 B2 B3 

~ 

Figure 10 • DC024 Typical Diagnostic Mode Signal Timing 
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Table 4 • DC024 Typical Diagnostic Mode Decoded Data Patterns 

Write Data Input* Read Data Output 
Al A2 A3 A4 A5 A6 A7 al a2 a3 

0 1 1 1 0 0 x 1 1 0 

0 1 1 x 1 0 x 1 1 1 

x 0 1 0 1 0 x 1 1 1 

x 0 1 1 0 0 x 0 0 1 

x 0 1 1 0 1 0 0 0 1 

x 0 1 1 0 1 1 1 0 1 

x 0 1 1 1 0 x 0 1 0 

x 0 1 1 1 1 0 0 1 1 

x 0 1 1 1 1 1 1 1 1 

x x 0 0 0 0 x 0 0 0 

x x 0 0 0 1 0 0 0 0 

x x 0 0 0 1 1 1 0 0 

x x 0 0 1 0 x 1 0 0 

x x 0 1 0 0 x 0 0 1 

x x 0 1 0 1 0 0 0 1 

x x 0 1 0 1 1 1 0 1 

x x 0 1 1 0 x 0 1 0 

x x 0 1 1 1 0 0 1 1 

x x 0 1 1 1 1 1 1 1 

x x 1 0 0 0 x 1 1 0 

1X represents either a 1 or 0 state. 
2 Application of all input states listed will exercise 9 3 percent of the legal decode input sequences 
and 92 percent of the legal encode input sequences. 

Read and Write Signal Timing 
Figure 11 shows the timing relationship of the signals during read and write functions. During read 
operations, the encoded read data (ERD) from the head electronics of the storage device results in a 
decoded read clock (DRC) signal and the decoded read data (DRD) output. This output is normally 
transferred to a deserializer. During write operations, the decoded write data input from the 
serializer results in an encoded write clock (EWC) signal and the encoded write data (EWD + / 
EWD-) output to the storage device electronics. This output provides a nonreturn-to-zero signal to 
the head electronics of the storage device. 
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TRIPLET 

WRITE 1/0 TIMING 

Figure 11 • DC024 Read and Write Operation Timing 

Counter/Divider Functions 
The counter divider provides all the timing and clock signals, feedback to the phase detector and 
control for the encoding and decoding functions. The DC024 uses a ')13 -rate modulation code 
described in Table 2. 

Transition Detector 
During read/decode operation (Mode C), the encoded read data from the device is tranformed 
from a ·pulse format to a non-return-to-zero (NRZ) signal and synchronized with the voltage 
controlled oscillator feedback clock to allow loading and shifting into the encoded shift register. 
Figure 12 shows the logic and signal timing that performs this function. 
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Figure 12 • DC024 Transition Detector and Signal Timing 

DC024 

Flip-flop E104 changes state on the rising edge of the encoded read data [ERD PULSE] input from 
the multiplexer. This indicates that a logic one of the data read has been detected. Flip-flop E205 
synchronizes the data and, together with flip-flop E206 and the exclusive OR gate, provides the 
separation of the synchronized signal. To assure that transitions at E104 are recognized and 
clocked during the proper bit cell for correct decoding, the encoded read data and VCO clock input 
must be near a "phase-locked" condition. 

A read data capture window defines a period of time during which a high-to-low transition of the 
ERD signal can occur and be recognized in the proper bit cell and therefore become correctly 
decoded. The probability that the data transition will not be recognized in the proper bit cell 
increases as the phase lock between the data and the VCO signal is degraded. As the rising edge of 
the ERD- signal passes the right or left window boundaries, the transition of flip-flop E 104 will be 
recognized by E205 either a bit cell too late or a bit cell too early. Refer to Figure 15 and Table 7 for 
the the parameters associated with this window. Table 7 specifies the absolute limits for these 
paramenters to assures the correct decoding of encoded read data. 
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· Specifications 
The mechanical, electrical, and environmental characteristics and specifications for the DC024 are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for general information 
on integrated circuits. 

• Operating temperature (TA): 0°C to 70°C 

• Positive supply voltage (Vcd: 5.0 V ±5% 

• Negative supply voltage (VEE): -5.2 V 

• Relative humidity: 0 to 95% (noncondensing) 

• Storage temperature (T8): -65°C to 150°C 

Mechanical Configuration 
The physical dimensions of the DC024 28-pin DIP are contained in Appendix E. 

Absolute Maximum Ratings 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. These ratings are for stress conditions only and do not imply that the 
device will function properly at these ratings or ratings above those indicated. All voltages are 
specified with respect to ground. The device must survive any combination of voltages within the 
ratings indicated. The ECL input voltage must not be allowed to go more negative than VEE· 

• Power supply voltage (Vee): -0.3 V to 7.0 V 

• Power supply voltage (VEE): 0.3 V to -8.0 V 

• ECL input voltage (V;.): 0.3 V to VEE 

• TTL input voltage (V;.): -0.5 V to 7.0 V 

Recommended Operating Conditions 

• Power supply voltage (Vee): 4.75 V to 5.25 V 

• Power supply voltage (VEE): -5.46 V to -4.94 V 

• Positive power supply current (Ice): 213 mA (maximum) 

• Negative power supply current (IEE): -37 mA (maximum) 

• Linear air flow 500 feet/minute (minimum) 

de Electrical Characteristics 
The de electrical parameters of the DC024 for the operating voltage and temperature ranges 
specified are listed in Table 5. Refer to Figures 13 and 14 for the test circuit configurations 
referenced in the table. The conditions listed in Table 6 apply to the test circuits. 
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Table 5 • DC024 de Input and Output Parameters 

Parameter Symbol Test Requirements Unit Figure/Test 
Conditions' · 2 ·~ Min. Max. 

High-voltage Vm Vcc=5.25 V 2.0 5.25 v 13/A 
input level Inputs: DWC, DWD, VCK 

AO, Al, DIAG, CLR, 

Differential inputs: 
VEE=-4.92 v 
ERD-=-3.0V -2.8 0 v 
ERD+=OV -3.0 -0.2 v 
VCK-=-3 V -2.8 0 v 
VCK+ =OV -3.0 -0.2 v 

Low-level VIL Vcc=4.75 V 13/A 
input voltage Inputs: DWC, DWD, VCK, -0.1 0.8 v c 

AO, Al, DIAG, CLR 

Differential inputs: 
VEE=-5.46 v 
ERD-=OV -3.0 -0.2 v 
ERD+ =-3 V -2.8 0 v 
VCK-=OV -3.0 -0.2 v 
VCK+ =-3 V -2.8 0 v 

High-level Im Vcc=5.25 V 
input current V;n=2.75 V 

Inputs: DWC, DWD, VCK, 50 µA 13/A 
AO, Al, CLR 

Input: DIAG 150 µA 13/A 

Differential inputs: 14/E 
VEE=-5.46 v 
V;"=O V' 
ERD-=OV 0 60 µA 
ERD+ =-3 V 0 60 µA 
VCK-=OV 0 60 µA 
VCK+ =-3 V 0 60 µA 

Low-level I,L Vcc=5.25 V 
input current V;"=0.5 V2 

Inputs: DWC, DWD, VCK, 0 -500 µA 13/D 
AO, Al, CLR 

Input: DIAG 0 -1.5 mA 13/D 

Differential inputs: 14/E 
VEE=-5.20 v 
V;n=-3.0 V 
ERD-=OV -5.0 5.0 µA 
ERD+ =-3 V -5.0 5.0 µA 
VCK-=OV -5.0 5.0 µA 
VCK+ =-3 V -5.0 5.0 µA 
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Parameter Symbol Test Requirements Unit Figure/Test 
Conditions1•2•3 Min. Max. 

High-level VoH Vcc=4.75 V 
output voltage I."1 =-2.6 mA 

Outputs: EWC, DRD, DRC 2.4 v 13/B 

Differential outputs: 
VEE=-5.2 v 
UP+, UP-, DN+, DN-, 13/C 
EWD+,EWD-

0°C -1.0 -0.84 v 
25°C -0.96 -0.81 v 
70°C -0.905 -0.73 v 

Low-level VoL Vcc=4.75 V 
output voltage I."1 =8.0 mA 

Outputs: EWC, DRD, DRC 0 0.5 v 13/B 

Differential outputs: 
VEE=-5.2 v 
UP+, UP-, DN +, DN-, 13/C 
EWD+,EWD-

0°C -1.87 -1.665 v 
25°C -1.85 -1.65 v 
70°C -1.832 -1.63 v 

Short-circuit los Vcc=5.25 V' 
output current Output: EWC, DRD, DRC -15 -60 mA 13/B 

Positive power Ice Vcc=5.25 V4 213 mA 14/F 
supply current VEE=-5.46 v 
Negative power IEE VEE=-5.4 V5 -37 mA 14/G 
supply current Vcc=5.25 V 

Input clamp Vic Vcc=5.0 V 
diode voltage VEE=-5.2 v 

Ii.=-18 mA 
Inputs: DWC, DWD, VCK -1.5 V· 14/H 
AO, Al, CLR DIAG 

Input leakage 1. Vcc=5.25 V 
current VEE=-5.46 v 

Vi.=5.5 V 
Inputs: DWC, DWH, VCK, -0.05 1.0 mA 14/H 
AO, Al, CLR, DIAG 

1Voltages are specified with respect to ground. 
'Positive values of current flow into the device and negative values flow out of the device. 
'Not more than one output shall be short circuited to ground at a time and the duration of the short 
shall not exceed one second. 

4This test is performed with Vee at 5.2 V. 
5This test shall be performed with VEE at -4.2 V. 
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Figure 13 • DC024 de Test Circuits 
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Figure 14 • DC024 de Test Circuits 
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Table 6 • DC024 de Test Circuit Conditions 

Condition 

1. The Vrn and V 0L for the TTL inputs are determined by the test circuit logic. 

2. Refer to Table 5 for ECL input conditions. Vrn and V,L applied as indicated by 
the test sequence. 

3. Each input is tested separately. All other inputs must meet the test require­
ments at the voltage specified in Table 5 for v,L and Vrn. 

4. The ECL inputs are tested by differential pairs and the input voltages are 
applied to meet the Vrn and V oL specifications of Table 5. 

5. The test conditions are listed in Table 5. 

6. The input conditions are determined by the test sequence at any voltage 
within the range specified for Vm and VoL· 

7. The input conditions are indicated in Table 5. 

8. Each input is tested separately with the remaining TTL inputs connected to 
GND. 

9. Each differential input pair is tested separately. 

10. The TTL outputs are open. 

11. The power supply current must not exceed the limits specified in Table 5 for 
any combination of input logic levels. 

ac Electrical Characteristics 

DC024 

Figure/Circuit 
Reference 

13/A 

13/A 

13/A 

13/A,13/B,13C 
13/D,14E,14/F 
14/G 

13/B 

13/B,13/C 

13/D,14/E 

13/D,14/H 

14/E 

13/D,14/E,14/F 

14/F,14/G 

The input and output signal timing for the DC024 is shown in Figures 15 through 19. The 
propagation delays and conditions for the symbols on the timing diagrams are described in Tables 7 
and 8. Refer to Appendix D for the standard TTL input and output voltage waveform parameters 
used for measuring the signal propagation delays. Figure 20 shows the TTL and ECL output loading 
circuits used for measuring the ac parameters. The time measurements of TTL are at 1.5 V and the 
ECL measurements are from the voltage crossing of the differential signals. 

Table 7 • DC018 Read Data Capture Window ac Timing Parameters 

Symbol Definition Specification (ns)~' 
Min. Norn. Max. 

tvcr Voltage control pulse 25 

tEDM Early data window margin tvcP -2.0 tvcP - 3.0 

tLDM Late data window margin tvcp -2.5 tvcp - 3.0 

*Specifications are TA= 30°C, Vcc=5.0 V and VEE =-5.2 V 
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Table8 • DC024 ac Electrical Characteristics 

Symbol Description Requirements(ns) Figure/Mode 
Min. Max. 

tosv DWD setup to VCK + ( +) 18/D 

toHY DWD hold to VCK + ( +) 20 18/D 

tASY Al, AO setup to VCK + ( +) 10 18/A 

tAHY Al, AO hold to VCK+( +) 15 18/A 

tASV Al, AO setup to VCK( +) 10 18/A 

tAHY Al, AO hold to VCK( +) 15 18/A 

toso DWD setup to VCK( +) 5 19/DIAG-B 

tDHD DWD hold to VCK( +) 20 19/DIAG-B 

tcRY CLR release to VCK + ( +) 25 16/A 

tcRY CLR release to VCK( +) 25 16/A 

tcRH CLR release to ERD-( +) 25 16/A 

tcpw CLR pulse width high level 20 16/A 

tEPH ERD- pulse width high (Mode C) 1 45 17/A,B,C 

tEPL ERD- pulse width low' 20 17/A,B,C 

tvPH VCK + pulse width high 12 17/A,B,C 
17/D 

typ1 VCK + pulse width low 8 17/A,B,C 
17/D 

tVHD VCK pulse width high in diagnostic mode 18 19/DIAG-A 

tVLD VCK pulse width low diagnostic modein 18 19/DIAG-A 

towH DWC pulse width high 20 17/D 

to PL DWC pulse width low 20 17/D 

tDPR DWC period 75 17/D 

type VCK+/VCK- period 25 17/A,B,C,D 
17/D 

typo VCK period in diagnostic mode 40 19/DIAG-A 

tcoP CLR to DRC(-) propagation delay: 16/A 
C1= 15 pF 5 
C1=70 pF 32 

tcPD CLR to DRD(-) propagation delay: 16/A 
C1=15 pF 5 
C1=70 pF 33 
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Symbol Description Requirements(ns) Figure/Mode 
Min. Max. 

tCEP CLR to EWD + (-) propagation delay: 16/A 
CL= 15 pF 5 
CL=70pF 30 

tcnN CLR to DN-( +)propagation delay: 16/A 
CL= 15 pF 5 
CL=70pF 30 

tcuP CLR to UP-(+) propagation delay 16/A 
CL= 15 pF 5 
CL=70pF 30 

tEUP ERD-( +)to UP-(-) propagation delay: 17/A,B,C 
CL= 15 pF 5 
C1=70pF 25 

tnuP DWC(-) to -UP-(-) propagation delay: 17/D 
C1= 15 pF 5 
C1=70 pF 25 

tvnP VCK+ (+)to DN-(-) proagation delay: 17/A,B,C 
C1= 15 pF 5 17/D 
C1=70 pF 25 

tvrn VCK+ (+)to -TRUNC UP-(+) 17/B 
propagation delay: 

C1= 15 pF 5 
C1=70pF 35 

tvTD VCK+ (+)to TRUNC DN-( +) 17/B 
propagation delay: 

C1= 15 pF 5 
C1=70 pF 35 

tocu VCK + ( +) to DRC( +) propagation delay: 16/C 
C1 = 15 pF 9 
C1=70 pF 30 

tocn VCY: +(-)to DRC(-) propagation delay: 16/C 
C1= 15 pF 5 
C1=70pF 25 

tnpu VCK +(-)to DRD( +)propagation delay: 16/C 
C1= 15 pF 5 
C1= 70 pF 30 

toPD VCK +(-)to DRD(-) propagation delay: 16/C 
C1= 15 pF 5 
C1=70 pF 32 

tEDU VCK+(+) to EWD+(+) propagation 
delay 5 25 16/D 
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Symbol Description Requirements(ns) Figure/Mode 
Min. Max. 

tEDD VCK+(+) to EWD+(-) propagation 
delay 5 25 16/D 

tvcR VCK( +) to DRC( +) propagation delay 19/DIAG-A 
in diagnostic mode: 

C1= 15 pF 5 
C1=70pF 35 

tvcF VCK(-) to DRC(-) propagation delay 19/DIAG-A 
in diagnostic mode: 

C1=15 pF 5 
C1=70pF 30 

tvnR VCK(-) to DRD( +)propagation delay 19/DIAG-A 
in diagnostic mode: 

C1= 15 pF 5 
C1=70 pF 33 

tvnF VCK(-) to DN-(-) propagation delay 19/DIAG-A 
in diagnostic mode: 

C1= 15 pF 5 
C1=70 pF 33 

tVDN VCK( +)to DN-(-) propagation delay 19/DIAG-A 
in diagnostic mode: 

C1= 15 pF 5 
C1=70pF 30 

tvru VCK( +) to TRUNC UP-(+) propagation 
delay: 17/B 

C1= 15 pF 5 
C1=70pF 40 

tvm VCK( +) to TRUNC DN-( +) propagation 
delay: 17/B 

C1= 15 pF 5 
C1=70pF 40 

tu PL UP- pulse width low 5 25 17/D 

toNL DN- pulse width low 5 25 17/A,B,C 

toN1-tuPL UP- pulse to DN- pulse skew -2.5 2.5 

tocu-tncn VCK +(-)to DRC(-) to VCK + ( +) 
to DRC( +)skew: 

C1= 15 pF -5 12 
C1= 70 pF -5 10 
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Symbol Description Requirements(ns) Figure/Mode 
Min. Max. 

tnpu-tncn VCK+(-) to DRC(-) to VCK+(-) 
to DRD( +) skew: 

C1 = 15 pF -5 12 
C1 =70pF -5 12 

tnPD-tncn VCK + (+)to DRC(-) to VCK + (-) 
to DRD(-) skew: 

C1 = 15 pF -5 12 
C1 =70pF -5 12 

tEDD-tEDU VCK + ( +) to EWD + ( +) to VCK + ( +) -1 1 

tECD VCK.+ (+)to EWC(-) propagation delay: 18/A,B,C,D 
C1 = 15 pF 5 
C1 =70pF 27 

tECU VCK + ( +) to EWC( +) propagation delay: 18/A,B,C,D 
C1 = 15 pF 5 
C1 = 70 pF 25 

tern CLR to EWC( +) propagation delay: 19/A,B,C,D 
C1 = 15 pF 5 
C1 =70 pF 26 

tcup-tcnN CLR to DN-( +)to CLR to UP-(+) skew -2 +2 

1 Optimum ERD + /ERD- pulse width is tvc• + 3 .5 ns with nominal V cei V m TA. 
'UP+, UP-, DN +, DN- must drive matched loads of 15 pF to 70 pF. 
'EWD+ and EWD- must drive matched loads of 15 pF to 70 pF. 

VCK+ 

ERO-

UP-

DN-

Figure 15 • DC024 Read Data Capture Window Signal Timing 
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Figure 17 • DC024 Signal Timing B 
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Figure 18 • DC024 Signal Timing C 
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·Features 

• Implements error correction code (ECC) 

• Accepts up to 10,060 bits of data in a 10-bit parallel form 

• Corrects any number of errors contained in up to 
any eight of the 10-bit symbols in the data field 

·----------------------
• Generates 170-bits of ECC information from parallel forms 

• Compares 170-bits of calculated ECC with 170-bits of read ECC 

· Description 

The DC309 Reed Solomon generator is contained in a 28-pin dual-inline package (DIP) and is a 
dynamic nMOS LSI chip that implements a Reed Solomon error correction code (ECC). The 
DC309 accepts up to 10,060 bits of of ECC information in 10-bit parallel form. It contains the logic 
to compare 170-bits of calculated ECC information with 170-bits of read ECC information. This is 
performed by generating in 10-bit parallel form the exclusive-OR result of the calculated ECC and 
read ECC. This result permits external correction of invalid data. The algorithm is capable of 
correcting any number of errors contained in up to any eight of the 10-bit symbols in the data field. 
Figure 1 is a block diagram of the DC309. 

FEEDBACK 
AND GATES 

FBE -----!--~ 

INPUT 
ENABLE 

FEEDBACK 
ENABLE 

>-CLOCK 

Figure 1 • DC309 Block Diagram 
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· Pin and Signal Description 

This section provides a brief description of the input and output signals and power and ground 
connections of the DC309 28-pin DIP. The pin assignments are identified in Figure 2 and 
summarized in Table 1. 

004 vee 
014 002 

ERR 012 

016 010 

006 000 

008 INE 

018 FBE 

CLK 001 

Voo 011 

019 003 

009 013 

007 CLR 

017 005 

Vss 015 

Figure 2 • DC309 Pin Assignments 
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Table 1 · DC309 Pin and Signal Summary 

Pin Symbol Input/Output Definition/Function 

10,7,13, DI<9:0> input Data in < 9:0 >-Data input lines that receive the 
4,15,2,18 data input in 10-bit parallel form. 
26,20,25 

11,6,12, D0<9:0> output Data out < 9:0 >-Data output lines that transfer 
5,16,1, 170 bits of 10-bit parallel (10 by 17) ECC following 
19,27,21 the calculation from input data and where 170 bits 
24 of 10-bit parallel (10 by 17) residue are transferred 

for correction. 

22 FBE input Feedback enable-Asserted when ECC is being 
calculated and negated when ECC is being trans-
ferred or compared. 

23 INE input Input enable-Asserted when data is received for 
ECC calculation and when the ECC is received to 
generate the output residue. This signal is negated 
when the DC309 transfers the ECC out. 

17 CLR input Clear-Asserted for a full clock time to initialize the 
DC309 before starting any ECC process. 

8 CLK input Clock-The main timing signal that controls the 
DC309 operations. During normal operation, the 
input signals are latched and the outputs signals are 
available on the falling edge of clock signal. Timing 
variations can be implemented provided the switch-
ing times as specified are valid. 

3 ERR output Error out-A statically stored signal that is negated 
by the clear input for initialization purposes and 
asserted when the residue is found to be nonzero. 
The latch is enabled when the FBE signal is negated 
and the INE signal is asserted. 

28 Vee input Voltage-Power supply 5 Vdc 

9 Voo input Voltage-Power supply 12 V de 

14 Vss input Ground-Ground reference 
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Functional Operation 
The DC309 contains 17 10-bit register stages, an alpha generator and feedback logic, an error 
detector latch, and a clock generator. The register stages and error detector are cleared by the clear 
signal. A two-phase clock output from the clock generator is distributed to each of the registers. 

To generate the ECC, 10 bits of parallel data on lines DI< 9:0 > are entered through the input AND 
gates when enabled by the input enable (INE) signal. The parallel data from the input gates is 
transferred through the feedback gate to the alpha generator when enabled by the feedback enable 
(FBE) signal. The alpha generator produces eight 10-bit alpha-terms. Each bit of the alpha-term is 
composed of an exclusive-OR gated combination of from three to seven input bits and is OR gated 
with the register outputs. The results are clocked into the next register stage. This process 
continues until all data words are entered. The ECC is then stored at the outputs of the 17 register 
stages. The INE and FBE signals to the error detector latch are negated to shift out the 17-word 
ECC register data. 

To compare the internally generated ECC with an external ECC, the INE signal is asserted and the 
FBE signal is negated. The internally generated ECC is shifted through the register stages and 
exclusive-OR gated with the input ECC. The resulting comparison data is transferred on the data 
out lines DO< 9:0 > and to the error detector. The error detector output (ERR) is asserted when 
the input ECC does not equal the internally generated ECC. 

Table 2 lists the logic levels required to select the DC309 functions. 

Table 2 • DC309 Logic Function Selection 

Interface Signals* 
Function DI<9:0> 00<9:0> FBE INE CLR ERR 

Clear x L x x L H 

Calculate ECC M x H H H H 

OutputECC x M L L H H 

Output remainder M M L H H M 

*H =High logic level, L =Low logic level, X =High or low, M =Meaningful data. 

• Specifications 

The mechanical, electrical, and environmental characteristics and specifications for the DC309 are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for the general 
specifications for integrated circuits. 

• Operating temperature (TA): 0°C to 75°C 

• Power supply voltage Nee): 5.0 V ±5% 

• Power supply voltage (V DD): 12.0 V ± 5 % 
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Mechanical Configuration 
The physical dimensions of the DC309 28-pin DIP are contained in Appendix E. 

Absolute Maximum Ratings 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. Functional operation of the device at these or other conditions greater 
than indicated is not implied. 

• Power supply voltage (Vee): 7.0 V 

• Power supply voltage (V 00): 14 V 

• All other pin voltages (V1): -1.0 V to 10 V 

• Operating temperature (TA): 0°C to 70°C 

• Storage temperature (TsTG): -65°C to 150°C 

• Relative humidity: 10% to 95% (noncondensing) 

Recommended Operating Conditions 

• Power supply voltage (V cc): 5 V ± 5 % 

• Power supply voltage (V00): -5.46 V to -4.94 V 

• Supply current (Ice): 75 mA (maximum) 

• Supply current (100): 30 mA (maximum) 

• Operating temperature (TA): 0°C to 75°C 

de Electrical Characteristics 
The de electrical parameters of the DC309 for the operating voltage and temperature ranges 
specified are listed in Table 3. Refer to Appendix C for the test circuit configurations referenced in 
Table 3. 
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Table 3 • DC309 de Input and Output Parameters 

Parameter Symbol Test Condition Requirements Units Test 
Min. Max. Circuit 

High-level Vrn 2.0 v Cl 
input voltage 

Low-level VIL 0.8 v Cl 
input voltage 

High-level VoH Vcc=4.75 V 2.4 v Cl 
output voltage 10 =-50 A 

Low-Input VOL Vcc=4.75 V 0.45 v C2 
output voltage I0 =2mA 

High-level Im Vcc=5.25 V -10 10 µA C4 
input current V1=5.25 V 

Low-level 111 V1=0.8V -10 10 µA C5 
input current Vcc=5.25 V 

Short-circuit Ios Vcc=5.25 V -25 -65 mA C6 
output current 

Supply current Ice Vcc=5.25 V 75 mA C7 

loo Voo= 12.6 V 30 mA C7 

ac Electrical Characteristics 
Table 4 lists ac timing parameters for the input and outputs signals shown in Figures 3 and 4. Figure 
3 shows the setup and hold timing sequence and Figure 4 defines the propagation delays for the 
input and signals. The symbols referenced in the figures and tables are defined in Table 4. The 
output load circuit used for the ac measurements is shown in Figure 5. Refer to Appendix D for the 
input and output voltage waveform parameters used for measuring the signal propagation delays. 
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Tuble 4 • DC309 ac Signal Timing Parameters 

Symbol Definition* Requirements (ns) 
Min. Max. 

tcvc. Clock cycle time 375 100,000 

tcLH Clock high time 75 

tcu Clock low time 75 

tis Input enable setup time 30 

tps Feedback enable setup time 40 

tns Data input setup time 45 

tcs Clear setup time 115 

trn I~put enable hold time 25 

tFH Feedback enable hold 35 

tnH Data input hold time 50 

tcH Clear hold time 25 

tPCLDO Clock to output data 30 200 
propagation ~elay 

tpmo Input enable to output 125 
data propagation delay 

tPDIDO Data input to output 80 
data propagation delay 

tcLE Clock to error 160 
propagation delay 

tPCE Clear to error 160 
propagation delay 

*All time measurements shall be made from the 1.5 V level of the appropriate signals. Input rise 
and fall times shall be 15 ns maximum measured at the 10% and 90% levels. Valid output data 
prior to low-going transition must remain valid for a minimum of 30 ns after the clock transition. 

TEST 
POINT vcc 

FROM 
i 2K 

OUTPUT 

ALL DIODES 

I15pF 
IN916 OR 
IN3064 

= 

Figure 5 • DC309 ac Load Circuit 
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·Typical Application 

Figure 6 shows a typical application of the DC309. During a media write sequence, data is read 
from main memory, an ECC is calculated, and the data and ECC are written into the serial memory. 
During the following read-back data sequence, the data and ECC are read from the serial memory, 
and an ECC is again calculated from the data read. If the ECC that accompanies the data read is 
different from the calculated ECC, an error condition is indicated. 

PROCESSOR 

MAIN 
MEMORY 

DC018 
SERIALIZER/ 
DESERIALIZER 

DC309 

SERIAL 
MEMORY 
MEDIA 

ERROR OUT 
(ERR) 

Figure 6 • DC309 Typical ECC Application Block Diagram 

Figure 7 shows the timing sequence for clearing the DC309, for calculating the ECC, and for 
transferring the ECC output information during a write operation. Figure 8 shows the timing 
sequence for clearing the DC309, for calculating the ECC, and for transferring the ECC output 
information during a read operation. 
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Figure 8 • Typical Write Operation Signal Timing 

DC309 

ECC ECC ECC 
15 16 17 

During a media write sequence, 16 bits of parallel data read from main memory are transferred to 
the serializer. The data from memory can be transferred in blocks consisting of up to 10,060-bits. 
The serializer converts the parallel data to serial data and transfers it to the serial memory. The 
parallel data is also converted into 10-bit parallel symbol form and transferred to the DC309. The 
DC309 generates an ECC from the data received and transfers the ECC to the serializer where it is 
transferred to the media. 

During a read-back operation following the write operation, the serial data and ECC from the 
media are read and transferred to the deserializer. The data read is changed into a 10-bit parallel 
symbol form and transferred with the ECC to the DC309. After all the data is read, if the data is the 
same as previously written, the 170 bits of ECC will be the same. The DC309 generates the 
exclusive-OR function of the 170 bits of read-back ECC and the 170 bits of recently calculated ECC 
and the results (residue) are transferred to the main memory. 

The DC309 checks the 170 bits of residue 10 bits at a time for all zero content. If the residue is all 
zeros, the read-back ECC is equal to the calculated ECC and no data errors are indicated. If the 
residue is not all zeros, the read-back ECC was not equal to the calculated ECC and the 170-bits of 
nonzero residue allow external mathematical calculations to correct any errors contained in any 8 of 
the 10-bit data symbols. A resulting error indication is transferred to main memory where it can be 
used to correct certain types of errors if required. 

5-60 For Internal Use Only 



· Section 6-General Purpose Devices 

The general purpose devices facilitate the development of processor interfaces for the control and 
transfer of information from processors to memory and other devices. 

DC022 16- Word by 4-Bit Register File-The DC022 is a 28-pin DIP device that provides two 
independent read/write ports to allow simultaneous asynchronous access to a register file from 
either port. 

DC102 Eight Channel Equals Checker-The DC102 is a 20-pin DIP that provides eight dual-input 
channels used to compare data in pairs for equality. 

DC301 Dual Baud Rate Generator-The DC301 is an 18-pin DIP that provides program selectable 
baud rates (50 to 38,400) and separate transmit and receive frequency outputs to control the 
transfer of serial-line information. 
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·Features 

• Two independent read/write ports 

Simultaneous asynchronous access to file register 

• lOk series, ECL compatible input/output port capable of driving 150-loads 

• TTL input/output port capable of sinking 20 mA in a low state 

• ECL and TTL address decoder and bidirectional data buffer 

· Description 

The DC022 register file, contained in a 28-pin dual-inline package (DIP), provides storage for up to 
16 4-bit words and two independent read/write ports that allow simultaneous asynchronous access 
to the register file information from either port. Figure 1 is a simplified block diagram of the 
DC022. 

DO·T D1·T D2·T D3·T 
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WREN T 

SELO SELO 

AO·E BIT 2 AO·T 
SEL1 SEL1 

16x4 
--< 

m SEL2 ARRAY LATCH SEL2 
;:! () 

AH r )> A1·T 
)> 

SEL3 SEL3 
0 

0 0 
0 :IJ 
:IJ m 
m "' "' "' "' g 

A2·E ~ • • • () A2 T 
() • 0 
0 • g g • • :IJ 
:IJ 

• • A3·E A3·T 
SEL 15 SEL15 

WRENE 

RDEN·E 

DO·E DH D2 E D3E 

Figure 1 • DC022 Simplified Block Diagram 
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Parallel data is transferred to and from the file through four sets of bidirectional data lines, one set 
for each port. Each port receives address inputs and read and write enable lines. One port has ECL 
lOk series macrocell arrays (MCA) compatible inputs and data outputs capable of driving 25 µA 
loads. The remaining port has TTL compatible inputs and outputs and is capable of sinking 20 
milliamperes in the low state. A location in the file can be written from either port by specifying the 
address on the address inputs, negating the read enable input, transferring the data to the input/ 
output lines, and asserting the write enable input. A location from the file is read from either port 
by specifying the address at the address inputs and by asserting the read enable input while the 
write enable input is negated. 

· Pin and Signal Description 

This section provides a brief description of the input and output signals and power and ground 
connections of the DC022 28-pin DIP. The pin assignments are identified in Figure 2 and 
summarized in Table 1. 

D2-T GND 

D3-T D1-T 

AO-T DO-T 

A1-T RDEN-T 

A2-T WREN-T 

Vee 

GND A3-E 

VEE A2-E 

WREN-E A1-E 

RDEN-D AO-E 

VEE DO-E 

GND GND 

D3-E D1-E 

GND D2-E 

Figure 2 • DC022 Pin Assignments 
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Table 1 • DC022 Pin and Signal Summary 

Pin Signal Input/Output Definition/Function 

22-19 A<3:0>-E inputs' ECLaddressbits <3:0>-Bits3throughOoftheECL 
port address. 

9 WREN-E input' ECL write enable-When asserted, data from the ECL 
data lines < 3 :0 > is written into the register file 
location specified by the ECL address bits < 3 :0 >. 
When negated, the location retains the data present. 

10 RDEN-E input' ECL read enable-The contents of the register file 
location specified by ECL address lines < 3 :0 > is 
transferred to the ECL data lines < 3 :0 >. 

13-18 D < 3:0 > -E inputs1/outputs2 ECL data lines < 3 :0 >-Bidirectional lines 3 through 
0 of the ECL port data with the emitter follower drivers 
enabled by RDEN-E signal. 

6-3 A< 3 :0 > -T input' TTL address bit < 3 :0 >-Bits 3 through 0 of the TTL 
port address. 

·~~~~~~~~~~~~~~~ 

24 WREN-T input' TTL write enable-When asserted, data on the TTL 
data inputs< 3 :0 > is written to the register file loca­
tion specified by the TTL address bits<3:0>. When 
negated, the location retains the data present. 

25 RDEN-T input' TTL read enable-The contents of the register file 
location specified by the TTL address lines< 3:0 > is 
transferred to TTL data lines< 3 :0 > through the three­
state drivers. 

2 ,1, D < 3: 0 > -T inputs'/ ou tpu ts4 TTL data lines < 3: 0 > - Bidirectional lines 3 through 0 
27,26 of the TTL data port with three-state drivers enabled by 

RDEN-T signal. 

23 input6' 7 

8,11 input6 ' 7 

7,14,28 GND input"1 

1ECL levels 
'Emitter follower drivers 
'TTL levels 
4Three-state 

Voltage-Power supply voltage to TTL input and out­
put buffers. 

Voltage-Power supply voltage to the array latch, ECL 
output buffers, and associated internal logic .. 

Ground-Ground reference 

'Pins 7, 12, 14, 17, and 28 connect to network ground (GND). 
6Pins 8 and 11 connect to VEE> Pin 23 connects to V cc· 
1The power and ground pins must be connected externally to the specified power and ground plane. 
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·Operation 

The DC022 consists of an ECL and TTL address decoder, an ECL and TTL bidirectional data 
buffer, and a 16 word by 4-bit array latch. The TTL bidirectional buffer transfers data between the 
thi:ee-state data bus and the array latch. When the read enable RDEN:T signal is asserted, the data 
from the array latch is transferred to the thi:ee-state TTL data lines D < 3 :0 > -T. When the read 
enable signal is negated, the thi:ee-state output buffers are in a high impedance state. The ECL 
bidirectional data buffer transfers data between the 25 µA emitter OR gate type data bus and the 
array latch. When the read enable RDEN-E line is asserted, data from the array latch is transferred 
to the ECL data lines D < 3:0 >-E. When the read enable signal is negated, the ECL data lines are a 
high-impedance state. The TTL address decoder decodes the four TTL address bits A< 3:0 >-T to 
select one of the 16 4-bit words in the address latch for a read or write transaction. The 16 words are 
accessed through the 16 TTL address decoder and 16 ECL address decoder select lines. The TTL or 
ECL input data from the bidirectional data buffer is written into the location selected by the TTL or 
ECL address bits when the write enable (WREN-Tor WREN-E) lines are asserted. Data is read 
from the array latch and transferred to the TTL or ECL bidirectional data buff er by selecting the 
proper word through the appropriate TTL or ECL address bits. The dual select lines, data paths, 
and read/write controls allow simultaneous and independent operation of the TTL and ECL ports 
for any combination of read/write transactions. Simultaneous write operations from the two ports 
to the same word location, however, will result in undefined logic states for the addressed word. 
Simultaneous read and write operations to the same location will cause the data read to be the same 
as the data written. 

· Specifications 

The mechanical, electrical, and environmental characteristics and specifications for the DC022 are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for the general 
specifications for integrated circuits. 

• Operating temperature (TA): 0°C to 75°C 

• Supplyvoltage(Vee):5.0V ±5% 

• Relative humidity: 0 to 95% (noncondensing). 

Mechanical Configuration 
The physical dimensions of the DC022 28-pin DIP are contained in Appendix E. 

Absolute Maximum Ratings 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. 

• Positive supply voltage (Vee): -0.3 V to 7.0 V 

• Negative supply voltage (VEE): -8.0 V to 0.3 V 

• ECL input voltage (V,"): 0.3 V to VEE 

• TTL input voltage (V,"):-0.5 V to 7.0 V 

• Relative humidity: 10% to 95% (noncondensing) 
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Recommended Operating ~onditions 

• Supply voltage (Veel: 4.75 V to 5.25 V (VEE): -5.46 V to -4.94 V 

• Supply current (lee): 425 mA (maximum) 

• Operating temperature (TA): 0°C to 75°C 

• Linear air flow 500 feet/minute (minimum) 

de Electrical Characteristics 
The de electrical parameters of the DC022 for the operating voltage and temperature ranges 
specified are listed in Table 2. Refer to Figures 3 and 4 for the test circuit configurations referenced 
in the Table 2. Table 3 lists the conditions that apply to the test circuits. 

Table 2 • DC022 de Electrical Characteristics 

Parameter Symbol Test Requirements Units Figure/Test 
Conditions1" Min. Max. 

High-level Vrn D<3:0>-T 2.0 5.25 v 3/A 
input voltage A<3:0>-T 

WREN-T 
RDEN-T 
D<3:0>-E 3/A 
A<3:0>-E 
WREN-E 
RDEN-E 
0°C -1.145 -0.740 v 
25°C -1.105 -0.710 v 
75°C -1.405 -0.62 v 

Low-level V11 D<3:0>-T -0.1' 0.8 v 3/A 
input voltage A<3:0>-T 

WREN-T 
RDEN-T 
D<3:0>-E 3/A 
A<3:0>-E 
WREN-E 
RDEN-E 3/A 
0°C -2.5 -1.49 v 
25°C -2.5 -1.475 v 
75°C -2.5 -1.45 v 
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Parameter Symbol Test Requirements Units Figure/Test 
Conditions'" Min. Max. 

High-level Irn D<3:0>-T 0 100 µA 3/B 
input current V,0 =2.7 V 

A<3:0>-T 0 20 µA 3/B 
WREN-T 
v,n=2.7 v 

RDEN-T 0 50 µA 3/B 
v,n=2.7 v 

D<3:0>-E 0 300 µA 3/C 
V,.= Vrn max 

A<3:0>-E 0 200 µA 3/C 
WREN-E 
RDEN-E 
V,.= Vrn max 

Low-level I,L D<3:0>-T -500 0 µA 3/B 
input current A<3:0>-T -400 0 µA 3/B 

WREN-T 
v,.=0.5 v 

RDEN-T -200 0 µA 3/B 
v,.=0.5 v 

D<3:0>-E -800 20 µA 3/C 
v,.=-2.0 

A<3:0>-E 0 20 µA 3/C 
WREN-E 
RDEN-T 
v,.=-2.0 v 

Input clamp V,c D<3:0>-T -1.2 0 v 3/D 
voltage A<3:0>-T 

WREN-T 
RDEN-T 
I,.=-18 mA' 

Input current IIM D<3:0>-T 0 300 µA 3/B 
at maximum V,.=7.0V 
input voltage A<3:0>-T 0 100 µA 3/B 

WREN-T 
RDEN-T 
v,.=7.o v 
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Parameter Symbol Test Requirements Units Figure/Test 
Conditions"' Min. Max. 

High-level VoH D<3:0>-T 2.4 v 3/A 
output I. .. = -2.6 mA 
voltage D<3:0>-E 3/A 

I0 ",=40 mA 
I0 .,=50 mA 
0°C -1.0 -0.84 v 
25°C -0.96 -0.81 v 
75°C -0.9 -0.72 v 

Low-level VOL D<3:0>-T 0 0.5 v 3/A 
output voltage I0.,=-20.0 mA 

Low-level IOL D<3:0>-E -800 20 µA 3/A 
output voltage vo.,=-2.0 v 

Short circuit Ios D<3:0>T4 -40 -100 mA 4/E 
output current 

Positive power Ice 0 45 mA 4/F 
supply current 

Negative power IEE -400 0 mA 4/F 
supply current 

1All inputs must be at the voltage levels specified to achieve the desired logic state. Open inputs will 
result in undefined logic states being propagated through the device. All voltages are specified 
with respect to network ground. 

20n a transient basis, V1L (min.) for TTL inputs is considered to have a value equal to the input 
clamp voltage (V1c) as measured for the device under test. The device must meet functional 
requirements when any combination of inputs is subjected to a V1c transient of up to 100 
nanoseconds. 

'The duration of the specified input current (I;.) on a TTL input for the input clamp voltage (V1c) 
test must not exceed 1.0 milliseconds. 

•All TTL outputs must meet all de and ac characteristics after the application of ground for 1.0 
seconds. Only one output may be shorted to ground at a time. 

5The definitions of input and output voltag~ and current parameters apply to both TTL and ECL 
inputs and outputs unless stated otherwise. 
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Table 3 • DC022 de Test Circuit Conditions 

Figure/Test Condition 

3/A,3/B 
3/C,3/D 

3/B 

3/C 

3/D 

4/E 

4/F 

6-8 

Each input is tested separately. The test requirement must be met with other inputs at 
any voltage within the range specified and for any voltage within the range specified 
for v,L or Vrn. 

To test D<3:0>-T, RDEN-T must be driven by a high-level voltage and the input 
currents specified must be met over the range of Vrn specified for RDEN-T. 

To test D<3:0>-E, RDEN-E must be driven by a high-level voltage and the input 
currents specified must be met over the range of Vrn specified for RDEN-E. 

To test D<3:0>-T, RDEN-T must be driven by a high-level voltage and the input 
currents specified must be met over the range of Vrn specified for RDEN-T. 

To test D < 3:0 > -T, RDEN-T must be driven by a low-level voltage. The short circuit 
currents (105) specified must be met over the range of Vrn specified for RDEN-T. 

1. The power supply currents may not exceed the limits specified for any combination 
of input logic levels. 

2. The total power dissipation will increase when the outputs are connected to loads. 
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Vee VEE 

00-T 00-E 
01-T 01-E 
02-T 02-E 
03-T 03-E 

V1H.V1L AO-T AO-E 
A1-T A1-E 
A2-T A2-E 
A3-T A3-E 

WREN-T 

V1H- ROEN-T 

V1H- WREN-E OC022 

V1L- ROEN-E 
GNO 

-= 
CIRCUIT A 

Vee 
1E 1 

00-T 
01-T 
02-T 
03-T 

iiL.hH. hM AO-T 
A1-T 
A2-T 
A3-T 
WREN-T 
Rl5EN-T OC022 

GNO 

1 
CIRCUIT C 

DC022 

Vee VEE 

l l 
} VoH.VoL, loL 

00-E 
01-E 
02-E 
03-E 

~:~ ]VoHVoL 
03-T 

V1H, V1L 

V1H.V1L AO-E 
A1-E 
A2-E 
A3-E 

AO-T} A1-T 
A2-T V1H V1L 

A3-T 

WREN-E 

V1H- ROEN-E 

V1H- WREN-E OC022 

V1L- ROEN-T 

Figure 3 • DC022 Test Circuits 
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GNO 

T 
CIRCUIT B 

Vee VEE 

00-E 
01-E 
02-E 
03-E 

AO-E 
A1-E 
A2-E 
A3-E 
Wi'iEN-E 
ROEN-E OC022 

GNO 

-= 
CIRCUIT 0 
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REFER TO 
TABLE 3 
NOTE 1 FOR 
TEST CURCUIT 
G INPUTS 

Vee 

DO-T 
Dl-T 
D2-T 
D3-T 

AO-T 
Al-T 
A2-T 
A3-T 
WREN-T 
RDEN-T DC022 

GND 

-= 
CIRCUIT E 

Vee VEE 

J+lee l+IEE 

AO-T DO-T 
A1-T D1-T 
A2-T D2-T 
A3-T D3-T 

AO-E DO-E 
A1-E D1-E 
A2-E D2-E 
A3-E D3-E 

WREN-T 
RDEN-T 
WREN-E DC022 
RDEN-E 

GND 

1 
-= 

CIRCUIT G 

OPEN 

Figure 4 • DC022 Test Circuits 

ac Electrical Characteristics 

Vee 

V1L RDEN-T 

GND 

-= 

DO-T 
Dl-T 
D2-T 
D3-T 

DC022 

CIRCUIT F 

DC022 

las -l 

Table 4 lists ac timing parameters for the input and outputs signals shown in Figures 5 through 9. 
The symbols referenced in the figures and tables are defined in Table 5. The TTL and ECL output 
load circuits used to measure the ac signal parameters are shown in Figure 10. Refer to Appendix D 
for the input and output voltage waveform parameters used for measuring the signal propagation 
delays. 
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Symbol 

DC022 

Table 4 • DC022 ac Parameter Definitions 

Name/Definition" 

Address access time-The time between the specified references on the address input 
and data output voltage waveforms with the output changing from one defined level 
(high or low) to the other defined level. (Read enable is asserted and write enable is 
negated.) 

Data access time-The time between the specified references on the data input 
voltage waveforms of one port and the data output voltage waveforms of the other port 
with the output changing from one defined level (high or low) to the other defined 
level. The first mentioned port is set up to write the array latch. (Write enable is 
asserted and read enable is negated.) The second port is set up to read the array latch 
(read enable is asserted and write enable is negated), and both ports are set up to access 
the same location in the array latch. 

Write access time-The time between the specified reference points on the write 
enable input voltage waveform of one port and the data output voltage waveforms of 
the other port with the output changing from one defined level (high or low) to the 
other defined level. The first mentioned port is set up to write the array latch (read 
enable is negated and write enable is in the process of being asserted). The second port 
is set up to read the array latch (read enable is asserted and write enable is negated), and 
both ports are set up to access the same location in the array latch. 

Output enable time-The propagation delay time between the specified reference 
points on the read enable input and the data output voltage waveforms with the output 
changing from the high-impedance (off) state to either of the defined active levels 
(high or low). For the three-state TTL outputs, both the high and low levels are active. 
For the open-emitter ECL outputs, only the high level is active. 

Output disable time-The propagation delay time between the specified reference 
points on the read enable input and the data output voltage waveforms with the output 
changing from either of the active levels (high or low) to the high-impedance (off) 
state. for the three-state TTL outputs, both the high and low levels are active. For the 
open-emitter ECL outputs, only the high level is active. 

Address setup time-The time interval between the specified reference points on the 
address input and write enable input waveforms that defines the earliest point in time 
that the address inputs must assume stable logic states with respect to the write enable 
input pulse. The logic levels at the address inputs must remain stable between the 
points in time defined by the address setup and hold times to ensure proper transfer of 
logic levels at the data inputs into the array location specified by the address without 
affecting any other location in the array. 

Address hold time-The time interval between the specified reference points on the 
write enable input and address input waveforms that defines the latest point in time 
that the address inputs must maintain stable logic states with respect to the write 
enable input pulse. The logic levels at the address inputs must remain stable between 
the points in time defined by the address setup and hold times to ensure proper 
transfer of logic levels at the data inputs into the array location specified by the address 
without affecting any other location in the array. 
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Symbol Name/Definition* 

t08 Data setup time-The time interval between the specified reference points on the data 
input and write enable input waveforms that defines the earliest point in time that the 
data inputs must assume stable logic states with respect to the write enable input pulse. 
The logic levels at the data inputs must remain stable between the points in time 
defined by the data setup and hold times to ensure proper transfer of logic levels at the 
data inputs into the array location specified by the address. 

toH Data hold time-The time interval between the specified reference points on the write 
enable input and data input waveforms that defines the latest point in time that the 
data inputs must maintain stable logic states with respect to the write enable input 
pulse. The logic levels at the data inputs must remain stable between the points in time 
defined by the data setup and hold times to ensure proper transfer of logic levels at the 
data inputs into the array location specified by the address. 

twp Write pulse width-The time interval between the specified reference points on the 
leading and trailing edges of the waveform that must be applied to the write enable 
input to ensure proper transfer of logic levels at the data inputs into the array location 
specified by the address. 

tR Rise-time-The time between a specified low-level voltage and a specified high-level 
voltage on a waveform that is changing from the low level to the high level. 

tp Fall-time-The time between a specified high-level voltage and a specified low-level 
voltage on a waveform that is changing from the high level to the low level. 

C;. Input capacitance-The capacitance measured at the specified pins with power 
applied to the device. 

R;. Real input impedance-The real portion of the input impedance measured at the 
specified pins with power applied to the device. 

*The definition of the input and output voltage and current parameters and the timing parameters 
apply to the TTL and ECL ports unless stated otherwise. 
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Table 5 • DC022 ac Electrical Characteristics 

Symbol Definition Load (C1 ) Requirements (ns) Figure/Level 
Min. Max. 

tAA Address access time' 
A<3:0>-T input to 15 pF 2 30 5/TTL 
D<3:0>-T output 50pF 2 30 

150 pF 2 40 

Address access time' 
A<3:0>-E input to 30 pF 2 30 5/ECL 
D<3:0>-E output 90pF 2 30 

to A Data access time' 
D < 3:0 >-E input 15 pF 6 30 6/TTL 
D<3:0>-T output 50 pF 6 30 

150 pF 6 33 

Data access time4 

D<3:0>-T input 30pF 6 30 6/ECL 
D<3:0>-E output 90pF 6 30 

twA Write access time' 
WREN-E input 15 pF 6 32 7/TTL 
D<3:0>-T output 50pF 6 32 

150 pF 6 36 

Write access time• 
WREN-T input 30pF 6 32 7/ECL 
D<3:0>-E output 90pF 6 32 

toE Output enable time 8/TTL 
RDEN-T input 15 pF 5 22 
D<3:0>-T output 50pF 5 22 

150 pF 5 28 

RDEN-E input 3.5 pF 5 22 8/ECL 
D < 3:0 >-E output 30pF 5 23 

90pF 5 25 

ton Output disable time 8/TTL 
RDEN-T input 15 pF 3 20 
D<3:0>-T output 50pF 3 20 

150pF 3 40 

RDEN-E input 3.5 pF 2 8/ECL 
D<3:0>-E output 30pF 18 

90pF 20 

tAS Address setup time' 
A<3:0>-T input• 5 9/TTL 
A<3:0>-E input' 8 9/ECL 
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Symbol Definition Load (CL) Requirements (ns) 

Address hold time' 
A<3:0>-T input' 
A<3:0>-E input' 

Data setup time' 
D < 3:0>-T input' 
D < 3:0 >-E input' 

Data hold time' 
D < 3:0>-T input' 
D < 3:0 >-E input' 

Write pulse width' 
WREN-T input' 
WREN-E input' 

Rise time10 

D<3:0>-Toutput 

D<3:0>-E output 

Fall time" 
D<3:0>-T output 

D < 3:0 > -T output 

C,0 Input capacitance 
D<3:0>-T= 10 pF (max)" 

A< 3:0>-T=10 pF (max) 
WREN-T = 10 pF 
RDEN-T= 10 pF (max) 

D<3:0>-E= 10 pF (max)" 
A<3:0>-E=8 pF 
WREN-E=8pF 
RDEN-E=8pF 

R,. Real input impedance14 

D<3:0>-T=00 
A<3:0>-T=00 
WREN-T=OO 
RDEN-T=OO 
D<3:0>-E=00 
A<3:0>-E=00 
WREN-E=OO 
RDEN-E=OO 

15 pF 
50pF 

3.5 pF 
90pF 

15 pF 
50pF 

3.5 pF 
90pF 

Min. Max. 

8 
9 

11 
3 

12 
18 
19 

18 
15 

3 
8 

1.0 
5 

1.0 
8 

0.5 
4 
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Figure/Level 

9/TTL 
9/ECL 

9/TTL 
9/ECL 

9/TTL 
9/ECL 

9/TTL 
9/ECL 



'WREN-T and WREN-E= Vrn, RDEN-T= V11 , A<3:0>-E are stable. 
2WREN-T and WREN-E= Vrn, RDEN-E= V11 , A<3:0>-T are stable. 

DC022 

'WREN-T and RDEN-E=Vrn, RDEN-T and WREN-E=V,1 , A<3:0>-T and A<3:0>-E are 
stable with the same address. 

4WREN-T and RDEN-E= V11 , RDEN-T and WREN-E= Vrn, A<3:0>-E and A<3:0>-T are 
stable with the same address. 

'WREN-TandRDEN-E= Vrn, RDEN-T= V11 , D<3:0>-E are stable, A<3:0>-T andA<3:0>­
E are stable with the same address. 

6WREN-E and RDEN-T= Vrn, RDEN-E= V11, D<3:0>-T are stable and A<3:0>-T and 
A< 3 :0 >-E are stable with the same address. 

'Setup times, hold times, and input pulse widths are specified as minimum values and represent the 
requirements imposed by the device on the input signal timing relationships. 

8RDEN-T = Vrn. 

'RDEN-E= Vrn. 
10For D < 3:0 >-T, the rise time is measured from 0.8 to 2.0 volts. For D < 3:0 >-E, the rise time is 
measured from -1.5 to -1.1 volts. 

11 For D<3:0>-T, the fall time is measured from 2.0 to 0.8 volts. For D3:0-E, the fall time is 
measured from -1.1 to -1.5 volts. 

12Capacitance is measured at the D < 3 :0 > -T pins with the three-state buffers disabled. The 
requirement specified must be met for an Vrn applied to the RDEN-T input that meets the 
requirements of Table 2. 

"Capacitance is measured at the D < 0:3 >-E pins with the emitter follower outputs in the off 
state. The requirement specified must be met for any Vrn applied to the RDEN-E input that meets 
the requirements of Table 2. 

1•This parameter specifies the real portion of the input impedance to be positive for all frequencies 
that will ensure that the device will not cause oscillations in a system environment. 
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------__, r------V1H 

A<3:0>-T x-1.5 V 

------' ~-lAA-~--V1L 

0<3:0> -T 

TTL OUTPUTS 

A<3:0> - E 

0<3:0> - E 

ECL OUTPUTS 

0<3:0> - T, - E 

0<3:0> - T, - E 

:xxxxx:::::x:xx===============VA=L=IO====: 
f----tAA --1 

=xxxxx======xxxxxxxxxx================V=A=Ll=O===: NONMONOTONIC INPUTS 

Figure 5 • DC022 Address Access Timing 
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0<3:0> - E 

0<3:0> -T 

TTL OUTPUTS 

0<3:0> - T 

0<3:0> - E 

ECL OUTPUTS 

0<3:0> - E, - T 

0<3:0> - T, - E 

:xxxxxx:::.::::xx================V=A=L=IO====: l---toA--i 

:xxx:::xxx:::xxxxx=====xxxx=========V=AL=IO====-: 
NONMONOTONIC INPUTS 

Figure 6 • DC022 Data Access Timing 

For Internal Use Only 6-17 



DC022 

TTL OUTPUTS 

----------V1H 

---1.5V 

IL---------V1L r----IWA--
0<3:0> - E 

ECL OUTPUTS 

WREN-E, -T '/XI. '/XI. 
H 

HIGH LOW 

r-IWA_, L 

H 
0<3:0> - T, -E ~ VALID 

NONMONOTONIC INPUTS 

Figure 7 • DC022 Write Access Timing 
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~- ~--------V1H 

RDEN-T K--1 5 v j--1.5 v 

MH ~ ::S--1 _A_N_D/_S ___ -~-~~-~--E-~--------~~ : ~' 
S1 CLOSED, \ . V 
S2 OPEN~ OL 

S2 CLOSED, VoH 

D<3:0> - ~1 OPEN~ _L--1.5 V \------------ VoH - 0.5 V 
-· ------1.5V 

----- SI ANO S2 CLOSED --- 0.0 V 

TTL OUTPUTS 

r-----V1H 

---1.3 v ---1.3 v 

~~1 -~·-0~-VIL 

D<3:0> - E ---1.3 v ---1.3 v 

ECL OUTPUTS 

..-..--.--r-------- H 
HIGH XXX LOW XXX L 

toE (MAX)q I j.. "'I too (MAX) 

toE (MIN) ... "'I too (MIN) 
H 

OFF XXX V AUD )()<)( L D<3:0> - T, -E 

NONMONOTONIC INPUTS 

Figure 8 • DC022 Enable and Disable Signal Timing 
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--~---------- - - ---- ----------------- V1L 

TTL PORT 

WREN-E ---1-3 v 
'-----.J-- - - --------- ---- ----------------V1L 

ECL PORT 

YXiX/X'JX)(_ 'fXIXX 
H 

D<3:0> - T, - E VALID 
L 

f-tos-11 toH r-
'/XX I YXYXYX 

H 
A<3:0> - T, - E VALID I 

L 

lAS-Y ~twp~ ~lAH 
H 

WREN - T, - E HIGH xxx LOW xxx HIGH 
L 

NONMONOTONIC INPUTS 

Figure 9 • DC022 Write Sequence Timing 
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FROM 
OUTPUT 

Vee 
TEST 
POINT f 280 !l 

ko-· _,__1 _K_!l _ __. 

= 

S1 

DIODES 
IN916 

OR 
IN3064 

•CL INCLUDES PROBE CAPACITANCE 

Load A TTL Circuit 

FROM TEST 
OUTPUT >----~--~--oPOINT 

25 !l 

2.0 v 
•CL INCLUDES PROBE CAPACITANCE 

Load B TTL Circuit 

Figure 10 • DC022 ac Output Load Circuits 
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·Features 

• High-speed, 8-channel equals checker function 

• TTL compatible inputs and output 

· Description 

The DC102 equals checker, contained in a 20-pin dual-inline package (DIP), provides eight dual­
input channels to compare data in pairs for equality. The equals checker output is a low level 
when any one or more input pairs are not at equal logic levels. Figure 1 is a simplified logic dia­
gram of the DC102. 

INOA (1) ---\ 

INOB (2) __J 
IN1A (3)----\ 

IN1B (4) __J 
IN2A (5)----\ 

IN2B (6)--J 

IN3A (7)----\ 

IN3B (8)--J 

IN4A (12)---\ 

IN4B (13) --J 
IN5A (14)---\ 

IN5B (15) __J 
IN6A (16)---\ 

IN6B (17) __J 
IN78 (18)---\ H 
IN7B (19) __J 

NOTE: 
Numbers in ( ) Denote Terminal Numbers. 

Figure 1 • DC102 Simplified Logic Diagram 
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The DC102 is provided in the following two variations. Refer to Table 3 for the ac parameters for 
each variation. 

• DC 102: Digital part no. 1913888-00 and 1913888-01 

· Pin and Signal Description 

The input and output signals and the power and ground connections for the DC 102 20-pin DIP 
are shown in Figure 2 and summarized in Table 1. 

INOA 20 Vee 

INOB 2 19 IN78 

IN1A 3 18 IN7A 

IN18 4 17 IN68 

IN2A 5 16 IN6A 

DC102 
IN28 6 15 IN58 

IN3A 7 14 IN5A 

IN38 8 13 IN48 

OUT 9 12 IN4A 

GND 10 11 NC 

TOP VIEW 

Figure 2 • DC102 Pin Assignments 
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Table 1 • DC 102 Pin and Signal Summary 

Pin Signal Input/Output* Definition/Function 

1,2 INOA, IN OB input Input AO and BO-Dual data inputs to gate A 

3,4 INlA,INlB input Input Al and Bl-Dual data inputs to gate B 

5,6 IN2A,IN2B input Inputs A2 and B2-Dual data inputs to gate C 

7,8 IN3A,IN3B input Inputs A3 and B3-Dual data inputs to gate D 

12,13 IN4A,IN4B input Inputs A4 and B4-Dual data inputs to gate E 

14,15 IN5A,IN5B input Inputs A5 and B5-Dual data inputs to gate F 

16,17 IN6A,IN6B input Inputs A6 and B6-Dual data inputs to gate G 

18,19 IN7A,IN7B input Input A7 and B7-Dual data inputs to gate H 

9 OUT output Equals function output 

11 NC No connection 

10 GND input Ground-Ground reference 

20 v input Voltage-Power supply voltage 

*All signals are TTL levels 

Functional Description 
Figure 3 is a functional symbol of the DC102 that shows the input signal groups. 

EIGHT A A7 

INPUTS 
AO 

DC102 

EIGHT B 
87 OUT OUTPUT 

INPUTS BO 

Figure 3 • DC102 Functional Symbol 
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· Specifications 

The mechanical, electrical, and environmental characteristics and specifications for the DC102 
are described in the following paragraphs. The test conditions for the electrical values are as 
follows unless specified otherwise. Refer to Digital specification APS-2100002-GS for the general 
specifications of integrated circuits. 

• Power supply voltage (V eel: 5. 0 V ± 5 % 

• Temperature range (TA): 0°C to 70°C 

Mechanical Configuration 
The physical dimensions of the DC102 20-pin DIP are contained in Appendix E. 

Absolute Maximum Ratings 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the relia­
bility of the device. 

• Supply voltage (Vee): 7.0 V 

• Operating temperature (TA): 0°C to 70°C 

• Relative humidity: 0 to 95% (noncondensing) 

Recommended Operating Conditions 

• Supply voltage (Vee): 5 V ±5% 

• Supply current (Ice): 160 mA 

de Electrical Characteristics 
The de electrical parameters of the DC 102 for the operating voltage and temperature ranges 
specified are listed in Tab!e 2. Refer to Appendix C for the test circuits configurations referenced 
in the tables. 
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Tuble 2 • DC 102 de Input and Output Parameters 

Parameter Symbol Test Condition Requirements Units Test 
Min. Max. Circuit 

Low-level VIL 0.8 v Cl,C2 
input voltage 

High-level Vm 2.0 v Cl 
input voltage 

Low-level IIL VIL=0.4 v 0.1 -0.2 mA C4 
input current Vee=5.25 V 

High-level Im Vm=2.7 V -0.1 0.2 mA C4 
input current Vee=5.25 V 

Input current II Vm=7V 10 mA C4 
at maximum Vee=5.25 V 
input voltage 

Low-level VOL Vee=4.75 V 0.55 v C2 
output voltage IOL= 150 mA 

Pin 1=0.8 V 
All other 
inputs=2.0 V 

Vee=4.75 V 0.5 v C2 
IoL= 120 mA 
Pin 1=0.8 V 
All other 
inputs=2.0 V 

Output reverse loa Vee=4.75 V 0.1 mA Cl 
current V0 a=3.75 V 

All inputs= 
2.0V 

Input clamp VI Vee=4.75 V -1.2 v C3 
voltage Ii=-18 mA 

Supply current Ice Vee=5.25 V 160 mA C7 
Pin l=Vm, 
all other inputs 
=V1L!' 

~'Connect 330 resistor from Vee to OUT (Pin 9) 
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ac Electrical Characteristics 
The voltage waveforms and propagation delays symbols for the input and output signals are 
shown in Figure 4 and defined in Table 3. Refer to Figure 5 for the load circuit used in measuring 
the propagation delays. The following test conditions apply to the ac propagation delay measure­
ments. 

• V1L=O V to 0.8 V, Vrn=2.0 V.to 3.5 V for inputs not being tested. 

• The DC 102 must meet the speed requirements for the specified input voltage range and per­
formance must not be degraded by momentary negative voltage spikes on the inputs. 

•The nominal test conditions are V.,. (O)=OV, V;. (1)=3.0 V, V1L=0.5 Vand Vrn=2.7 V. 

ov 

6-28 

'4--- tpw---+j 

I I 

I 
l+--.i IF 

Input Waveform 

IR= IF= 0.5 V/ns 
tpw = 180 ns 

Von:O V < (V;,0) <0.8 V 

2.0 v < (V;, 1) < 3.5 v 

INPUT(V;,)~V(O) 
---hi.~": i ;::: v 

Output Out-Of-Phase : ~' ·" v 

IPLH ~ 14- --.j 14- IPLH 

JFt'k 
Output In-Phase I I I I 

IPLH ~ j4--- ~ j4--- IPLH 

Figure 4 • DC102 ac Signal Timing Delay 
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Symbol Definition 

t,rn Low-to-high level 
output 

t,HL High-to-low level 
output 

Thble 3 • DC 102 ac Propagation Delay 

Requirements 
1913888-00 1913888-01 
Min. Max. Min. 

20 

20 

c, ~ 150 pF for part no. 1913888-00 
c, ~ 150 pF for part no. 1913888-01 

Figure 5 • DC102 ac Load Circuit 
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Max. 

13 ns 

13 ns 
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·Features 

• Separate transmit and receive frequency outputs 

• Program selectable baud rates from 50 to 38,400 

• External TTL clock or crystal inputs 

• TTL compatible inputs and outputs 

· Description 

The DC301 dual baud-rate generator, contained in a 18-pin dual-inline package (DIP), provides a 
transmit and receive output to control the transfer of serial line information. Figure 1 is a simpli­
fied block diagram of the DC301 baud rate generator. 

{

TA 

XMIT Ts 
ADDR Tc 

To 

XTAL/EXT 1 (1) 

XT AL/EXT 2 (181 

{

RA 

REC Rs 
ADDR Re 

Ro 

0:: 
0 
f-
4: 
_J 
_J 

u 
rJJ 
0 

STR >--'(8_) _ _, 

FREQUENCY 
DECODE 
AND 
CONTROL 

FREQUENCY 
DECODE 
AND 
CONTROL 

REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 

DIVIDER 

DIVIDER 

REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 

Figure 1 • DC301 Simplified Block Diagram 
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The DC301 consists of a crystal-controlled oscillator, two programmable frequency dividers, and 
two divide-by-two counters. The input frequency to the oscillator can be supplied by an external 
TTL generator or controlled by a.crystal connected directly to the DC301. Separate programmable 
inputs are provided for both the transmit and receive channels. These inputs select their respec­
tive baud rates that may deviate depending on the frequency of the crystal of TTL input. The 
frequency decode and control logic is ROM-based and controls the functions of the divider. 

· Pin and Signal Description 

The input and output signals and the power and ground connections for the DC301 18-pin DIP 
are shown in Figure 2 and summarized in Table 1. 

XTAL/EXT1 XTAL/EXT2 

Vee XMIT FREQ 

REC FREQ XMIT ADDR TA 

REC ADDR RA XMIT ADDR TB 

REC ADDR RB XMIT ADDR Tc 

REC ADDR Re XMIT ADDR To 

REC ADDR Ro STT 

STR GND 

Voo NC 

TOP VIEW 

Figure 2 • DC301 Pin Assignments 
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Table 1 · DC301 Pin and Signal Summary 

Pin Signal Input/Output Definition/Function 

1 XTAL/EXTl input' Crystal/external 1-Connects to one lead of the 
crystal or to a TTL input. 

18 XTAL/EXT2 input' Crystal/external 2-Connects to the other lead of 
the crystal, the opposite polarity a TTL input, or not 
connected. 

17 XMITFREQ output' Transmit frequency (fT)-The frequency output 
selected by the transmitter address. 

3 REC FREQ output2 Receive frequency(fR)-The frequency output 
selected by the receiver address. 

4-7 RECADDRRA, input' Receiver address-Four receiver address inputs that 
Rs,Rc,Ro select the output frequency of the receiver (RECV 

OUT). 

8 STR input2 Strobe receiver address-Asserted to load the 
receiver address into the receiver address register. 

16-13 XMIT ADDR TA, input2 Transmit address-Four transmit address inputs 
T8 ,Te,To that select the output frequency of the transmitter 

(XMITOUT). 

12 STT input' Strobe transmitter address-Asserted to load the 
transmitter address into the transmitter address 
register. 

10 NC No connection 

11 GND input Ground-Common ground reference 

2 Vee input Voltage-Power supply 5 V connection 

9 Von input Voltage-Power supply 12 V connection 

'TTL levels or crystal input 
'TTL level 
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Frequency Selection 
The DC301 is available in several variations depending on the baud reates required and the exter­
nal clock connections as listed in Table 2. 

Table 2 • DC301 Electrical Variations 

Digital External Clock Baud Rates Power 
Part Number Supplies 

2112623-00 TTL 50 to 19,200 12V,5V 
(Table 3) or 5 Vonly 

2112623-01 TTL or crystal 50 to 19,200 12V,5V 
(Table 3) or 5 Vonly 

2112623-02 TTL 50 to 19,200 12V,5V 
(Table 4) or 5 Vonly 

2112623-03 TTL 50to10,200 12V,5V 
(Table 5) or 5 Vonly 

2112623-04 TTL 100 to 38,400 12V,5V 
(Table 6) or 5 Vonly 

2112623-05 TTL 50 to 19,200 5 V only 
(Table 3) 

Tables 3 through 6 list the transmit and receive addresses required to select the desired baud rates 
for the crystal frequency specified. The tables also contain the characteristics of the DC301 sig­
nals for the selected baud rates. 
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Table 3 • DC301 Baud Rate Selection and Characteristics (Crystal Frequency 5.0688 MHz) 

Transmit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle 
D c B A Rates 16X Clock (kHz) 16X Clock (kHz) Error % Divisor 

0 0 0 0 50 0.8 0.8 50/50 6336 
0 0 0 1 75 1.2 1.2 50/50 4224 
0 0 1 0 110 1.76 1.76 50/50 2880 
0 0 1 1 134.5 2.152 2.1523 0.016 50/50 2355 
0 1 0 0 150 2.4 2.4 50/50 2112 
0 1 0 1 300 4.8 4.8 50/50 1056 
0 1 1 0 600 9.6 9.6 50/50 528 
0 1 1 1 1200 19.2 19.2 50/50 264 
1 0 0 0 1800 28.8 28.8 50/50 176 
1 0 0 1 2000 32.0 32.081 0.253 50/50 158 
1 0 1 0 2400 38.4 38.4 50/50 132 
1 0 1 1 3600 57.6 57.6 50/50 88 
1 1 0 0 4800 76.8 76.8 50/50 66 
1 1 0 1 7200 115.2 115.2 50/50 44 
1 1 1 0 9600 153.6 153.6 48/52 33 
1 1 1 1 19200 307.2 316.8 3.125 50/50 16 

Table 4 • DC301 Baud Rate Selection and Characteristics (Crystal Frequency 2. 76480 MHz) 

Transmit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle 
D c B A Rate 16X Clock (kHz) 16X Clock (kHz) Error % Divisor 

0 0 0 0 50 0.8 0.8 0 50/50 3456 
0 0 0 1 75 1.2 1.2 0 50/50 2304 
0 0 1 0 110 1.76 1.76 -.006 50/50 1571 
0 0 1 1 134.5 2.152 2.1523 -.019 50/50 1285 
0 1 0 0 150 2.4 2.4 0 50/50 1152 
0 1 0 1 200 3.2 3.2 0 50/50 864 
0 1 1 0 300 4.8 4.8 0 50/50 576 
0 1 1 1 600 9.6 9.6 0 50/50 288 
1 0 0 0 1200 19.2 19.2 0 50/50 144 
1 0 0 1 1800 28.8 28.8 0 50/50 96 
1 0 1 0 2000 32.0 32.149 +.465 50/50 86 
1 0 1 1 2400 38.4 38.4 0 50/50 72 
1 1 0 0 3600 57.6 57.6 0 50/50 48 
1 1 0 1 4800 76.8 76.8 0 50/50 36 
1 1 1 0 9600 153.6 153.6 0 50/50 18 
1 1 1 1 19200 307.2 307.2 0 44/56 9 
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Table 5 • DC301 Baud Rate Selection and Characteristics (Crystal Frequency 6.01835 MHz) 

Transmit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle 
D c B A Rate 16X Clock (kHz) 16X Clock (kHz) Error % Divisor 

0 0 0 0 50 0.8 0.8 0 50/50 7523 
0 0 0 1 75 1.2 1.20 0 50/50 5015 
0 0 1 0 110 1.76 1.76 0 50/50 3420 
0 0 1 1 134.5 2.152 2.152 0 50/50 2797 
0 1 0 0 150 2.4 2.4 0 50/50 2508 
0 1 0 1 200 3.2 3.2 0 50/50 1881 
0 1 1 0 300 4.8 4.8 0 50/50 1254 
0 1 1 1 600 9.6 9.6 0 50/50 627 
1 0 0 0 1200 19.2 19.23 +.14 50/50 313 
1 0 0 1 1800 28.8 28.8 0 50/50 209 
1 0 1 0 2000 32.0 32.0 0 50/50 188 
1 0 1 1 2400 38.4 38.33 -.17 50/50 157 
1 1 0 0 3600 57.6 57.6 0 50/50 104 
1 1 0 1 4800 76.8 76.8 0 50/50 78 
1 1 1 0 9600 153.6 153.6 0 50/50 39 
1 1 1 1 19200 307.2 307.2 0 50/50 20 

Table 6 • DC301 Baud Rate Selection and Characteristics (Crystal Frequency 5.52960 MHz) 

Transmit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle 
D c B A Rate 16X Clock (kHz) 16X Clock (kHz) Error % Divisor 

0 0 0 0 100 1.6 1.6 0 50/50 3456 
0 0 0 1 150 2.4 2.4 0 50/50 2304 
0 0 1 0 220 3.52 3.5197 -.006 50/50 1571 
0 0 1 1 269 4.304 4.3032 -.019 50/50 1285 
0 1 0 0 300 4.8 4.8 0 50/50 1152 
0 1 0 1 400 6.4 6.4 0 50/50 864 
0 1 1 0 600 9.6 9.6 0 50/50 576 
0 1 1 1 1200 19.2 19.2 0 50/50 288 
1 0 0 0 2400 38.4 38.4 0 50/50 144 
1 0 0 1 3600 57.6 57.6 0 50/50 96 
1 0 1 0 4000 64.0 64.298 +.466 50/50 86 
1 0 1 1 4800 76.8 76.8 0 50/50 72 
1 1 0 0 7200 115.2 115.2 0 50/50 48 
1 1 0 1 9600 153.6 153.6 0 50/50 36 
1 1 1 0 19200 307.2 307.2 0 50/50 18 
1 1 1 1 38400 614.8 614.8 0 44/56 9 
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· Specifications 

The mechanical, electrical, and environmental characteristics and specifications for the DC301 
are described in the following paragraphs. The test conditions for the electrical values are as 
follows unless specified otherwise. Refer to Digital specification A-PS-2100002-GS for the gen­
eral specifications of integrated circuits. 

• Power supply voltage (V cc): 5. 0 V ± 5 % 

• Power supply voltage (V 00): 12 V ± 5 % 

• Temperature range (TA): 0°C to 70°C 

Mechanical Configuration 
The physical dimensions of the DC301 18-pin DIP are contained in Appendix E. 

Absolute Maximum Ratings 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the relia­
bility of the device. 

• Positive voltage on any pin with respect to ground (V cd: 20 V 

• Negative voltage on any pin with respect to ground (Vcd: -0.3 V 

• Operating temperature (TA): 0°C to 70°C 

• Relative humidity: 0 to 95% (noncondensing) 

Recommended Operating Conditions 

• Supplyvoltage(Vcd:5V ±5% 

• Supply voltage (V00): 12 V ±5% 

• Total power supply current: 105 mA 
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de Electrical Characteristics 
The de electrical parameters of the DC301 for the operating voltage and temperature ranges 
specified are listed in Table 7. Refer to Appendix C for the test circuit configurations referenced 
in the table. 

Table 7 • DC301 de Input and Output Parameters 

Parameter Symbol Test condition Requirements Units Test 
M° . m. Max: Circuit 

Low-level VIL Excluding crystal 0.8 v A,B 
input voltage input levels 

High-level Vrn 3.5 Vee v A,B 
input voltage 

Low-level VoL IOL=3.2 mA 0.4 v B 
output voltage 

High-level VoH I0 H= 100 A 2.4 v A 
output voltage 

Input current Irn V;.=5 V, 10 µA D 
Excluding crystal 
input levels 

Input C;. V;.=2.0V 10 pF 
capacitance Excluding crystal 
(all inputs) inputs 

External input 1 TTLload 5 
load 

Power supply Ice Vce=5.25 V 
current v,.=open 75 mA G 

v •• ,=open 

Inn Vnn= 12.6 V* 30 mA 

Total power 500 mW 
dissipation 

*Test not required when only 5 Vdc supply is used. 
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ac Electrical Characteristics 
The input and output signal timing for the DC301 is shown in Figure 3. and the parameters are 
defined in Table 8. Refer to Appendix D for the standard TTL input and output voltage wave­
form parameters used for measuring the signal timing. 

Table 8 • DC301 ac Timing Parameters 

Symbol Definition Requirements 1 Units 
Min. Max. 

PW Receiver strobe 150 de ns 
pulse width' 

Transmitter strobe 150 de ns 
pulse width' 

tsetup Address input 250 ns 
setup time' 

thold Address input 50 ns 
hold time 

Strobe to new 2.5 µs 
frequency delay 

1CL = 30 pF under normal operating conditions. Unit(s) shall meet CL= 80 pF with derated 
conditions. 

'Input setup time can be decreased to > 0 ns by increasing the minimum strobe width by 50 ns to a 
total of 200 ns. 

STROBEISTR/STT) 

lHOLD 

ADDRESS 

• Address need only be valid during the last T PW. Min time of the input strobe. 

Figure 3 • DC301 ac Timing Parameters 
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External Frequency 
Figure 4 shows typical external circuits used to connect the TTL frequency inputs and crystal­
controlled inputs to the DC301. 

6-40 

TTL*>­
INPUT 

DC301 

TTL• 
INPUT 

• totem pole or open collector output 

Typical TTL Input Circuit 

DC301 

Typical Crystal Input Connections 

DC301 

Figure 4 • DC301 External Frequency Connections 
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Instruction Set 
This appendix provides a summary of the VAX-11 instructions implemented by the MicroVAX 
78032, the floating-point instructions supported by the floating-point unit, and the emulated 
instructions that are assisted by the MicroVAX 78032's microcode. The standard notation for 
operand specifiers is 

<name> <access type> <data type> 

1. Name-A suggestive name for the operand in the context of the instruction. It is the capitalized 
name of a register or block for implied operands. 

2. Access type-A letter denoting the operand specifier access type. 
a= address operand 
b =branch displacement 
m =modified operand (both read and written) 
r =read only operand 
v =if not "Rn," same as address operand, otherwise R[n + l]'R[n] 
w =write only operand 

3. Data type-A letter denoting the data type of the operand. 
b=byte 
d = D_floating 
f = F _floating 
g = G_floating 
!=longword 
q=quadword 
v=field (used only in implied operands) 
w=word 
*=multiple longwords (used only in implied operands) 

4. Implied operands-Locations that are accessed by the instruction, but not specified in an 
operand, are denoted by braces { } . The abbreviations for condition codes are 
*=conditionally set/cleared 
- = not affected 
O=cleared 
l=set 

The abbreviations for exceP,tions are 
rsv =reserved operand fault 
iov =integer overflow trap 
idvz =integer divide by zero trap 
fov = floati!}g overflow fault 
fuv =floating underflow fault 
fdvz =floating divide by zero fault 
dov =decimal overflow trap 
ddvz =decimal divide by zero trap 
sub= subscript range trap 
prv =privileged instruction fault 

Opcode values are given in hexadecimal. 
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· Integer Arithmetic and Logical Instructions 

OP Mnemonic and Arguments Description NZ v c Exceptions 

5S ADAWl add.rw, sum.mw Add aligned word interlocked 
,, 

* 
,, ,, 

iov 

so ADDB2 add.rb, sum.mb Add byte 2-operand °i( ,, ;'( ,, 
iov 

co ADDL2 add.rl, sum.ml Add long 2-operand -j( * * 
,, 

iov 
AO ADDW2 add.rw, sum.mw Add word 2-operand * * * ·k iov 

Sl ADDB3 addl.rb, add2.rb, sum.wb Add byte 3-operand ;'( * * * iov 
Cl ADDL3 addl.rl, add2.rl, sum.wl Add long 3-operand * * * 

,, 
iov 

Al ADDW3 addl.rw, add2.rw, sum.ww Add word 3-operand ..... * * * iov 

DS ADWC add.rl, sum.ml Add with carry * * * * iov 

7S ASHL cnt.rb src.rl, dst.wl Arithmetic shift left * * * 0 iov 
79 ASHQ cnt.rb src.rq, dsLrq Arithmetic shift quad 

,, ·k * 0 iov 

SA BICB2 mask.rb, dst.mb Bit clear byte 2-operand 
,, 

* 0 -
CA BICL2 mask.rl, dst.ml Bit clear long 2-operand ;'( ,, 

0 -

AA BICW2 rnask.rw, dst.mw Bit clear word 2-operand * -1( 0 

SB BICB3 mask.rb, src.rb, dst.wb Bit clear byte 3-operand 
,, 

* 0 
CB BICL3 mask.rl, src.rl, dst.ml Bit clear long 3-operand * 

,, 
0 -

AB BICW3 mask.rw, src.rw, dst.mw Bir clear word 3-operand * * 0 -

SS BISB2 mask.rb, dst.mb Bit set byte 2-operand * ;'( 0 -

cs BISL2 rnask.rl, dst.ml Bit set long 2-operand -1( ;'( 0 
AS BISW2 mask.rw, dst.mw Bit set word 2-operand * * 0 

S9 BISB3 mask.rb, src.rb, dst.mb Bit set byte 3-operand 
,, ·k 0 

C9 BISL3 mask.rl, src.rl, dst.ml Bit set long 3-operand 
,, 

* 0 -
A9 BISW3 mask.rw, src.rw, dst.rnw Bit set word 3-operand 

,, 
* 0 -

93 BITB mask.rb, src.rb Bit test byte ..... * 0 
D3 BITL mask.rl, src.rl Bit test long 

,, -1: 0 
B3 BITW mask.rw, src.rw Bit test word * ·k 0 

94 CLRBdst.wb Clear byte 0 0 -

D4 CLRLdst.wl Clear long 0 0 -
7C CLRQ dst.wq Clear quad 0 0 -
B4 CLRWdst.ww Clear word 0 0 -

91 CMPB srcl.rb, src2.rb Compare byte 
,, 

* 0 * 
DI CMPL srcl.rl, src2.rl Compare long -1: ·k 0 

,, 
Bl CMPW srcl.rw, src2.rw Compare word 

,, 
* 0 * 

9S CVTBL src.rb, dst.wl Convert byte to long * 
,, 

0 0 
99 CVTBW src.rb, dst.wl Convert byte to word * * 0 0 
F6 GVTLB src.rl, dst.wb Convert long to byte ;': * 

,, 
0 iov 

F7 CVTLW src.rl, dst. ww Convert long to word 
,, ,, ,, 

0 iov 
33 CVTWB src.rw, dst.wb Convert word to byte 

,, 
* 

,, 
0 iov 

32 CVTWL src.rw, dst.wl Convert worcfto long * * 0 0 

97 DECBdif.mb Decrement byte 
,, 

* * * iov 
D7 DECLdif.l Decrement long * ..... 7: * iov 
97 DECWdif.mw Decrement word * * * ·k iov 

S6 DIVB2 divr.rb, quo.mb Divide byte 2-operand * * * 0 iov, idvz 
C62 DIVL2 divr.rl, quo.ml Divide long 2-operand * 

,, 
* 0 iov, idvz 

A6 DIVW2 divr.rw, quo.mw Divide word 2-operand * * * 0 iov, idvz 
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OP Mnemonic and Arguments Description NZ VC Exceptions 

87 DIVB3 divr.rb, divd.rb, quo.wb Divide byte 3-operand * * * 0 iov, idvz 
C72 DIVL3 divr.rl, divd.rl, quo.wl Divide long 3-operand * * * 0 iov, idvz 
A7 DIVW3 divr.rw, divd.rw, quo.ww Divide word 3-operand * * * 0 iov, idvz 

7B2 EDIV divr.rl, divd.rq, quo.wl, rem.wl Extended divide * * * 0 iov, idvz 
7A' EMUL mulr.rl, muld.rl, add.rl, prod.wq Extended multiply * * 0 0 

96 INCB sum.mb Increment byte * * * * iov 
D6 INCL sum.ml Increment long * * * * iov 
B6 INCWsum.mw Increment word * * * * iov 

92 MCOMB src.rb, dst.wb Move complemented byte * * 0 -
D2 MCOML src.rl, dst.wl Move complemented long * * 0 -
B2 MCOMW src.rw, dst.ww Move complemented word * * 0 -

8E MNEGB src.rb, clst.wb Move negated byte * * * * iov 
CE MNEGL src.rl, dst.wl Move negated long * * * * iov 
AE MNEGW src.rw, dst.ww Move negated word * * * * iov 

90 MOVB src.rb, dst.wb Move byte * * 0 -
DO MOVL src.rl, dst.wl Move long * * 0 -
BO MOVW src.rw, dst.ww Move word * * 0 -
9A MOVZBW src.rb, dst.wb Move zero-extended byte to word 0 * 0 -
9B MOVZBL src.rb, dst.wl Move zero-extended byte to long 0 * 0 -
3C MOVZWL src.rw, dst.ww Move zero-extended word to long 0 * 0 -

84 MULB2 mulr.rb, prod.mb Multiply byte 2-operand * * * 0 iov 
C4' MULL2 mulr.rl, prod.ml Multiply long 2-operand * * * 0 iov 
A4 MULW2 mulr.rw, prod.mw Multiply word 2-operand * * * 0 iov 

85 MULB3 mulr.rb, muld.rb, prod.mb Multiply byte 3-operand * * * 0 iov 
C5' MULL3 mulr.rl, muld.rl, prod.ml Multiply long 3-operand * * * 0 iov 
A5 MULW3 mulr.rw, muld.rw, prod.mw Multiply word 3-operand * * * 0 iov 

DD PUSHL src.rl, Push long * * 0 -

9C ROfL cnt.rb, src.rl, dst.wl Rotate long * * 0 -

D9 SBWC sub.rl, dif.ml Subtract with carry * * * * iov 

82 SUBB2 sub.rb, dif.mb Subtract byte 2-operand * * * * iov 
C2 SUBL2 sub.rl, dif.ml Subtract long 2-operand * * * * iov 
A2 SUBW2 sub.rw, dif.mw Subtract word 2-operand * * * * iov 

83 SUBB3 sub.rb, min.rb, dif.mb Subtract byte 3-operand * * * * iov 
C3 SUBL3 sub.rl, min.rl, dif.ml Subtract long 3-operand * * * * iov 
A3 SUBW3 sub.rw, min.rw, dif.mw Subtract word 3-operand * * * * iov 

95 TSTB src.rb Test byte * * 0 0 
D5 TSTL src.rl Test long * * 0 0 
B5 TSTWsrc.rw Test word * * 0 0 

8C XORB2 mask.rb, dst.mb Exclusive or byte 2-operand * * 0 ·-
cc XORL2 mask.rl, dst.ml Exclusive or long 2-operand * * 0 -
AC XORW2 mask.rw, dst.mw Exclusive or word 2-operand * * 0 -

8D XORB3 mask.rb, src.rb, dst.wb Exclusive or byte 3-operand * * 0 -
CD XORL3 mask.rl, src.rl, dst.wl Exclusive or long 3-operand * * 0 -
AD XORW3 mask.rw, src.rw, dst.ww Exclusive or word 3-operand * * 0 -

1. The MicroVAX 78132 FPU, when present, accelerates execution of these integer multiplication 
instructions. 
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2. The MicroVAX 78132 I;PU, when present, accelerates execution of these integer division 
instructions. 

· Address Instructions 

OP Mnemonic and Arguments 

9E MOVAB src.ab, dst.wl 
DE MOVAL { =F} src.al, dst.wl 
7E MOVAQ { =D=G} src.aq, dst.wl 
3E MOVAW src.aw, dst.wl 

9F PUSHAB src.ab, {-(SP).wl} 
DF PUSHAL { =F} src.al, {-(SP).wl} 

Description 

Move address of byte 
Move address of long 
Move address of quad 
Move address of word 

7F PUSHAQ { =D=G} src.aq, {-(SP).wl} 
3F PUSHAW src.aw, {-(SP).wl} 

Push address of byte 
Push address of long 
Push address of quad 
Push address of word 

· Instructions 

OP Mnemonic and Arguments Description 

EC CMPV pos.rl, size.rb, base.rb, 
{ field.rv}, src.rl Compare field 

ED CMPZV pos.rl, size.rb, base.vb, 
{ field.rv}, src.rl Compare zero-extended field 

EE EXTV pos.rl, size.rb, base.vb, 
{ field.rv}, dst. wl Extract field 

EF EXTZV pos.rl, size.rb, base.vb, 
{ field.rv}, dst. wl Extract zero-extended field 

FO INSV src.rl, pos.rl, size.rb, 
base.vb, {field.wv} Insert field 

EB FFC startpos.rl size.rb, base.vb, 
{field.rv}, findpos.wl Find first clear bit 

EA FFS startpos.rl, size.rb, base.vb, 
{ field.rv}, findpos. wl Find first set bit 

· Control Instructions 

OP Mnemonic and Arguments Description 

9D ACBB limit.rb, add.rb, 
index.mb, displ.bw Add compare and branch byte 

Fl ACBL limit.rl, add.rl, index.ml, 
displ.bw Add compare and branch long 

3D ACBW limit.rw, add.rw, 
index.mw, displ.bw Add compare and branch word 

F3 AOBLEQ limit.rl, index.ml, 
displ.bb Add one and branch on less or equal 

F2 AOBLSS limit.rl, index.ml, 
displ.bb Add one and branch on less 

A-4 For Internal Use Only 

N Z V C Exceptions 

,, * 0 -
,, ;, 0 -

* * 0 -­
* * 0 -
* ,, 0 -
·k ;( 0 -

* * 0 -
* ,, 0 -

N z v c 

.. ~ * 0 * 

.,.( 
* 0 * 

* ;, 0 -

* * 0 -

Exceptions 

rsv 

rsv 

rsv 

rsv 

rsv 

0 - rsv 

'' ;, 0 - rsv 

N Z V C Exceptions 

* * ;( - iov 

* * ·k - !OV 

·k * * - iov 

·k * * - iov 

* * -,'( - iov 
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OP Mnemonic and Arguments Description NZ V C Exceptions 

1E BCC{ =BGEQU} displ.bb Branch on carry clear - - - - -
1F BCS{ =BLSSU} displ.bb Branch on carry set 
13 BEQL{ =BEQLU} displ.bb Branch on equal 
lS BGEQ displ.bb Branch on greater or equal 
14 BGTR displ.bb Branch on greater 
lA BGTRU displ.bb Branch on greater unsigned - - - - -

15 BLEQ displ. bb Branch on less or equal - - - - -

1B BLEQU displ. bb Branch on less or equal unsigned 
19 BLSS displ.bb Branch on less 
12 BNEQ { =BNEQU} displ.bb Branch on not equal 
lC BVC displ.bb Branch on overflow clear 
1D BVS displ.bb Branch on overflow set 

El BBC gos.rl, base.vb, displ.bb, 
{fie! .rv} Branch on bit clear rsv 

EO BBS pos.rl, base.vb, displ.bb, 
{field.rv} Branch on bit set - rsv 

E5 BBCC pos.rl, base.vb, displ.bb, 
{field.mv} Branch on bit clear and clear rsv 

E3 BBCS pos.rl, base.vb, displ.bb, 
{field.mv} Branch on bit clear and set - rsv 

E4 BBSC pos.rl, base.vb, displ.bb, 
{field.mv} Branch on bit set and clear - rsv 

E2 BBSS pos.rl, base.vb, displ.bb, 
{field.mv} Branch on bit set and set - - rsv 

E7 BBCCI pos.rl, base.vb, dislp.bb, 
{field.mv} Branch on bit clear and clear interlocked - - - - rsv 

E6 BBSSI pos.rl, base.vb, dislp.bb, 
{field.mv} Branch on bit set and set interlocked - - rsv 

E9 BLBC src.rl, displ. bb Branch on low bit clear - - - - -
ES BLBS src.rl, displ.bb Branch on low bit set 

11 BRB displ.bb Branch with byte displacement - - - - -
31 BRW displ.bw Branch with word displacement 

10 BSBB displ.bb {-(SP).wl} Branch to subroutine with byte 
displacement 

30 BSBW displ.bw {-(SP).wl} Branch to subroutine with word 
displacement - - - - -

SF CASEB selector.rb, base.rb, 
limit.rb, displ.bw-list Case byte * * 0 * 

CF CASEL selector.rl, base.rl, 
limit.rl, displ. bw-list Case long * * 0 .. k 

AF CASEW selector.rw, base.rw, 
limit.rw, displ.bw-list Case word ·k * 0 ~·: 

17 JMPdst.ab Jump - - - - -

16 JSB dst.ab, {-(SP).wl} Jump to subroutine 

05 RSB {(SP)+ .rl} Return from subroutine - - - - -

F4 SOBGEQ index.ml, displ.bb Subtract one and branch on greater 
or equal * * * - iov 

F5 SOBGTR index.ml, displ.bb Subtract one and branch on greater 
,, ,, 

* - iov 
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· Proce<lure Call Instructions 

OP Mnemonic and Arguments Description 

FA CALLG arglist.ab, dst.ab, {-(SP).w·} Call with general argument list 

FB CALLS numarg.rl, dst.ab, {-(SP).w'} Call with argument list on stack 

04 RET {(SP)+ .r·} Return from procedure 

· Miscellaneous Instructions 

OP Mnemonic and Arguments Description 

B9 BICPSW mask.rw Bit clear processor status word 

BS BISPSW mask.r\v Bit set processor status word 

03 BPT {-(KSP).w'} Break point fault 

00 HALT {-(KSP).w'} Halt (kernel mode only) 

ON INDEX subscript.rl, low.rl, high.rl, 
size.rl, indexin.rl, indexout.wl Index calculation 

DC MOVPSL dst.wl Move processor status longword 

01 NOP No operation 

BA POPRmask.rw, ;{(SP)+.r'} Pop registers 

BB PUSHRmask.rw, ;{-(SP)+.w'} Push registers 

FC XFC {unspecified oeprands} Extended function call 

· Queue Instructions 

OP Mnemonic and Arguments Description 

5C INSQHI entry.ab header.aq Insert at head of queue, interlocked 

5D INSQTI entry.ab header.aq Insert at tail of queue, interlocked 

OE INSQUE entry.ab, pred.ab Insert into queue 

5E REMQHI header.aq, addr.wl Remove from head of queue, interlocked 

5F REMQTI header.aq, addr.wl Remove from tail of queue, interlocked 

OE REMQUE entry.ab, addr.wl Remove from queue 

· Character String Instructions 

OP Mnemonic and Arguments Description 

28 MOVC3 len.rw, srcaddr.ab, dstaddr.ab, 
{R0-5.wl} Move character 3-operand 

2C MOVC5 srclen.rw, srcaddr.ab, fill.rb, 
dstlen.rw, dstaddr.ab, {R0-5.wl} Move character 5-operand 
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Appendix A 

NZ VC Exceptions 

0 0 0 0 rsv 

0 0 0 0 rsv 

* * * * rsv 

N Z V C Exceptions 

****rsv 

****rsv 

0 0 0 0 

- - - - prv 

**OOsub 

0 0 0 0 

NZ v c Exception.s 

0 * 0 * rsv 

0 * 0 * rsv 

* * 0 * 

0 * * * rsv 

0 * * * rsv 

* * * * 

N Z V C Exceptions 

0 1 0 0 

* * 0 * 
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· System Support Instructions 

OP Mnemonic and Arguments Description 

BD CHME param.rw, {-(ySP).w'} Change mode to executive 
BC CHMK param.rw, {-(ySP).w·} Change mode to kernel 
BE CHMS param.rw, {-(ySP). w'} Change mode to supervisor 
BF CHMU param.rw, {-(ySP).w'} Change mode to user 

06 

DB 

DA 

oc 
OD 

02 

07 

Where y = MINU(x.PSL < current_mode <) 

LDPCTX {PCB.r', -(KSP).w'} 

MFPR procreg.rl, dst.wl 

MTPR src.rl, procreg.rl 

PROBER mode.rb, len.rw, base.ab 
PROBEW mode.rb, len.rw, base.ab 

REI {(SP)+ .r'} 

SVPCTX {(SP)+.r', PCB.w'} 

Load process context 
(kernel mode only) 
Move from processor register 
(kernel mode only) 
Move to processor register 
(kernel mode only) 
Probe read access 
Probe write access 

Return from exception or interrupt 

Save process context 
(kernel mode only) 

· Microcode-assisted Emulated Instructions 

Appendix A 

N Z V C Exceptions 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

- - rsv, prv 

* '' 0 rsv, prv 

* '' 0 - rsv, prv 

0 ,, 0 -

0 * 0 -

rsv 

prv 

The MicroVAX 78032 provides microcode assistance for the emulation of these instructions by 
system software. The processor processes the operand specifiers, creates a standard argument list, 
and takes an emulated instruction fault. For a description of emulated instruction processing, refer 
to the MicroVAX 78032 User's Guide. 

OP Mnemonic and Arguments Description NZ v c Exceptions 

20 ADDP4 addlen.rw, addaddr.ab, sumlen.rw, 
sumaddr.ab Add packed 4-operand ·k ;':: ;':: 0 rsv, dov 

21 ADDP6 addllen.rw, addladdr.ab, add2len.rw, 
add2addr.ab, sumlen.rw, sumaddr.ab Add packed 6-operand ;':: ,, -1:: 0 rsv, dov 

F8 ASHP cnt.rb, srclen.rw, srcaddr.ab, round.rb, Arithmetic shift and round 
dstlen.rw, dstaddr.ab packed * ;':. ;': 0 rsv, dov 

29 · CMPC3 len.rw, srcladdr.ab, src2addr.ab Compare character 
3-operand -1:: 7:: 0 ;': 

2D . CMPC5 srcllen.rw, srcladdr.ab, fill.rb, Compare character 
src2len.rw, src2addr.ab 5-operand ·k ;, 0 * 

35 CMPP3 len.rw, srcladdr.ab, src2addr.ab Compare packed 3-operand '' ;': 0 0 
37 CMPP4 srcllen.rw, srcladdr.ab, src2len.rw, 

src2add.ab Compare packed 3-operand * ,, 
0 * 

OB CRC tbl.ab, inicrc.rl, strien.rw, stream.ab Calculate cyclic 
redundancy check ;':: ·k 0 0 

F9 CVTLP src.rl, dst!en.rw, dstaddr.ab Convert long to packed * * ·k 0 rsv, dov 
36 CVTPL srclen.rw, srcaddr.ab, dst.wl Convert packed to long ;':: * ;': 0 rsv, iov 

08 CVTPS, srclen.rw, srcaddr.ab, dstlen.rw, Convert packed to leading 
dstaddr.ab separate ;':: * * 0 rsv, dov 

09 CVTSP, srclen.rw, srcaddr., dstlen.rw, Convert leading separate to 
dstaddr.ab packed ·k ;':: ;':: 0 rsv, dov 
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OP Mnemonic and Arguments 

24 eVTPT srclen.rw, srcaddr.ab, tbladdr.ab, 
dstlen.rw, dstaddt:ab 

26 CVTTP srclen.rw, srcaddr.ab, tbladdr.ab, 
dstlen.rw, dstaddr.ab 

27 DIVP divrien.rw, divraddr.ab, divdien.rw, 
quolen.rw, quoaddr.ab 

38 EDITPe srclen.rw, srcaddr.ab, pattern.ab, 
dstaddr.ab 

3A wee char.rb, len.rw, addr.ab 

39 MATCHe objlen.rw, objaddr.ab, srclen.rw, 
srcaddr.ab 

34 MOVP len.rw, srcaddr.ab, dstaddr.ab 

Description 

Convert packed to trailing 

Convert packed to trailing 

Divide packed 

Edit packed to character 
string 

Locate character 

Match characters 

Move packed 

Appendix A 

N Z V C Exceptions 

* * * 0 rsv, dov 

* * * 0 rsv, dov 

* * * 0 rsv, dov, ddvz 

* * * * rsv, dov 

0 * 0 0 

0 * 0 0 

* * 0 0 

2E MOVTC srclen.rw, srcaddr.ab, fill.rb, 
tbladdr.ab, dstlen.rw, dstaddr.ab Move translated characters * * 0 * 

2F MOVTUe srclen.rw, srcaddr.ab, esc.rb, 
tbladdr.ab, dstlen.rw, dstaddr.ab 

25 MULP mulrien.rw, mulraddr.ab, muldlen.rw, 
muldaddr.ab, prodlen.rw, prodaddr.ab 

Move translated until 
character 

Multiply packed 

2A SeANe len.rw, addr.ab, tbladdr.ab, mask.rb Scan for character 

3B SKPe char.rb, len.rw, addr.ab Skip character 

2B SPANe len.rw, len.rw, tbladdr.ab, mask.rb Scan characters 

* * * * 

* * * 0 rsv, dov 

0 * 0 0 

0 * 0 0 

0 * 0 0 

22 SUBP4 sublen.rw, subaddr.ab, diflen.rw, 
difaddr.ab Subtract packed 4-operand * * * 0 rsv, dov 

23 SUBP6 sublen.rw, subaddr.ab, minlen.rw, 
minaddr.ab, diflen.rw, difaddr.ab Subtract packed 6-operand * * * 0 rsv, dov 

· MicroVAX 78132 Foating-point Instructions 

These instructions are implemented in hardware only if the optional MicroVAX 78132 floating­
point unit is present in the system. 

OP Mnemonic and Arguments Description NZ VC Exceptions 

06F AeBD limit.rd, add.rd, index.md Add compare and branch 
D_floating * * 0 - rsv, fov, fuv 

04F AeBF limit.rf, add.rf, index.rf Add compare and branch 
F_floating * * 0 - rsv, fov, fuv 

14F AeBG limit.rg, add.rg, index.mg Add compare and branch 
G_floating * * 0 - rsv, fov, fuv 

060 ADDD2 add.rd, sum.md Add D_floating 2-operarrd * * 0 0 rsv, fov, fuv 
040 ADDF2 add.rf, sum.mf Add F _floating 2-operand * * 0 0 rsv, fov, fuv 
140 ADDG2 add.rg, sum.mg Add G_floating 2-operand * * 0 0 rsv, fov, fuv 

061 ADDD3 addl.rd, add2.rd, sum.wd Add D_floating 3-operand * * * 0 rsv, fov, fuv 
041 ADDF3 addl.rf, add2.rf, sum.wf Add F _floating 3-operand * * * 0 rsv, fov, fuv 
060 ADDG3 addl.rg, add2.rg, sum.wg Add G_floating 3-operand * * * 0 rsv, fov, fuv 
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OP Mnemonic and Arguments Description NZ v c Exceptions 

071 CMPD srcl.rd, src2.rd Compare D_floating * * 0 0 rsv 
051 CMPF src 1. rf, src2. rf Compare F _floating * 

,, 
0 0 rsv 

151 CMPG srcl.rg, src2.rg Compare G_floating ,, 
* 0 0 rsv 

06C CVTBD src.rb, dst.wd Convert byte to D_floating * 
,, 

0 0 
04C CVTBF src.rb, dst.wf Convert byte to F _floating * 

,, 
0 0 

14C CVTBG src.rb, dst.wg Convert byte to G_floating * 
,, 

0 0 

068 CVTDB src.rb, dst.wb Convert D_floating to byte * 
,, 

* 0 rsv, iov 
076 CVTDF src.rd, dst.wf Convert D_floating to F _float * 

,, 
0 0 rsv, fov 

06A CVTDL src.rd, dst.wl Convert D_floating to long 
,, ;, * 0 rsv, iov 

069 CVTDW src.rd, dst.ww Convert D_floating to word * * 
,, 

0 rsv, iov 
048 CVTFB src.rf, dst.wb Convert F _floating to byte * * * 0 rsv, iov 
056 CVTFD src.rf, dst .. wg Convert F _floating to D_float * 

,, 
0 0 rsv 

199 CVTFG src.rf, dst.wg Convert F _floating to G_float ,, 
* 0 0 rsv 

04A CVTFL src.rf, dst.wl Convert F _floating to long ,, ,, 
* 0 rsv, iov 

049 CVTFW src.rf, dst.ww Convert F _floating to word ;': * * 0 rsv, iov 
148 CVTGB src.rg, dst.wb Convert G_f!oating to byte * * ..," 0 rsv, iov 
133 CVTGF src.rg, dst.wf Convert G_floating to F _float * * 0 0 rsv, fov, fuv 
14A CVTGL src.rg, dst.wl Convert G_floating to long ;': * * 0 rsv, iov 
149 CVTGW src.rg, dst.ww Convert G_floating to word ,, ,, ,, 

0 rsv, iov 
06E CVTLD src.rl, dst.wb Convert long to D_floating ,, 

* 0 0 
04E CVTLF src.rl, dst.wf Convert long to F _floating 

,, ;, 0 0 
14E CVTLG src.rl, dst.wg Convert long to G __ floating ,, ,, 

0 0 
06D CVTWD src.rw, dst.wd Convert word to D_f!oating * * 0 0 
04D CVTWF src.rw, dst.wf Convert word to F __ floating * * 0 0 
14D CVTWG src.rw, dst.wg Convert word to G_floating * ... ·~ 0 0 

06B CVTRDL src.rd, dst.wl Convert rounded D_floating 
to long * * 0 0 rsv, iov 

04B CVTRFL src.rf, dst.wl Convert rounded F _floating 
to long * 

,, ,, 
0 rsv, iov 

14B CVTRGL src.rg, dst.wl Convert rounded G_floating 
to long * * * 0 rsv, iov 

066 DIVD2 divr.rd, quo.md Divide D_floating 2-operand ... ~ * 0 0 rsv fov fuv fdvz 
046 DIVF2 divr.rf, quo.mf Divide F _floating 2-operand * * 0 0 rsv fov fuv fdvz 
146 DIVG2 divr.rg, quo.mg Divide G_floating 2-operand * * 0 0 rsv fov fuv fdvz 

067 DIVD3 divr.rd, divr.rd, quo.wd Divide D_floating 3-operand ·k * 0 0 rsv fov fuv fdvz 
047 DIVD3 divr.rf, divr.rf, quo.wf Divide F _floating 3-operand * * 0 0 rsv fov fuv fdvz 
147 DIVD3 divr.rg, divr.rg, quo.wg Divide G_floating 3-operand * ;': 0 0 rsv fov fuv fdvz 

074 EMODD muir.rd, mulrx.rd, muld.rd 
int.wl, fract.wd Extended modulus D_floating * ;': ;': 0 rsv fov fuv iov 

054 EMODF muir.rf, mulrx.rb, muld.rd 
int. wl, fract. wf Extended modulus F _floating * 

,, 
* 0 rsv fov fuv iov 

154 EMODG muir.rg, mulrx.rw, muld.rg 
int.wl, fract.wg Extended modulus G_floating * * * 0 rsv fov fuv iov 

072 *MNEGD src.rd, dst.wd Move negated D_floating * 
,, 

0 0 rsv 
052 *MNEGF src.rf, dst.wf Move negated F _floating * ;, 0 0 rsv 
152 *MNEGG src.rg, dst.wg Move negated G_floating ,, ,, 

0 0 rsv 

070 *MOVD src.rd, dst.wd Move D_f!oating ;': ;': 0 -- rsv 
050 ''MOVF src.rf, dst.wf Move F _floating ;': * 0 - rsv 
150 *MOVG src.rg, dst.wg Move G_floating * * 0 - rsv 
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OP Mnemonic and Arguments Description NZ v c Exceptions 

064 MULD2 mulr.rd, prod.md Multiply D_floating 2-operand * •k 0 0 rsv, fov, fuv 
044 MULF2 mulr.rf, prod.mf Multiply F _floating 2-operand * * 0 0 rsv, fov, fuv 
064 MULG2 mulr.rg, prod.mg Multiply G_floating 2-operand * * 0 0 rsv, fov, fuv 

065 MULD3 mulr.rd, muld.rd, prod.wd Multiply D_floating 3-operand ;'; ;~ 0 0 rsv, fov, fuv 
045 MULF3 mulr.rf, muld.rf, prod.wf Multiply F _floating 3-operand * 

,, 
0 0 rsv, fov, fuv 

145 MULG3 mulr.rf, muld.rg, prod.wg Multiply G_floating 3-operand * * 0 0 rsv, fov, fuv 

075 POLYD arg.rd, degree rw, tbladder.ab Evaluate polynomial D_floating * ;': 0 0 rsv, fov, fuv 
055 POLYF arg.rf, degree rw, tbladder.ab Evaluate polynomial F _floating * * 0 0 rsv, fov, fuv 
075 POLYD arg.rg, degree rw, tbladder.ab Evaluate polynomial G_floating * * 0 0 rsv, fov, fuv 

062 SUBD2 sub.rd, dif.md Subtract D_floating 2-operand 
,, 7: 0 0 rsv, fov, fuv 

042 SUBF2 sub.rf, dif.mf Subtract F _floating 2-operand ;': * 0 0 rsv, fov, fuv 
062 SUBG2 sub.rg, dif.mg Subtract G_floating 2-operand * * 0 0 rsv, fov, fuv 

063 SUBD3 sub.rd, min rd, dif.md Subtract D_floating 3-operand ;': ... , ,, 
0 rsv fov fuv 

043 SUBF2 sub.rf, min rf, dif.mf Subtract F _floating 3-operand * * 0 0 rsv fov fuv 
143 SUBG2 sub.rg, min rg, dif.mg Subtract G_floating 3-operand * * 0 0 rsv fov fuv 

073 *TSTD src.rd Test D_floating * 
,, 

0 0 rsv 
053 ''TSTF src.rf Test F _floating * * 0 0 rsv 
153 *TSTG src.rg Test G __ floating * * 0 0 rsv 

·MicroVAX 78132 FPU Integer Multiplication Instructions 

OP Mnemonic and Arguments Description NZ v c Exceptions 

07 A Extended multiply EMUL mulr.rl, muld.rl, add.rl, prod.wq * * 0 0 
OOA Index calculation INDEX subscript.rl, low.rl, hi~h.rl, 

size.rl, indexin.rl, indexout.w '" " 0 0 subscript range 
OC4 Multiply long 2-operand MULL2 mukrl, prod.ml * * * 0 iov 
OC5 Multiply long 3-operand MULL3 mulr.rl, muld.rl, prod.wl * '" * 0 iov 

·MicroVAX 78132 FPU Integer Division Instructions 

OP Mnemonic and Arguments Description N z v c Exceptions 

OC6 Divide long 2-operand DIVL2 divr.rl, quo.ml * 
,, 

* 0 iov, fdvz 

OC7 Divide long 3-operand DIVL3 divr.rl, divd.rl, quo.wl -J: * 7, 0 iov, fdvz 

07B Extended divide EDIV divr.rl, divd.rq, quo.wl, rem.wl * * * 0 iov, fdvz 
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·MicroVAX 78132 FPU Operand Transfer 

The integer divide instructions require that the lower 32-bits of the dividend be transferred first 
and then the upper 32-bits. 

VAX FPU First Second Third 
Mnemonic Opcode Transfer Transfer Transfer Operation Result l Result2 

ACBD 06F limit.cl add.cl index.cl (index+ add) :limit (index.d[R]) 
ACBF 04F limit.£ add.£ index.£ (index+ add) :limit (index.f[R]) 
ACBG 14F limit.g add.g index.g (index+ add): limit (index.g[R]) 

ADDDx 060,061 add2.d addl.d addl+add2 sum.d[R] 
ADDFx 040,041 add2.f addl.f addl+add2 sum.f[R] 
ADDGx 140,141 add2.g addl.g addl+add2 sum.g[R] 

CMPD 071 src2.d srcl.d srcl-src2 
CMPF 051 src2.f ·srcl.f srcl-src2 
CMPG 071 src2.g srcl.g srcl-src2 

CVTBD 06C src.b fit cvrt d[rf4/ .6]float[E] ---
CVTBF 04C src.b fit cvrt f[rf4/.6]float[E] ---
CVTBG 14C src.b fit cvrt g[rf4/. 6]f!oat[E] ---
CVTDB 068 src.d fit cvrt byte[TJ 
CVTDF 076 src.d fit change f[rf4/ .6]float[R] ---
CVTDL 06A src.d int cvrt longword[E] 
CVTDW 069 src.d int cvrt word[TJ 

CVTFB 048 src.f int cvrt byte[TI 
CVTFD 056 src.£ fit change d[rf4/.6]float[E] ----
CVTFG 199 src.f int cvrt g[rf4/.6]float[E] 

CVTFL 04A src.£ int cvrt longword[E] 
CVTFW 049 src.£ int cvrt word[T] 
CVTGB 148 src.g int cvrt byte[TJ 
CVTGF 133 src.g fit change f[rf4/.6]£loat[R] ---
CVTGL 14A src.g int cvrt longword[T] 
CVTGW 149 src.g int cvrt word[T] 
CVTLD 06E src.1 fit cvrt d[rf4/.6Jfloat[E] ---
CVTLF 04E src.l fit cvrt f[rf4/.6]float[R] ---
CVTLG 14E src.l fit cvrt g[rf4/.6]£loat[E] ---
CVTWD 06D src.w fit cvrt d[rf4/.6]£loat[E] ---
CVTWF 04D src.w fit cvrt f[rf4/.6]float[E] ---
CVTWG 14E src.w fit cvrt g[rf4/.6]£loat[E] ---
CVTRDL 14A src.d md, int cvrt longword[R] 
CVTRFL 14A src.f md, int cvrt longword[R] 
CVTRGL 14A src.g md, int cvrt longword[R] 

DIVDx 066,067 divd.d divr.d divd/divr quo.d[R] 
DIVFx 046,047 divd.£ divr.£ divd/divr quo.f[R] 
DIVGx 146,147 divd.g divr.g divd/divr quo.g[R] 

EMO DD 074 mulrx.b mulr.d muld.d muld*(mulr'mulrx) int.l[E] fract.d[R] 
EMODF 054 mulrx.b mulr.£ muld.f muld''(mulr'mulrx) int.l[E] fract.f[R] 
EMODG 154 mulrx.b mulr.g muld.g muld*(mulr'mulrx) int.l[E] fract.g[R] 
MULDx 064,065 mulr.d muld.d mulr*muld prod.d[R] 
MULFx 044,045 mulr.f muld.£ mulr''muld prod.f[R] 
MULGx 144,145 mulr.g muld.g mulr*muld prod.g[R] 
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VAX FPU First Second Third 
Mnemonic Opcode Transfer Transfer Transfer Operation Result 1 Result 2 

POLYD 075 arg.d intl.d #coeff.d (arg"intl) +coeff #int2.d[R] #int3.d[R] 
POLYP 055 arg.f intl.f #coeff.f (arg''intl) +coeff #int2.f[R] #int3.f[R] 
POLYG 155 arg.g intl.g #coeff.g (arg"intl) +coeff #int2.g[R] #int3.g[R] 

SUBDx 062,063 min.cl sub.d min-sub diff.d[R] 
SUBFx 042,043 min.£ sub.£ min-sub diff.f[R] 
SUBGx 142,143 min.g sub.g min-sub diff.g[RJ 

EMUL 07A mulr.rl muld.rl mulr"muld prod.wq[E] 
INDEX OOA (mulr.rl) size.rl mulr''size indexout.wq[E] ---
MULLx OC4,0C5 mulr.rl muld.rl mulr''muld prod.wq[E] 

DIVLx OC6,0C7 divr.rl divd.rq divd/divr quo.wl[E] rem.wl[E] 
EDIVx 07B divr.rl divd.rq divd/divr quo.wl[E] rem.wl[E] 
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The DCTll and DC]ll 16-bit microprocessors share the PDP-11 architecture and operate with a 
common instruction set and similar addressing techniques. The following table list the instruction 
set for both processors. The instructions that do not apply to the DCTll microprocessor are 
indicated by a dagger (t) preceding the instruction mnemonic term. The DCTll microprocessor 
does not perform floating-point arithmetical operations and some of the DCTll instruction 
executions are performed differently from those of the DC]ll microprocessor. Refer to the DC]ll 
Microprocessor User's Guide (document no. EK-DCJll-UG) for a description of the differences. 

The abbreviations for the condition codes (N,Z,V,C) listed in the table are as follows. For specific 
condition code information, refer to the DC]ll Microprocessor User's Guide. 
1' =conditionally set/cleared 
- = not affected 
O=cleared 
1 =set 

The block D preceding the opcode or base code= 0 for word/ 1 for byte 

· Single Operand 
General 

Opcode Mnemonic Description N z v c 
D050DD CLR (B) Clear destination 0 1 0 0 
D051DD COM(B) Complement destination ;•, -k 0 1 
0052DD INC (B) Increment destination ;': ·k -k 

D053DD DEC (B) Decrement destination ·k ;'( ;'; 

0054DD NEG (B) Negate destination ;': ;'( ·k ·k 

D057DD TST (B) Test destination ·k ;': 0 0 
0073DD WRTLCK Read/lock destination, 

write/unlock RO into destination ,. .,., 
0 

0072DD TSTSET Test destination, set low bit -k ,., 0 •k 

Shift and Rotate 

Opcode Mnemonic Description N z v c 
D062DD ASR (B) Arithmetic shift right ·k ;': ;'; ..,., 

D063DD ASL (B) Arithmetic shift left ;'( 

'°' 
.,., ;': 

D060DD ROR (B) Rotate right 1, •k ..,., ·k 

D061DD ROL (B) Rotate left ;': ·k ;'; •k 

0003DD SWAB Swap bytes 1, ;'> 0 0 

Multiple-precision 

Opcode Mnemonic Description N z v c 
D055DD ADC (B) Add carry ;'( ·k ·k ;': 

0056DD SBC (B) Subtract carry ;'; ; .. ;': ;'; 

0067DD SXT Sign extend ..... , 0 
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Processor Status (PS) Word Operators 

Opcode Mnemonic Description N z v c 
1067DD MFPS Move byte from PS ·k ·k 0 
1064SS MTPS Move byte to PS ·k ..,., ..,., ...,•: 

· Double Operand 

General 

Opcode Mnemonic Description N z v c 
DlSSDD MOV(B) Move source to destination ·k ..... 0 
D2SSDD CMP (B) Compare source to destination ·k ,., ;': ·k 

06SSDD ADD Add source to destination 
,, ...,., ;, -1: 

16SSDD SUB Subtract source from destination 
..,., -1: -1: ·;'; 

072RSS 'ASH Ari thrnetic shift ·k -;': ;': ·}; 

073RSS 'ASHC Arithmetic shift combined ·k ,., •k •k 

070RSS 'MUL Multiply ·k ;'; 0 ·k 

071RSS 'DIV Divide ·k ·k •k ·k 

Logical 

Opcode Mnemonic Description N z v c 
D3SSDD BIT (B) Bit test ;': ;': 0 
D4SSDD BIC (B) Bit clear ·k .. k 0 
D5SSDD BIS (B) Bit set * 

,., 
0 

074RDD XOR Exclusive OR -Jr ·k 0 

· Program Control 

Branch 

Opcode or 
Base Code Mnemonic Description N z v c 
000400 BR Branch unconditional 
001000 BNE Branch if not equal to zero 
001400 BEQ Branch if equal to zero 
100000 BPL Branch if plus 
100400 BMI Branch if minus 
102000 BVC Branch if overflow is clear 
102400 BVS Branch if overflow is set 
103000 BCC Branch if carry is clear 
103400 BCS Branch if carry is set 
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Signed Conditional Branch 

Opcode or 
Base Code Mnemonic Description N z v c 
002000 BGE Branch if greater than or equal to zero -
002400 BLT Branch if less than zero 
003000 BGT Branch if greater than zero 
003400 BLE Branch if less than or equal to zero 

Unsigned Conditional Branch 

Opcode or 
Base Code Mnemonic Description N z v c 
101000 BHI Branch if higher 
101400 BLOS Branch if lower or same 
103000 BHIS Branch if higher or same 
103400 BLO Branch if lower 

Jump and Subroutine 

Opcode or 
Base Code Mnemonic Description N z v c 
OOOlDD ]MP Jump 
004RDD JSR Jump to subroutine 
00020R RTS Return from subroutine 
077ROO SOB Subtract one and branch if not equal to 

zero 

Trap and Interrupt 

Opcode or 
Base Code Mnemonic Description N z v c 
104000 to 
104377 EMT Emulator trap * '~ "le * 
104400 to 
104777 TRAP Trap ";~ .. ~ * * 
000003 BPT Breakpoint trap 1, '~ ..... * 
000004 IOT Input/output trap * * * * 
000002 RTI Return from interrupt * * * * 
000006 RTT Return from interrupt * '~ * * 
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Miscellaneous Program Control 

Opcode or 
Base Code Mnemonic Description N z v c 
0070DD tCSM Call to supervisor mode 
0064NN tMARK Mark 
00023N tSPL Set priority level 

Miscellaneous 

Opcode or 
Base Code Mnemonic Description N z v c 
000000 HALT Halt 
000001 WAIT Wait for interrupt 
000005 RESET Reset external bus 
000007 MFPT Move processor type 
1066SS tMTPD Move to previous data space * * 0 
0066SS tMTPI Move to previous instruction space '" * 0 
0065SS tMFPD Move from previous data space * * 0 
1065SS tMFPI Move from previous instruction space * * 0 

· Condition Code Operators 

Opcode or 
Base Code Mnemonic Description N z v c 
000241 CLC Clear C 0 
000242 CLV ClearV 0 
000244 CLZ Clear Z 0 
000250 CLN Clear N 0 
000257 CCC Clear all CC bits 0 0 0 0 
000261 SEC SetC 1 
000262 SEV SetV 1 
000264 SEZ Set Z 1 
000270 SEN SetN 1 
000277 sec Set all CC bits 1 1 1 1 
000240 NOP No operation 

B-4 For Internal Use Only 



The following electrical circuit configurations are used in performing the de tests on some of the 
integrated circuits (ICs) in this databook. Refer to the specification section of each IC for detailed 
information related to the de tests. A definition of the parameters used in the tests is contained in 
Table C.1. 

Current flow into the device is a negative value and current flow out of the device is a positive 
value. 

High (H) assertion signals are true or asserted for high-level voltages and false or negated for low­
level voltages. Low (L) assertion signals are true or asserted for low-level voltages and false or 
negated for high-level voltages. 

Table C.l •de Test Specification Parameters 

Symbol Name/Definition 
-~~----------------~~~~~~~~ 

Vrn High-level inp1" voltage-An input voltage level within the more positive (less negative) 
of the two ranges of values used to represent the binary variables. 

v,L Low-level input voltage-An input voltage level within the less positive (more negative) 
of the two ranges of values used to represent the binary variables. 

Irn High-level input current-The current into an input when a high level voltage is applied 
to that input. 

I1L Low-level input current-The current into an input when a low level voltage is applied to 
that input. 

V,c Input clamp voltage-An input voltage in a region of relatively low differential resistance 
that serves to limit the input voltage swing. This parameter applies to TTL inputs that 
have clamping diodes to ground that become forward biased for negative excursions of 
the input voltage. 

I,M Input current at maximum input voltage-The current into an input when the maximum 
input voltage is applied to that input. This parameter applies to TTL inputs. 

V 0H High-level output voltage-The voltage at an output terminal with input conditions 
applied that according to the specification will establish a high level at the output. 

V 0 1 Low-level output voltage-The voltage at the output terminal with input conditions 
applied that according to the specification will establish a low level at the output. 

IOL Low-level output current-The current into an output with input conditions applied that 
according to the specification will establish a low level at the output. 

Ios Short circuit output current-The current into an output when that output is short­
circuited to ground with input conditions applied to establish the output logic level 
farthest from ground potential. This parameter applies to TTL outputs. 

IozL Low-level output leakage current-The current from an output with a low level applied to 
the output and with the input conditions applied so that the output is a high impedance. 
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Symbol Name/Definition 

I0 ZH High-level output leakage current-The current from an output with a high-level applied 
to the output and with the input conditions applied so that the output is a high 
impedance. 

Ice Positive power supply current-The current into the V cc input from the power supply. V cc 
represents the positive power supply voltage applied to the device. 

IEE Negative power supply current-The current into the VEE supply terminal of the device. 
VEE represents the negative power supply voltage applied to the device. 

Cn Input capacitance-The capacitance measured at the specified pins with power applied to 
the device. 

R," Real input impedance-The real portion of the input impedance measured at the 
specified pins with power applied to the device. 
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Figure D.l shows the waveforms and symbols used to measure the propagation delay for some 
input and output voltages. 

INPUT 

OUTPUT VOLTAGE 
IN PHASE 

OUTPUT VOLTAGE 
OUT OF PHASE . 

tLH rr---.... 
1.5V 1.5V 

IHL i:: 
1.5V 

Figure D.l • Input/Output Propagation Delay Symbols 
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· Figures E.1 and E.2 show the configurations of the molded dual-inline package (DIP) types, except 
for the 60-pin DCJll microprocessor DIP, and Table E.1 lists the pin and package dimensions. 

Figure E.3 shows the 60-pin DIP configuration and dimensions. 

Figure E.4 shows the configuraton of the CERQUAD inline package types and the table in Figure 
E.4 lists the dimensions for the package types. 

Figure E.5 shows the configuration of the pin grid array (PGA) packages and the Table E.2 lists the 
pin and package dimensions. 

Table E.l •Molded DIP Package Dimensions 

Package 14-pin 16-pin 18-pin 20-pin 28-pin 40-pin 
Dimension Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

A 0.24 0.26 0.24 0.26 0.24 0.26 0.25 0.29 0.53 0.55 0.53 0.55 

B 0.745 0.775 0.745 0.775 0.885 0.925 1.01 1.05 1.45 1.48 2.05 2.08 

c 0.15 0.2 0.15 0.2 0.15 0.2 0.15 0.2 0.15 0.2 0.15 0.2 

D 0.125 0.12 0.125 0.12 0.125 0.12 0.125 0.12 0.125 0.16 0.125 0.16 

E 0.09 0.11 0.09 0.11 0.09 0.11 0.09 0.11 0.09 0.11 0.09 0.11 

F 0.055 0.065 0.055 0.065 0.055 0.065 0.055 0.065 0.055 0.065 0.055 0.065 

G 0.015 0.02 0.015 0.02 0.015 0.02 0.015 0.02 0.015 0.02 0.015 0.02 

H 0.015 0.06 0.015 0.06 0.015 0.06 0.015 0.06 0.015 0.06 0.015 0.06 

K 0.04 0.65 0.01 0.04 0.03 0.04 0.025 0.055 0.04 0.07 0.04 0.07 
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Figure E.1 • 14-, 16-, 18-, and 20-pin Molded DIP Package Dimensions 
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Figure E.2 • 28-, and 40-pin Molded DIP Package Dimensions 
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Figure E.3 • 60-pin Molded DIP Package Configuration 
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0.9 0.02 0.05 

1.1 0.02 0.05 
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AppendixE 
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.164 MAX 

.180 MAX 

-11-- .030 MIN 
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0.825 

1.125 

1.325 

1.125 

1.325 

Figure E.4 • CERQUAD Package Configurations and Dimensions 
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Table E.2 •Pin Grid Array Package Dimensions 

Type* Pins Dimensions 
A B c D E F G H J K 

72 1.17 1.0 0.1 0.05 0.16 0.1 0.36 0.145 0.88 0.17 

B 132 1.4 1.3 0.1 N/A N/A N/A N/A N/A N/A 0.18 

M,IE,F 132 1.4 1.3 0.12 0.05 0.12 0.12 0.35 0.33 0.74 0.18 

BCI3 132 1.4 1.3 0.12 N/A N/A N/A N/A N/A N/A 0.18 

''Package Identification: 

Type ~ = VAXBI bus BCAI and BIIC chips 
M= V-11 M chip 
I/E = V-11 I/E chip 
F = V-11 F chip 
BCL3 = VAXBI bus BCI3 chip 
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K 
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(REFER TO TABLE E2) 

'Standoff pins are positioned at the four exterior corners of the 132-pin PGA and at the four 
interior corners of the 72-pin PGA. 

4Capacitor pads not available on the~ and BCI3 PGA versions. 

Figure E.5 • PGA Package Configurations and Dimensions 
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